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This 1nventzon pertains to sustaxned release of
biocactive polypeptzdes.

_nany_drug delivery systems have been
developed, tésteduand utilized for the controlled in vivo
release of pharﬁebeut;:al oompositions.. For example,
polyesters sucﬁ'es'poly (DL~lactic acid), poly (glycolic
acid), poly(e- caprolactone) and various other copolymers
have been. used to ‘release biologloally active molecules
such as progesterone, these have been in the form of
mlcrocapsules, fllms, or rods (Pitt CG, Marks, TA, and
Schindler, A. 1980). Upon implantation of the
polymer/therapeutlc agent composxtlon, for example
subcutaneously or intramuscularly, the therapeutic agent
is released over a specific period of time. Such
bzocompatlble blodegradable polymerlo systens are
designed to permzt the entrapped therapeutzc agent to.
diffuse from. thjfpolymer matrzx. Upon release of the
therapeutic agent, ‘the polymer zs degraded in vivo,
obviating surgical removal of the 1mp1ant. Although the
factors that. co ibute to polymer: degradatxon are not
well understood* _Qis believed that such degradation for
polyesters may be regulated by the aooessxbxlity of ester
linkages to. non-enzymatzc autooatalytlc hydrolysis of the
polymeric componeuts.
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have beeqﬁﬁéﬁﬂﬂhg rel ease biologically active nol-ecul es such_as

~ progester se have been in the formof microcapsul es, PET/NSM/Q0M48 o
G(PEET CG Marks, TA, and Schindler, A 1980). Upon inplantation of the

: yner/therapeutlc agent . conp05|t|on for exanpl e subcutaneously or

intramuscul arly, the therapeutic agent |s rel eased over a specific period
"of tinme. Such bioconpatible blodegradaﬁT pol ynmeric systens are designed to

i pernmt the entrapped,therapeutic nt t f fromth y matri Xx.
" Upon rel ease of ttm;% %ﬁé&ﬁﬁ é&%ﬁ ﬁ@ﬂﬁd%§ﬁ§+ cationg aﬁgg $§§VIVO,
obvi ati ng suagyunhvromoxehtuckymedesprabEs AIphgsgbaﬂhdnbmﬁactiohhat

That such deleiaabion ARFBAADER. BiBaRgkalhy et BTYRRR nd. b RSB T,

of ester Ii nnagpolnepsﬁdenzyﬂbeu oaappse&nanytpmnsidwelsyg qixturiec of
pol yneri c §0Hpeﬁe£1£§euuc aqeﬁﬁvﬁhal aEBQaeubhbsahJ poiymied Yhakatents have

addressed 1ssues 0 mat ri X eS|gn and iits rolé in regulating the

rate and extEHFtBF“Pélé§§ed$ffFﬁéP§ﬁéuF &eagenﬁ§°wnt99veatr1x after

introduction into a subject.
Hutchlnson (US Patent 4, 767 628/ICI) controlled
the release of a therapeutxc agent ‘by uniform dispersion
10 in a polynerlc devzce. It is stated that this
formulation prov1des for controlled continuous release by
the overlap_of¢two phases: first, ‘a diffusion-dependent
leacliing of”the:drug from the surfice of the formulation;
and second, releas;ng by aqueous channels induced by
15 degradatlon of the polymer.

In general, the invention features a sustained
release pharmaceutical formulation composed of a
polyester contalning one or more free COOH groups

20 ionically conjugated with a b1ologically active
polypeptlde composed of at least one effective, ionogenic
amine wherein at_least 50%, by weight, of the polypeptide
present in?theﬂcomposition is ionically conjugated.to the
polyester. A '

25 - In preferred emhodlments, the polyester is
modified to:- increase the carboxyl to hydroxyl end group
ratio from nore than one and approaches infinity, i.e.,
all of the hydroxyl groups can be: substltuted with
carboxyls.; Examples of suitable polyesters are those

30 orlginatinq from compounds such a_fL—lactlc acid, D-
lactic acid, ‘DL=lactic acid, e—caprolactone, p-dioxanone,
e-caproic acld, substztuted and unsubstituted ,
trlmethylene carbonate, 1, 5-dloxepan-2—one, 1,4-dioxepan-
2-one, glycolide, glycolic acid, L-lactlde, D-lactide,
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-2-= Y wo 94fsss7exanpl e, Del uca (EPO Publication 0 467 389 Aeriaisodobiss
Kent ucky) describes a physical interaction between a hydrophobic

- bijodegr adabl e pol yner and a protein or polypeptide. The conposition forned

- was ‘a m xture of a therapeutic agent and a hydrophobi ¢ pol yner that

sustai ned its diffusional release fron1Lh§ matrix after introduction into a
subj ect . Hut chi nson (US Patent 4, 767, 628/ 1Cl) controlled the

rel ease of aprhaadidd Cmmuléatm&fqmﬁmr&ﬁhw a%feiam yEef€Vi ce.
It is stated that this fornulatlon ErOVI des or controIT conti nuous

release by t REGRES R MY ate , (A-hy B | eachi ng
of: the drug bpwwauayswétam (ﬁsdﬁuﬁprﬁa&ﬁam md:mmhrsed:ea@nﬁg by

:aqueous chang&I%H ”%%%%l byother heterochain polymers related to
5 traditional polyesters may also be used (e.g.,
'polyérthoestérs, polyorthocarbonates, and polyacetals).
Preferably, the polyesterfis made polycarboxylic
by reaction with malic acid or citric acid.
In preferred embodiments the polyester is

10 partially acid-tipped with glutaric anhydride. 1In yet
other preferred embodiments the polyester is fully acid-
tipped with.glutatic anhydride. Preferably, the
polyester has an average degree of polymerization between
10 and 300 and more preferably between 20 to 50.

15 The ionic'molecular conjugates of the invention
are preferably made from polycarboxylic acid-tipped
pol :sters conjugated with monobasic and polybasic
biocactive polypeptides having at least one effective
ionogenic amine group. Alternatively, any polyester may

20 be used to form an ionic molecular conjugate of the
invention prOVided'it is pretreated with a suitable base,
e.g., NaOH. Moreover, any acid—stéble peptide can be
used, e.g., growth hormone releasing peptide (GHRP) ,

~ luteinizing hormone-releasinq hormone (LHRH),

25 somatostatin, bombes;n, gastrin releasxng peptide (GRP),
calcitonin, hradykinzn, galanin, melanocyte stlmulatlng
hormone (MSK), growth hormone releaszng factor (GRF),
amylin, tachykinxns, secretin, parathyroxd hormone (PTH),
enkaphelin, endothelin, calcltonln gene releasing peptide

30 (CGRP), neuromedins, parathyroid hormone related protein
(PTHrP) , glucagon, neurotensin, adrenocortxcothrophlc
hormone (ACTH), peptlde YY (PYY), glucagon releasing
peptide (GLP); vasoactzve 1ntest1n§l peptide (VIP),
pltultary'a enylate cyclase. actlvatlnq peptide (PACAP),

35 motilin, substance P, neuropeptlde Y (NPY), TSH, and
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degradatlon of the polyner. Summary of the Invention .

| n gener YO IMEBY nyention features a sustained rel ease phar NPCEUS$409148
formul ati on conposed of .a pol yester containing one or nore free COOH groups
ionically conjugated with a biologically active pol ypepti de conposed of at

| east one effective, ionogenic am ne wherein at |east 50% by weight, of

t he pol ypeptide present in the conpositfa@ <4s ionically conjugated to the
pol yester. In preferred enbodi nents, the polyester is nodified to

i ncrease t heanalogfyandofnggmenys thergefup Suchoibnim modecubar one and

approaches igbhfhdites- Sre é&baﬁletaf P¥ﬂéﬂ§ihq9tﬁgﬁ§ b3BaBE FHDSt I tuted

wi th carboxyls.” Exanpl es of ,suitab yesters are thaose originating from

conpounds sUCPRBRNENtS in vikQ at EPrFEEFPEm&EFG rBEQFaEFFErHéFBd by
[err]- Capr0|'d@éOdmemﬂcdlOs*aﬁﬂdturéerﬂbleeﬁlarcwaﬁgﬂt,Suhat pkut 6¢ pso€h

Unsubst |4 SLopbbEhOl SPCCREER Do fuqtras” ARABRAREER dod EhPXePT"
release of the drug entails the transformation of the
insoluble conjugate form to water;eoluble components, in
part, through the hydrolysis of the hydrophobic
polyester. Thus, release of the biocactive polypeptide

10 increases, independently, with (ai the decrease in the
pKa differential between the bicactive polypeptide and
polyester, (b) the chemical reactivity of the polyester |
chain that is reflected in the carbonyl nucleophilicity,
(c) the decrease in polyester density, as it relates to

15 the glass transition temperature and minimized
crystallizabillty, and (d) the increase in matrix
hydrophilicity.

In preferred embodiments the polypeptide comprises
1 to 50 percent by weight of the total weight of the

20 ionic molecular conjugate, and preferably greater than
85%, more preferably 95%, and even more preferably 99%,
of the polypeptide present in the'tonposition is
ionically conjugated to the polyeSter; the polyester
component of the ionic molecular conjugate has a

25 éiscosity of'about 0.05 to about 0.7 dl/gm in chloroform;
and the polyester has an average molecular weight of
about 1200 - 40,000, . '

The polymeric ionic mpleculf[_conjugates of the
invention can easily be made into ;n;ectable microspheres

30 or microparticles, and implaptable{films or rods, without
the need to uUtilize processing that: entails multiphase
emulsions or non-agueous two-phas: ystems. Preferably,
the microparticles are manufactﬁred by (a) dissolving the
composition in an aprotlc, water nxséxble organic

35 solvent; (b) m1x1ng the organlc solvent in water, and (c)
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-3 - Diwlooseisssyr, neso-l actide, al kyl ene oxal ate, cycl oal kyl

alkylene succinate, ([err]-hydroxybutyrate), -and optically active |soners

racenat es or copolyners of any of the above. O her heterochain polyners

related to traditional polyesters may al so be used (e.g., polyorthoesters,

pol yorthocarbonates, and polyacetals).. g . Preferably, the polyester is
i made pol ycarboxylic by reaction with malic acid or citric acid. I n

| preferred emm ﬁﬂl@ﬂﬂéﬁ@ﬁéﬁtmﬁeaafibﬂ' {:Meaﬁhéai-l pped with glutaric
. anhydri de. et ot ferred enbodi nents th esg?gge ster is fully acid-

| tipped mnthﬂﬁ Jimpntsy fhe prganic s t &8 rhesgn §F9Page
| degree of pﬁnﬂngrdupJarlinguunnu acetonitrile, tetrahydrofuran,

dimethylformamide, and dimethoxy ethylene glycol.
. 5 In preferred embodiments the polyester/polypeptide
f ionic molecular conjugate is capable of releasing jn vivo
| a' therapeutically effective dose of a biocactive
polypeptideiover a period of at least 20 days, and more
| preferably for up to 95 days but not less than 7 days. In
| 10 yet other preferred embodiments the release of the
. therapeutic 1on1c molecular conjugate 1s essent1ally
; , ' monophasic.
The sustained release compositions of the
| invention are preferably made by (a) providing a
? - 15 polyester havinglfree COOH groups and a bioactive
i polypeptide having at least one effective ionogenic
amine, and’(b)_idnically conjugating the polyester to the
polypeptide to form an ionic molecular conjugate, wherein
at least 85%, by weight, of the polypeptide present in
20 the compositibn'is ionically conjugated to the polyester.
| The polyester can be one which has sufficient free COOH
i groups to begzn with, or, if an insufficient number of
such groups are available for the desired peptide loading
level at the outset, the polyester can be (1) reacted
25 with , e.g.,i@alic or citric acid through esterification
or functioﬂél interchange, or (2) acid-tipped with ,
e.g., glutaric anhydr;de or (3) the polyester can be
treated with a. base, e.g., NaOH, to expose acid groups.
Finally, the polyester/polypeptlde ionic molecular
30 conjugate may be converted to implantable films or rods,
or injectable-miCrospheres o:;microparticles capable of
| ~ releasing iﬂ-zigg_the polypép;ide.
" Preferably, the polyéster'is synthesized by
catalyzing or autocatalyzxng dlrect condensation of one
35 or more hydroxy acids, e. g., glycolxc acid and lactic
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10 ,and 800 and nore preferably between 20 to 50. The ionic nol ecul ar
. conj ugat-c¥OSWISHRE i nvention are preferably made from pol ycar paraissaooids

. ‘aci‘d-ti pped polyesters conjugated wi th nonobasi c and pol ybasi ¢ bi oactive
pol:ypepti des having at |east one effective ionogenic am ne group.
Alternatively, any polyester may be used to forman ionic nolecul ar
conjugate of the invention provided it +s6pfretreated with a suitable base
e.g:., NaCOH Moreover, any acid-stable peptide can be used, e.g., growh

hor none rel edsidg pBpthecpresmpre pf: & predegerninede coaceatratiom ofne

(LHRH), somagophe ba:bsgggﬁai Ryageky’ aB1be! @3gl.09 ﬂﬁﬁfig:dﬁc(i%’

.cal ci toni n, bradykinin, - ani n, nmelanocyte stimulatin ornone ( MSH)

. growt h hor nofiatFafredSidy f RBEoPOLYRSFers ihus foEBRGKPABRESSsagidri n,

. parathyroi d bgppeachy&fiylcahapgebups eRdehhakenpresesably pageislly
r el easi ng pe tlge1£CERP%'_ﬁeurggedlns, par at hyroi d hornone rel ated protein

(PTH P), ﬁg 1 Yedf ?e %PR, adrenocorti cot hrophi ¢ hornmone (ACTH),

peptide YY (PYY), ¢lThesagolyestears ajlseptanida @yRthesdsmttbwe i ntesti nal

Dopl] (VLSRRG RO B SOl 8= hs o0 88 BRBLLAGS( BE'E)
polymerization of cyclic monomers such as e-caprolactone,
p-dioxanone;-trinéthylene carbonate, 1,5-dioxepan-2-one,

10 or, 1,4-dio#épah;2-one in the presence of a chain
initiator, e.q;;fa hydroxy polycarboxylic acid.

Another method of synthesizing involves reacting a
hydroxy acid with a cyclic dimer, followed by
condensation offﬁhe open chain system in the presence of

. 15 a polycarboxylic acid.
' Yet_anqther synthetic method involves reacting an
organic polycarboxylic acid with a preformed polyester.

In the aforementioned preferred embodiments the
acid-tipped-polyester has a carboxyl to hydroxyl end

20 group ratio of more than one and approaching infinity
(i.e, eliminating all the hydroxyl groups) with an
average degree'og polymerization between 10 and 300, and
in particularly preferred embodiments between 20 and 50.

Alternatively, a polyester is rendered capable of

25 forming an ionic molecular conjugate with a biocactive
polypeptide by treatment with a base, e.g, NaOH.

Preférahly, the polyester/polypeptide ionic
molecular conjugate is synthesized by direct interaction
between the po1ygster, e.g., in the free form, and the

30 polypeptide, e.g., in the free form, in the proper liquid
medium. Inﬁother preferred?embcdiments suitable solvents
for the formation of the conjugate would be a mixture
aprotic solvent (e.qg., acetbne, teﬁrahydrofuran (THF), or
ethylene glycol_dimethylether] and a suitable solvent for

35 the peptide (e.g., water) in propoftions such that the

This Sheet Has Been Replaced
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-4-+ anavO@d/1858@ fragnents thereof. Such ionic nolecul ar copicygResdords c
capabl e of releasing their bioactive conponents in vivo at predeterm ned
rates determ ned by the chem cal structure, nolecular weight, and pKa of
bot h conponents of these conjugates. A nechanismfor the rel ease of the
drug entails the transformation of the~ifsol uble conjugate formto

wat er - sol ubl e conponents, in part, through the hydrolysis of the

hydr ophobi ctwol gystems aFeumiscdbdese Frdferablincithe gRlypiide is

e choce, TGN btk bl he S e o
reactivity oFf eﬂsaéot9e§béﬁ Preferably, the PGIYPeptide has at
least one effective ionogenic amine group.

5 In preferred embodiments the polypeptide is 1 to
50 percent by weight, and preferably 10 to 20 percent of
.the polyester/polypeptide ionic molecular conjugate. 1In
preferred embodiments, the accessible carboxyl groups of
the polyester are partially neutralized with alkali metal

10 ions or organic beses. In yet other preferred _
embodiments, the alkali treatment provides chain
dissociation of the polyester and formation of lower

' molecular weight binding sites.

"Polypeptide", as used herein, refers to a

15 protein, peptide, oligopeptide or synthetic oligopeptide.

"Polycarboxylic", as used herein, refers to
compounds having more than one carboxyl group, e.g.,
malic acid and citric acid.

"Average degree of polymerization", as used .

20 herein, refers to the number of repeat monomer sequences.

"Effective ionogenic amine", as used herein,
refers to a polypeptide that contains at least one amine
group capable of forming an ion under prevailing
conditions..

25 “Acid-tipped", as used herein, refers to compounds
having an acid terminus.

"pPartially acid-tipped", as used herein, refers to
compounds having 1 - 99 percent of their hydroxyl end
groups acid-tipped. ' ' '

30 ‘"Fully acid-tipped", as used herein, refers to
compounds having greater than 99.9% of their hydroxyl
groups ac1d-tipped.

"Hydroxy acids", as used herein, refers to any
compound containing hydroxyl and_carpoxyl groups.

“‘ii\iii\\\\\\\\\\\\\\\



. 1 n polyeste

chain th | ected in the carbonyl nucleophilicity, (c)_the decrease
wolrﬁlégesﬁzity, as it relates to the glass transition 874400348 and

. mnimzed crystallizability, and (d) the increase in matrix hydrophilicity.

I h-preferred enbodi nents the pol ypeptide conprises 1 to 50 percent by

wei ght of the total weight of the ionic nplecular conjugate, and preferably

greater than 85% nore preferably 95% ~afd “even nore preferably 99% of the

pol ypepti de present e .G i1 | S 1oni |y conjugated to the
pol yester; the pol yegbe'{r‘&%é;r!r’p’:o]ﬁ‘ eiﬁt""t o(mﬁ?@ql' o"‘fﬁ%ﬂn'ol%%dféﬁ"? et e has a
viscosity ofrefeuvs Hooantorganic acidowigh onecthvbokglngreup ahd pakeyester

has an aver age §8+&CHaFo¥el IGtorh. about 1200 - 40, 000. The
pol ymeric ionic nolegtlar*gog?% g%es of the invention can easily be made

into injectabl e m cr'dSIYSaEboXY i hysraxyc [agid'ands myseththertedn, | ms or

r ods, witBomefémneedatl@yﬂitdsk*lzﬁcmoﬁfﬁﬁiﬂéréhﬁhaﬁnbﬁUéa% yRhase
phase systens. Preferably, the mtTroparticles

enulsionS(wqﬁggpaqueous t wo- ph: L ) .
are manuf act by (a) dissolving the conposition in an aprotic, water
m sci bl e organi ¢ sol@ganichentraingrtc azr gwed hadedd)l deferd @l and (c)
organic liquids which codistill with water.
"Bidacti?g", as used herein, refers to a molecule
10 that elicits or affects a biological event.
"Acyclize®, as used herein}'refgrs to a chemical
reaction that o@Curs by ring opening.
"Polycondensation", as used herein, refers to the
formation of a pq1yester by the condensation of two or
15 more molecules, |
The present invention provides a new
pharmaceutiCal*¢gmpoéition that chemically bonds a
biocompatible, biodegradable polyester to oligopeptides,
polypeptides, peptides and or proteins as a homogeneous
20 ionic species. §¥;chemically bonding polyesters of
different molegﬁ;ar weights to the therapeutic agents,
the chemical characteristics of the composition can be
more precise;ylgﬁilored to meet the demands for the
controlled.ggﬂbﬁﬁgsic release of the biologically active
25 polypeptidg%mpiééyle in vive. Furthermore, the
' compositioqsﬂbffgye invention are_bﬁtimized easily to
possess fuﬁq#ioééi properties for greater loading of a
therapeutiéailyiéétive polypeptide.
Other fé?ﬁnres and advantages of the invention
30 will be appa:enﬁvtrom the followingjdetailed description
of the prefe:redgémbodiments,'and:f?om the claims.

s an illustratidé;representing isomers
of polycarbg&¥1$§§acid-tipped lactide/glycolide (malic
35 type) copolymer. - - '
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I sol atin roparticles fromthe water. In preferred enbodi nents, the
i organic ggf)\l’/égﬁtgh?s chosen from:the group of acetone, -acetonit™ 00143
-tetrahydrofuran, dinethylformanm de, and di nethoxy ethyl ene glycol.

n preferred enbodi ments the pol yester/pol ypeptide ionic nolecul ar

‘conj ugate is capable of releasing in vivo a therapeutically effective dose
of -a~bi oacti ve pol ypepti de over a perlod ¥ at | east 20 days and nore

et ot her
D et or rad enbod, rentadHie 15 Sl L GEERhERD (of 4R 1hR1d heletRiar
conjugate ,scggggggtg|ﬂ9pﬁ§ﬁgpga§he chemical interactions between the
1act1de/g1ycolide (malic type) copolymer and Somatuline
(BIM-23014) . _ |
5 Figuréfa;is a graph depicting the percent peptide
released from ionic molecular conjugates into PBS buffer
at 37°C over a 28-day period.

Synthesis
10 The biodégradable or absorbable polyesters of the
' invention are tailored to possess the desired chemical
reactivity to"pravide controlled chhin hydrolyzability
and exhibit’ makimum binding capacity to oligopeptides,
_ polypeptides or protezns having a net positive charge at
.15 physlologxc pH, by the proper selection of the
constituent monomers, co-monomers or comers to form
chains with. predetermxned compositions and molecular
weights (see, e.g. Fig. 2).
A tripartite synthetic design, within the ability
20 of someone ofrorQinary skill in this field, is employed
to preparefthe@compositions of the present invention.

- The steps inolmdei'(l) synthesis of the polycarboxylic
acid-tipped polyesters; (2) synthesis of the
polyester/polypeptide ionic conjugate by ionic

25 interaction of polyoarboxyl;o ao;d-tipped polyesters (or

' a polyester treated with a base) and biologically actzve
polypept;des,iabd {3) conversion of ionic conjugates to
implants, rods, mxorospheres or mioroparticles capable of
releasing ;n z;x_ the therapeutlc agent for at least 7

30 days. -

The polyoarboxyllc aoxd-tzpped polyester chains of
the 1nventlon are syntheslzed by methods such as dlrect

] .is Sheet Has Been Reﬂlaced :
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The, sustai ned rel ease conpositions of the invention are preferably made by
(a) provi WOhMWEESE| yest er having free COOH groups and a bi oa®drnssssneids
pol ypepti de having at | east one effective ionogenic am ne, and (b) :
ionically conjugating the polyester to the polypeptide to forman ionic
nol ecul ar conjugate, wherein at |east 85% by weight, of the polypeptide
present in the conposition is ionically aenjugated to the pol yester. The
pol yester can be one which has sufficient free COOH groups to begin with,

or, if an i nconflensation ofca S-hyddioxy agid and wa:d]aﬁﬂa-ﬁoxyltﬂte desi red

peptlde | oadiy “lacdld “&%e?*bi‘%ﬁrtht ]wa\ﬁ ted with
e.g. rrallcggrahgltralc acid hriough e?’%e | |cat|on oréj ‘%@lo’hz%%c

i nter change, PEPARSESac FdNg-PpeRing: polyaerizagion, otc aadiaphange a3y a(3) the
pol yest er canabtohecaigturiel, oz Zanetional 1H%@ﬂchta?xg@<m5% acid groups.

et o oBI RS BRBARA, pB1e yTRhESiadored KIS alcbar
m croparti cl weighpapbdyesterse{$ergFiig.vilyo Dhscpdb;ﬂepklde the I
e enoEbREASRLR:E: godyaie g8 BB BUL0RRIERTHEY7 11,
| actic these aforementioned methods fo llow.
Direct condensation of 2~-hydroxy acids in an
10 optically active and/or an inactive form and a
predetermined amount of a polycarboxylic organic acid in
- the presence or absence of inorganic, or organometallic
catalyst, e.g., condensation of glycolic acid DL-lactic
acid, and DL-malic acid is generally accomplished by
15 heating the monocarboxylic hydroxy acids or mixture of
two or more monocarboxylic hydroxy acid in the presénce
of a fraction of polycarboxylic hydroxy acid in a glass
reactor equipped for ptoviding a continuous flow of dry-
nitrogen and mass agitation (designated Type IA
20 Polyester, see Table I).' Typically, the polycondensation
is conducted at 150-170°C for 4 to 72 hours. Agitation
of the reaction mixture can be provided by a magnetic
stirrer or bubbling the nitrogen gas through the
polyester mass. The polymerization is continued until
25 the desired average hplecular weight (determined in terms
of solution viscosity) and/or acid number (determined by
end group titration) is achieved. Polyester analysis by
end gtoup titration is performed as follows. Polyester
samples (300 mg-500 mg) are accurately weighed and
30 dissolved in a minimal amount (10-30 ml) of acetone.
After dissolution, the solutions are diluted to 100 ml
with benzYl alcohol (Méllinckrodt, Analyticallkeagenty
and titrated to a faint pink end—point (phenolphthalein)
using potassium hydroxide in benzyl alcohol solution
35 (Normalized vs. HCl Standard). The volume of base

This Sheet Has Been Rerlaced




Substi t uwe Sbesesr - 13 Septenber 1996 acid, in the presencengbugymm
i c

. predeterm ned concentration of a polycarboxyllc hydr oxy acid

. acid or citric acid. The polyesters thus forned possess acid- tipped

. hydroxyl end groups which are-preferably partially or fully acid-tipped.
The polyesters al so can be synthesized by, catal yzing ring-opening

' polynerization of |actones, or by polynerlzation of cyclic nononers such as

[err]-capr Olﬂm%n Rréiéd)xpéh?f&e tg b&&ﬂﬁ&reﬂ with
1, 5- di oxepan- 2- one, an- one i n t presence of ~a chain
initiator, é"ﬁ““‘a ‘£ HA&yFIEVenRt Oblank (AVehotPer net hod of

synthe5|2|ngeuaﬂﬁﬂﬂESﬂnéuscid)nnmber for the polyester.

Acid # = W _ : :
5 ~ {AVs(ml) - AVo(ml)} x N of Base
At the conclusion of polymerization, the polyester is
isolated and extracted with water di a dilute agqueous
sodium hydroxide solution, from a suitable organic
solution to remove water-soluble or solubilizable low
10 molecular weight chains. -
Polyester analysis by GPC is performed as follows.
The qverage'molecular weights (MW) of polyester were
determined by GPC using a Waters Model 6000 solvent
delivery pump and a Dynamax (Rainin) model UV-D detector.-
15 Runs we:e_performed in tetrahydrofuran (Burdick & Jackson
uv gradéi using a Jordin Gel DVB 1000A, 50cm x 10 mm
column (Jordi Associates) at a flow rate of 1.2 ml/min at
25 C. Peak detection was at 220 nm and 1.0 AUFS. The
column was calibrated using narrow band polystyrene
20 reference standards (Polysciences Inc.) at Mw = 4000,
9,200 and 25,000.
A modification of the direct condensat1on process
entails the use of an organic entrainer and a cationic
. exchange resin as a condensation catalyst (designated
25 Type IB Polyester, see Table I). This process requires a
filtration and evaporation step to remove the catalyst
and entrainer, respectively. Typical examples of
polyesters made by these processes'and pertinent
analytical data are described in Table I.
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hydroxy acid wth a cyclic diner,
_ he presence of a polycarboxylic acid.
-synthetic nmethod involves reacting an organic polycarboxylic acid with a

chai n sy YQ@M13587

pr ef or med pol yester
aci d-ti pped pol yester

f ol

| owed by condensation of the open
PCTESSGO0A el

In the af orementi oned preferred enbodi nents the

has a car boxyl

t han one and approaching infinity (i.

arts cut a1 yf o KRR AR ey

l.s.rendered capable of formpng an ionic nolecular

a pol yester

end group ratio of nore

to hgdroxyl
t he hydroxyl

i mnating all

gBﬁ'g¥ner|zat|on bet ween 10 and 300, and in

TMME™R) and 50.

Al ternatively,
conj ugat e

with a bioactive

Pref erably,

t he po yester
synt hesi zed bxmglrect

de by treatment with a base,

CLYRERE

form and the,. poI ypepti de,

e.g. NaOH.

7po|ypept|de i oni c nol ecul ar conjugate is

medi um | n ather

interaction between the polyester, e.g., in the free
e. 0., chaRet e fF %ﬁﬁ‘,w he prop .l iquid
preferred enhadi nent s suitable sqgl vent S t e for nmat i on
of the conjugate woul d be a mixture aprotic solvent [e.qg., acetone,

t et rahydr of uran (Ufidetic acd athy|3870m gloyseah Ciod¥eioiniret haky

agg«a Sitable

sol vent for the [yseligaite g. wa§°~&ﬂ',or‘6§5€lﬁtﬁons such that the

2 L-Lactic Acid (883) 25.6 gm (0.25M) 165°C/22 hrs 820 0.14 27
Glycolic Acid 19.2 om (0.25M) '
Malic Acid 15 om (0.0110)
Type 18 Polyesters
3 L-Lactic Acid (88%) 25.6 gm (0.25M) 132°C/53 hrs 842 0.11 15
Glycolic Acid 19.2 om (0.25M) . _
Citric Acid . 2.13 gm (0.011M) Using Dean-Stark
Amberiyst Trap. Decanted,
Catalyst Beads #15 0.5 gm filtered in
Toluene _ 150 mt Acetone. Oried.
Yashed with
water. Vscuum
dried.
4 L-Lactic Acid (88%) 25.6 gm (0.25M) 132°C/68 hrs 1421 0.20 28
Glycolic Acid 19.2 gm (0.25M)
Matic Acid 1.5 gm (0.0114) Using Desn-Stark
Amberlyst Trap. Decanted,
Toluene 100 mi Filtered, Dried.
Washed with
water and Vacuum
Dried.

*Determined on e'q_iffemtial scanning calorimeter (TA 2100 0SC) using
2-10 mg sample ond hesting rate of 10°C/min in a nitrogen atmosphere

-

step-growth polymerzzation of acyclized
products, vhere a hydroxy acid is allowed to react with
cyclic dimers and subsequent condensatzon of the
resulting open chain system in the" presence of

5 predetermined. amounts of
presence or absence of a

a polycarboxylic acid and the
sultable condensatlon catalyst

e.g. glycolic acid, L-lactide and DL-malzc acid,

essentially the same as the condensatlon process
described above, except that it emg;pys a mixture of a

10
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monocarboxylic hydroxy-acid, a cyclic dimer of a second
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-7- two WOSMAsSssTare m scible. Preferably, the pol ypeptide ?ET@’ f a
0 to 3.5. ﬁgﬁéﬁ%.ly

nonocar boxy

t he pol ypepti de has at ! _ _ _
preferred enbodi nents the polypeptide is 1 to 50 percent by weight, and

preferably 10 to 20 percent of the pol yegger/ pol ypeptide ionic nolecul ar
groups of the

pol yest er arleymtyahbﬂdnééﬁaahin?drmhpahgk%ha AR34Qr Organic
g a

conj ugat e.

bases. Iny
chai n di sso

10

15

lic acid having a pKa greater than or equal t
| east one effective ionogenic am ne group.

In preferred enbodi nents, the accessible carboxyl

her _preferred embodingnts, th
ceoipafesrof B0 LitsEere nafig by,
analytical data are summarized in Table II. When the
cyclic dimer is pretreated with water the system is
treated as afgigple step-growth polymerization.

TABLE 11: STEP-GROWTH POLYNERIZATION OF ACYCLIZED PRODUCTS

| treatnment provides
1SoRrgFess @nd pertinent

Type I Polyesters
Polymerization

Polymer ; Acid -
# Charge Conditions # Tinh Tg,*C
1 L-Lactide Monomer = 10.0 gm (0.07M) 160°C/29 hrs 1200 0.21 20
Glycolic Acid C10.7 gm  (0.14M) Malic Acid . .
_ . 0.79 gm (0.00618)
2 L-Lactide Monomer ': 20.0 gm (0.139M) 25°C-155°C/1.5h 1800 0.13 rig
Glycolic Acid - 7.1 gm (0.093M) 155°C/70 hr |
1.01 gm (0.0075M) Dissolve in DCM

Malic Acid
. wash with water,
end dry jin vscuo.

'oet_erlined on & differential scanning calorimeter (TA2100 0SC) using
2-10 mg sanple and heating rate of 10°C/min in a nitrogen atmosphere

Ring_opéning polymerization of a lactone or
lactone mixtu:e:in the presence of a predetermined
concentration'offhydroxy-polycarboxylic acid as a chain
initiator and a:catalytic amount of an organometallic
catalyst e.g. a.mixture of L-lactide, glycolide and DL-
malic acid in tﬁe presence of stannous octoate employs
dry cyclic hond@ers or a mixture of cyclic monomers, a
hydroxy~-polycarboxylic acid and a trace amount of
stannous octoaté'}used as 0.33M solution in toluene),
which are traangxred under a dry oxygen-free atmosphere
into a glaséarQQQ§or equipped for magnetic or mechanical

stirring. The}éﬁiymerization-reactién is continued under

nitrogen following a suitable heating scheme until the
desired molecular'weight is achievedf(as measured in
terms of solution viscosity). At §h¢ conclusion of the

polymerization scheme, the tempera?uge is lowered and the

unreacted monomér_is distilled undé:éreduced pressure.
The polyester-mgss is then cooled and the water-soluble
Y A ’
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nol.ecul-ar | bi ndi ng sites. "Pol ypepti de", as used herein
trefers t oW in, peptide, oligopeptide or synthetic olig8f&
. "Pol ycarboxylic", as used herein, refers to conpounds having nore than one
i carboxyl group, e.g., malic acid and citric acid. "Aver age degree of
pol ymeri zation", as used herein, refers to the nunber of repeat nononer
sequences. "Effective i onogeni cTafn&", as used herein, refers to a

pol ypepti de that cqntains at .| east _one .am ne group capable of form ng an
i on” under pr &94i PPIGSVIAY; Mejght frac 1°9Ebi-—iﬁﬁ&9¥%éz£¥ ¥ herein,
refers to coxpapetatore egtraction ifeom ausuitable oridariicalsolution.

aci d-ti pped” S rgi_ng,.ref 0 [N i 1.-..9 rcent of
their hydrox§P%eﬁ§i§g3§§si§citg-eﬁ %%Z‘&td aﬁﬁm%'#. %3“]1@?6&2%3 tz'ie&?g' , as used
herei n, ref efbet nodespdandveightndsqthencdetexmingedodnottermsi ofhydr oxyl

groups ag d- jhRRgent viscosibydanyy the deid aumbesd ikegRternifled Byt O any
conpound cont ai_ni ng hydr.oxyl ,and car box;il groups.
end-group titration. Examples of *%olyesters prepared by

this process and pertinent analytical data are given in

Table III.
10' © TABLE 111: POLYESTERS MADE BY RING OPENING POLYNERIZATION
Type 111 Polyesters
Polymer Potymerization ' © Acid -
15 # Charge Conditions # Yinh 7g,°C
1 Glycolide 3.22 gm (D.028M)  120°C/0.5 hr 2,150 0.79 38
L-Lactide 10.7 gm 0.144) . 150°C/6 hrs
Malic Acid 0.79 om (0.0061M) - 120°C/1t hrs
2 Glycolide 2.8 gn  (0.0245M)  120°C/0.5 hr 1,206 0.08 26
20 D,L-Lactide 20.0 gm €0.139%) 180°C/2.5 hrs
: Malic Acid 0.876 gm (0.005418) 130°C/15 hrs - .
3 Glycolide 2.8 gm  (0.0245M)  155°C/% hr 937 0.10 27
D,i-Lactide . 20.0 gm  (0.139M)  185°C/2.5 hrs
gitric Acid 1.256 gm  (0.00654M) 190°C/2.5 hrs
25 . 160°C/13 hrs
4 .Glycolide 8.06 gm  (0.0694M)  180°C/% hr 970 0.26 23
0,L-Lactide 10.0 gn  (0.0694M)  185°C/2 hrs
Malic Acid 0.7 gm (0.00555M) 195°C/7 hrs
120°C/9 hrs

30 5 Glycolide 8.06 o= (0.0694M) 150°C/0.5 hr 10,138 0.39 30
0,L-Lsctide 10.0-om €0.0554N) 185°C/4 hrs
1,6-hexsnediol 0.656 gm (0.00555M) 150°C/1.5 hrs
: . 120°C/3 hrs

'netmimd on a differential scanning calori-e_:gr'__(nzwo BSC) using
35 = 2-10 mg sesple snd heating rate of 10°C/min in @ hitrogen atmosphere

“ln hexofLuoroisopropenol

_ Functional interchange of polycarboxylic or hydroxy-
polybasic organic acid with preforhed high molecular
40 weight polyesters with COOH/OH ratio of unity to
virtually zero, preferably in the'p;esence of an
organometallic catalyst, e.g. meltéfeaction of an 85/15
lactide/glycolide copolymer with afmolecular weight
greater than 5,000 and COOH/OH<1 with DL-malic acid in
45 the presence of stannous octoate,ﬂt@ produce the lower
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"Mynocar
i with one’'C
. "Pol ycar boxyl i ¢ hydroxy acid",

~with nore than one car boxyl group. (
refers to organic |iquids which codistil

- herein,
¢ "Bioactive",

bi ol ogi cal

her ei n,

eve

Q@§¥%h ydroxy acid", as used herein,
group and one or

refers to an organic acid

nor e hydr oxyl
refers to a hydroxy acid
"Organic entrainer”, as used

1 ze

: . AC
reaction tha °88€H}§rbyeﬂﬂn§fgﬁéﬂ?ﬁﬁers with QQQH/

as used herein,

group. - PCT/US94/00148

with water.

as used herein; refers to~al®olecule that elicits or affects a

as used herein, refers to a chem cal

entkaids  as used

r ef eheatingha hi@ﬁ“moleoular weight polyester with a
predetermined amount of polycarboxyllc or hydroxy-
polycarboxyllo -acid in the presence of a trace amount an
organometallxc_oatalyst such as stannous octoate. The
reactants'are-ﬁeated above 150°C upder dry nitrogen with
intensive aéitation until the funoéional interchange is
completed (as measured by depletlon of residual unreacted
In effect this is determined by
monitoring thefmolecular weight (in terms of solution
viscosity usinqioapillary viscometry at 28°C) of the
resultant lower molecular weight polyester and the
presence of unreacted polycarboxylic acid. This is
achieved by aqueous extraction of a polyester sample and
analysis of’ the ‘extract using high performance llquid
Residual monomer, dimer and
polycarboxylic: ac1d levels were determlned by HPLC using
a Waters Model 6000 solvent dellvery pump and a Dynamax
(Rainin) model UV-D detector (205 nm, 1.0 AUFS). Runs
wvere performed;using 0.025N Na,PO, buffer, pH = 3.5
(isocratic flow rate = 1.0 ml/min. }_using a Nucleosil
Ccig, 5 um, 25 cm x 4.6 mm column.

‘The desxred polyester is isolated and purified as
described above for ring—opening polymerxzatlon. An
example of a polyester ‘made by this process and pertinent
analytical data are given in Table IV.

10

15
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25

polycarboxylic acxd)

cnromatography (HPLC).
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fornatiogﬁf;yﬁvgﬂlyester by the condensation of two or nore nol ecul es.
' The pres tion provides a new pharnmaceutical conposi t PEH{UN4A0148

* chem cally bonds a bi oconpati bl e, biodegradabl e polyester to oligopeptides,
pol ypepti des, peptides and or proteins as a honbgeneous ionic species. By
chem cal |l y bondi ng pol yesters of different nol ecular weights to the

t herapeutic agents, the chenical charatt¥i3tics of the conposition can be
nore precisely tailored to neet the demands for the controll ed nonophasic

rel ease of tyjee i: PEreRs hdok s Fildr¥oRaL DdteNdRGEE | de nol ecul e .in vivo.

Furt her nore ...the nnmlrm':i_finn': of the invepntion are npfjm zed easily to

possess functi ongloe Y PRfkdekS fOr greater |oading of a therapeuti cal | y
active pglypeptide. ~ Other features and advantages of the invention
will be appdr fromthe foll Quing detailed de efigh Afidt he preéerred
enbodi ment s, nggl fromthe clai _rgi':'ff'e _B%;‘@Eescr%t "t g‘l"%t he

Dr awi ngs 1 BenringercACdl | & oL(30 EsETige Lyl 19ed JFERE his| NQ6MSONBES 08

pol ycarboxylic agiditi-ed | ackhigdg/ 9l ycQbeslemf Malic type) copol yner.

10 “Determined on a ditferential scamning calorimeter (TA2100 DSC) using
2-10 mg sample and heating rate of 10°C/min in a nitrogen atmosphere

“A catalytic amount of stannous octoate (2 drops of 0.33 M solution,
approximately 0.03 rmote).

15 among the other monomers suiﬁgble for the
synthesis of the polyesters used in the invention are: L-
lactic acid, DL-lactic acid, e-caprolactone, p-dioxanone,
€e-caproic acid, trimethylene carbonate, 1,5-dibxepan-2—
one, 1,4-dioxepan-2-one, glycolide, and meso-lactide.

20 Examples of a useful polycarboxylic chain initiators
and/or chain modifiers include malic acid, and citric
acid. | '

2) synth the | ster/po e ionic
conjugate y Lf_ _ tion po -] g

PP ed PO s S 1ENS ot 5 &7 . S5 - . g Ve DO LYE b hd = o

Th polycarboiylic'acidétipped biodegradable polyesters

described above are used to make an ionic molecular

conjugates with mono- or polycarboxylic ocligopeptides,

'ﬁolypeptides or proteins with accessible effective

30 iocnogenic aminggg?éués (see Fig. 2). Moreover, any
polyester is;réﬂdéred capable of forming an ionic
molecular conjﬁgate with a polypeptide provided it is
freated.with a base, e.g., 0.1N NaOH. Such treatment
exposes acid groups of the polyestér_for multiple site

35 ionic interaction with the cationic polypeptide.

Thus, the formation of thesé conjugates is
achieved by direct molecular interaction of the
components inzthe proper solvent ﬁith or without a
pretreatment of the polyester withwan inorganic base to.

25
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- 9- - wo syss@ure 2 is an illustration of an ionic nol ecul
deplctlng the chem cal interactions between the Iactlde/glyc %hkﬂgﬁ

type) copol yner and Somatul i ne (Bl M 23014). Figure 3 is a graph

. depicting the percent peptide released fromionic nolecular conjugates into
PBS buffer at 37[err] C over a 28-day pe;azd Description of the
Preferred Enbodi nents Synthesis" bi odegr adabl e or absorbabl e

pol yesters %aﬁ%i&vﬁ%'ﬂﬂn&iﬁqt 2at8' dphRiRgSE8SEnk"Bali¥ Wt e RSL

noted above,_the lonlc 1nteractlon of their ionic
conjugate components increases within the difference in
their pKa values.

5 The polyester is dissolved in a suitable aprotic
solvent in aioohoentration range of 2% to 20% W/V. Such
solvents should ‘dissolve the polyesters, but also be
partly mzsclble with water. Suitable solvents used for
this purpose ;nolude tetrahydrofuran, acetone, and

10 ethylene glyooj;dimethylether. Touthis solution, an
aqueous solutionfof base such as sodium, potassium or
ammonium hydroiide or carbonate is-added to maximize the
binding capaclty of the polyester. 1In general, the
amount of base added corresponds to the amount of acid

15 represented bg_;ne_counter-anlon level of the basic
peptide to be used. |

AfterVBgiefly mixing'the polyester-base
combination, anfaqueous solution of peptide or peptide
salt is addedf?ffpeptide/polyester’loading levels of 2%

20 to 50% W/W (pebtide/polyester) This mixture is stirred
for a period of time (up to 3 hours), and then the
solvents are’ renoved and the product is dried under
vacuum. The resultlng material may then be further
processed for dosage formulation. The resulting

25 pharmaceutzca, _ompositzons are des;gned to be
chemically uniform compositions made totally of ionic
molecular conjugates and are essentially devoid of
mlcroscoplcallymor macrosoop1cally dxspersed domains of
the active drug-in the biodegradable matrix. Examples of

30 prepared ionic molecular conjugates:and pertinent '

| analytioal'dataﬁére'qiven in Tableiy.




reactivity to provide controlled chain hydrolyzability and exhibit maxinmm
bi ndi ng ogp3’i1Essrt 0 ol i gopepti des, pol ypeptides or proteins ?é‘)‘)ﬂ@ﬁ/ﬁlﬁ?t

. positive charge at physiologic pH by the proper selection o he
~constituent nononers, co-nononers or conmers to formchains with

predet erm ned conpositions and nol ecul ar18e+ghts (see, e.g. Fig. 2).
Atripartite synthetic design, within the ability of someone of ordinary
skill inthis field, is enployed to prepare the conpositions of the present
i nvention. The steps include: (1) synthesi S of the pol ycarboxylic

aci d-ti pped ﬁﬁﬂ-&&sl%’ﬁs‘ﬂi@?} %ﬁé’ﬁ@‘@?“l"he poI yest er/ pol ypept | de ionic

: conj ugat e by—tomrc-rmteractTomrof—potycarboxytrc—actd—ttrpped—potyesters (or
. a pol yester Rolveatuedd Wi th a base) and bi ol regpiicl | y aawuhe pol ypeptices; and
(3) conversi

M cropar i cl es seapablsexid@faiyesli®@asi ng in viva. the thenapeut ic agent for at

| east 7 days. “:‘;)" esis of polycar boa lylic aci g"tl pped p(ggyest ers.

3 .
The pol ycar boxﬁhe o3 - ti pped pol yester ai ns of 2 8.5
.2 Poly L-Lactide 10 - 62
10 (Commercial) . ll 20 40
] ‘M) = Z.m ! :
Acid # = 850
3  Poly L-Lactide -1 10 54
: (Commerciatl)
15 ~ Muw Cave) = 50,000
: Acid # = 2100
& 48/48/4 Poly d,1-Lactide/ 1 20 3

Glycol ide/1,6 hexanediol
(Method [11)

20 Acid # = 10,138
ﬂim = 0.39
S 4974972 Poly L-Lactic/ 4 10 100
Glycolic/Malic Acid 1 20 99
{Type 18) I 30 5.5
25 Acid # = 1400 1 40 96.0
Njn = 0-20 1 50 .8
11 20 9.8
111 20 77.5
6 83.3/14.7/2 Poly L-Lactic/ 1 20 9
30 Glycolie/Citric Acid
{Type IA)
Acid # = 583
ﬂim = 0.2
7 49749/2 Poly d,1-Lectide/ 4 20 96
35 Glycolide/Malic Acid
(Type I1) It 20 3.9
Acid # = 1200
ﬂim = 0.21
8  48/48/4 Poly d,1-Lactide/ 1 10 90
40 = GlycolidesCitric Acid
(Typs LI}
Acid # = 589
ﬂ{m = 0.22

45 1 in all cases, conjugstes were formed as outlined in text using acetone as solvent and sodium
hydroxide as bese. All peptides used were in the acetate salt form. :

2 Peptides: I BIN-21003 o-rrpé-umn(pﬂlu-llh-Trp-m-ryr-o-trp-uu-krg-l'ro-cty NHy) pka = 10.1

. | ' |
50 I1 BIN-23014 (H N-8-0-Nal-Cys-Tyr-Trp-Lys-Val-Cys-Thr NH,) pks = 9.8
111 8IN-26226 (H,N-D-F5 Phe-Gln-Trp-Ala-Val-0-Ala-His-Leu-OCHz) pke = 8.0

3 % Retention: Measured by rinsing the dried polyester/peptide ionic conjugates with D.1. water
and quantitating soluble peptide in rinses by HPLC

Me. Pepti g - 0 §
55 % Retention = 100X x Wt. Peptide Loaded

een Replaced -
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the I nvenpio ody1ssge synt hesi zed by net hods such as direct
. - 10 - condensation of a 2-hydroxy acid and a pol ycar boxylic organlc‘%C|d
step-growt h pol yneri zation of acyclized products, ring-opening
: polynerization of a |lactone or a | actoneigi »ture, or functional interchange
. of a polycarboxylic organlc acid wth preforned hlgh nDIecuIar wei ght
i pol yesters (Seef3l.f exrmion of jomic : R :
- aci d-ti pped pobresbRaselY ok 'fterabare b 0---f1§' Q%S el
. Direct condessat on_o _jﬂgﬁqﬁOX agids_1n an op rcal y ac
" inactive forftanees L ROROPAE g
g;_;il_; The 1on1c con)ugate salts of the invention can be
5 converted to: (A) sterile injectable microspheres (with or
without 0.1 to 10% of a solid polyhydric alcohol as
processing aid)fcontaining 1 to 50% by weight polypeptide
that can released'according to an essentially monophasic
profile and to sustain pharmacological activity over a
10 period of one to 12 weeks; (B) sterile implantable films
made by casting, pressing or extrusion with or without a
pharmacologically inactive processing aid, and capable of
providing a release profile similar to that described in
(A) and; (C) sterile injectable rods made by extrusion or
15 pressing, capable of providing a release profile similar to
that described in (A).
=Vj se Assay:
Samples of the;éried and ground ionic conjugate material
weighing 50-mg§each were placed in 25 mm diameter
20 scintillation vials A 5 ml aliquot of modified PBS buffer
(PBS buffer: 2.87 gm Na,HPO,, 0.654 gm NaH,PO,, 5.9 gm
NaCl, 0.5 gm NaN;, Q.S. 1.0 Liter with Deionized water; pH
= 7.27.) was_added:to each vial and the vials were placed
in a Lab-Line Orbit Environ-shaker and swirled at 120
25 R.P.M. and 37°éarvials were withdrawn periodically and
decanted and replenished with fresh PBS solution. The
amount of released peptide was determined from the decanted

5Y

PBS solutions by HPLC.

30 A 50 mg samplef&fean ionic molecular'conjuqate was mixed
into 20 mls'of;metﬁylene chloride. The mixture was
sequentially eﬁtraeted with SO ml, 20 ml and 20 ml portions
of 2N acetic acid. The acetic acid extracts were combined
and analyzed for peptide content by high performance liquid'

35 chromatography (HPLC) . Peptide analysis by HPLC is as
follows. HPLC ana1y515 were performed using a Waters model
M-45 solvent delivery pump and an EM Science MACS 700
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predet er mi ned anount of a pol ycarboxylic organic acid in the presence or .
absence WP ¥$®fani c, or organometaliic catalyst, e.g., con |
glycolic acid DL-lactic acid, and DL-malic acid is generally acconplished
by heating the nonocarboxylic hydroxy acggs.or mixture of two or nore
nonocar boxyl i c hydroxy acid. in the presence of a fraction of polycarboxylic
hydroxy aci diéteetgraat watelengeRURRpefiml @hdPLovi AUrE.2 PeptiAE8Uweklow Of
dry- nitrogen. and JRSS agi%g%ion éde?gﬂnated Tége If Pol yes gr, see Tabl e
). Typicallﬁ?ntﬁﬁ ﬁglﬁc ﬁ _fgﬁPP h cBRBAEREAORE 15691*9P Prfep?or 4 to
72 hours. Ag2Scmi ®¥n406 minccolumni andnB@tuacetanibeipepol i8dTBX asmagnetic
stirrer or be@%fQﬂiEhélﬁﬁ-Eoﬁﬁffg?s t hrough the pol yester mass. The

pol ymeri zation I's continued untl he desired average nol ecul ar wei ght

(deterni Bed i n FRFIRWING Areidehnids c(Bakls GRU/of the dumuniiro (a8$aY ni ned
:)_yt enfl_ gr oupdém?etragingsmf haﬂaﬂﬁ% ofopupeiae alaaéasggowefggogéogaay
itration is perfor 0 er sanples. are
accuratel y W@gﬁﬁgg gﬁﬁ g?éigf%eﬂ§¥ﬂ°§£§f§$¥ﬁ?iégzﬂﬂil \B- gg%fyaﬁﬁ?acetone.
After dissol (Exampleh#8%pl 49t 4952 aLleLacticgGlycolo/Malic Sohatogtatlinshol
(Mal l'i nckro a | : Rea d, ] d [ L ng- poi nt
(V1| Nk OChumdP o4 Xh1 65 15 id1 dg 87 kkkkBLES, “ahdt 75. 813K 80
10 poly-L-lactide/glycolic/Malic:D-Trp®[LHRH] (Example #10)
ionic molecular conjugates. Fig. 3 shows the graphic
representation of these data.

TABLE VI IN-VITRO ASSAY DATA

15 OAY OF ASSAY PERCENT OF TOTAL PEPTIDE RELEASED
Exarple #3 Example #9 Exemple #10

1 5.5% 12.5% 11%

7 26.9% 21.3% 53%

1% 55.2% 47.3% 55%

20 17 84.4% 72.2% 50%
21 98.6% 82.5% 66%

2% 100% 98.2% S

28 ... 99.6% .-

25 g titat £ Peptid in Ionic coni !
Ionically bound:peptides in the conjugate products were
measured by dissolving 10 mg samples in 5.7 ml of a 9:1
mixture of acetone and 0.1M agueous trifluoroacetic acid.
The solutions were swirled at 25°for 15-24 hours and then

30 filtered through 0.5 um teflon filter cartridges. The

- filtrates were then analyzed for peptide content by high
performance liquid chromatography (HPLC). Peptide
analysis by HPLC were run using a Millipore model 717
Wisp Autosampler, a model 510 pump and a model 486 UV

35 detector set at 220nm. - Peptides were run on a
Lichrospher (EM Separations) 25 cm x 4.6 mm C18, 5 um
1004 column, flow rate 1.0 ml per minute using 35%
acetonitrile in 0.14% sodium perchlorate buffer as an
isocratic eiuent'system. Peptides were quantified by

' This Sheet Has Been Re[ilaced
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usi.ng pPoiAs 'Wydrom de in benzyl al cohol solution (Nornal b&?ﬁ'}sﬁmﬂd

- Standard). The vol ume of base

i - Substitute Sheet - 13 Septenber 1996 ' - 11 -

' solution used for the sanple ([err]Vs)=igi1conpared with the volume of base
used for. a solvent blank ([err]Vo) to determine the acld nunber for the
pol yester. comparisgwiqif#the av¢a of €heptertevt peak in the sample

e o i LR 004 ded Ot of EisBerel hOBeERUbUshBEl . o0 o &
dilute aquedﬂﬂésodlun1hydrOX|de solutlon froma suitable organic

Any of the: acld-bearlng polyesters/polypeptide

5 1on1e cenjugates described herein can be adnlnistered to
a recipient alone or in combination with a
pharmaceutical1y-acceptab1e medium. Although it may be
convenient to administer subcutaneensly, intramuscularly,
parenterally, by suppository or nasally, the therapeutic

10 'preparation is-administered in accordance with the
condition to be treated. The concentration of the
composition in the formulations of the inventxon will
vary dependxng upon a number of issues, including the

. dosage to be_admlnlstered, and the route of

15 administration.

Without furfher'elahoration, it is believed that
one skilled in the art can, using the preceding
description, utilize the instant invention to its fullest
extent. The following embodiments are, therefore, to be

20 construed as merely illustrative, and not limitative of
the remainder of the disclosure in any way whatsoever.

EXAMPLE 1 ~- DIRSCT CONDENSBATION METHOD -~ Synthesis of
50/50 Poly (D,L-Lactic-co-glycolic) catalysed by Amerlyst
1s o -

25 D,L-lactic acid (85% aquecus mixture; 13.7 gm, 0.13
mole) was mixed with glycolic acid (10 gm, 0.13 mole) was
mixed with glycolic acid (10 gm, 0.13 mole) in a round
bottom flask‘fittea'with a magnetic stirrer, a Dean-Stark
trap and a water: cooled condenser. Toluene (100 ml) and

30 Amberlyst 15 beads (100 mg) were added and the mixture
was refluxed under nitrogen for 72 Hours, removing water
from the mixturel}fThe mixture was cooled, toluene was
decanted from the solidified mass and the product was
dissolved in methylene chloride (250 ml). The methylene

35 chloride solution was treated with activated charcoal
(Darco, 500 mg), ﬁiltered and vacuum dried in a rotary

s

eaHmBﬁmRTbmﬂ

] Mt



soj ution r ve water-sol uble or solubilizable | ow nol ecul ar wei ght
",c.,h'ai ns. \&894;?5%0' yester analysis by GPC is perforned as fOMTRUSI4/UIAS

verage nol ecul ar wei ghts (MAN of polyester were determ ned by GPC using a

“Mat ers Model 6000 sol vent delivery pume ggd-a Dynanax (Rainin) nmodel WV-D .

“detector. Runs were perforned in tetrahydrofuran (Burdick & Jackson W

grade) usingNEMB@P!#¢r(£ITE!EPQDQQ#&eEOvasxfﬁﬁtn?:cafﬂaa ﬁﬂeggbhfgﬁocgaaeg)

cat a flowr 1 / g ol . PE e was_a nm and 1.

" AUFS. The cgfét}:n‘;nljn mggcﬁiﬁgéﬁ ﬁéiﬁgtﬁa#g#%a%d&ﬁﬁﬁsfﬁv fE-ref erence
standards (Pol ysci ences{Mam ANaCHOY;==4000, 8cid0#ard2239000g = 12°C)A

' rodification of the direct condensation process entails the use of an

or- - ' i oni i nsati on cat al yst
?gggpéﬁategér%ﬁ@&f% do'f%ﬁﬁ&c exchan&aégm nas Sr%gg;tm'.wa y
filtrati®n a9y 49/ Eaky mmm¢a¢wiﬁ1@ﬂﬂdﬁtcﬂﬁﬁ“ aﬁf'er '
respgctivelyuvﬂ%ggiqg(}ﬁ?anples of polyesters nmade by these processes and
pertinent analytical data are described in Table |
R Using a system similar to above L-lactic acid (88%
aqueous mixture; 25.6 gm, 0.25 mole) was combined with
glycolic acid (19.2 gm, 0.25 mole), citric acid '
10 monohydrate (2.33 gm, 0.011 mole), Amberlyst 15 beads
(500 mg) and toluene (150 ml) in a round bottom flask.
The mixture was heated with stirring_to'reflux for 51
hours, removing water by the Dean-Stark trap. The
toluene was decanted from the semi solid product. The
15 polyester was dissolved into acetone (300 ml) and
filtered and dried on a rotary evaporator. The solid
Polyester was then redissolved in methylene chloride and
was washed twice with water (2 x 150 ml) to remove
soluble oligomers. The organic solution was concentrated
20 on a rotary evaporator and the product was thoroughly
dried under vacuum to afford a white solid (see Table I,
Type IB Polyester, Polymer #4). ,
(Ninn in CHC1l; = 0.11, Acid # = 842, Tg = 15°C)

EXAMPLE 3 -- STEP GROWTH POLYMERIZATION METHOD

25 S8ynthesis of 73.5/24.5/2 Poly(L-Lactide-co-
glycolic/malic) catalysed by malic acid.

| Using a 150 ml capacity cylindrical ampule with an

air impinger fitting L-lactide (20 gm, 0.139 mole) was
combined with glycolic acid (7.1 gm}'o.093 mole) and

30 (d,1)-malic acid (1.0 gm, 0.0075 mole). The mixture was
agitated by bubbling nitrogen through the impinger inlet
(100 ml/min) and heated from 25°C to 155°C over 100
minutes. The reaction temperature was maintained at
155°C for 70 hours and the water from polymerization was

35 removed in a cold,tgap on the reactor outlet l;gg:mmégger

" “This Sheet Has Been Replaced'
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12 - L‘Eﬁé@%aYESTERS MADE BY DI RECT CONDENSATI ON METHOBCT/USI4/00148,

| A Polyesters Pol yner Pol yneri zati on Acid
Char ge ' : - 23 - Conditions # i nh
Tg,[err]C 1 L-Lactic Acid (88% 35.7 gm- (0.349M 100[err]C/ 0.7 hr
563 0. 2470 hotirs the reagtionc was ¢ooled tb ADWFU (dhdptdred into

165[err] C 12 éhglied stain?ersrs' gté(e'l receiver 35071—5 h%:(doenoi(}z%lM

solid polyester was then dissolved 1n methylene chloride
and was washed thce with water (2- x 150 ml) to remove

5 soluble oligomers. The organic solutxon was concentrated
on a rotary evaporator and the product was thoroughly
dried under vacuum to afford a white solid (see Table II,
Type II Polyester, Polymer #2). :

(ninh in CHC13 = 0,13, Ac1d = 1800, Tg = 27°C)

10 EXAMPLE 4 =~ RIﬁG OPENING POLMI%‘!IO!I METHOD =~-
Ssynthesis of 75125 poly(L-laotido—oo-glyoolide) initiated
by malic acid.

L-lactide (12.0 g, 0.0833 mole), glycolide (3.21 g,
0.0277 mole), malic acid 0.3042 g,'0.00227 mole), and

15 stannous octoate catalyst (0.33 M in toluene, 67 uL,
0.022 mmole) were added under dry nitrogen conditions to
a glass ampule with a magnetic stirrer. The system was
purged with N, and evacuated with vacuum several times
before sealing the ampule. The reactants were then

20 melted at 140°C and the melt was heated at 180°, 190°,

' 180°, and 150° for 1, 4.5, 12, and 2 hours, respectively.
After cooling to room temperature, the polyester was
reheated to 110°C under a vacuum of less than 1 mm Hg for
about one hour to remove monomer, recooled at room

25 temperature, quenched in llquid nitrogen, isoclated and
dried under vacuum

(7ynpin CHC1; = 0.20, Aciq'f-_# = 2560, Ty = 39°C)

EXAMPLE 5 ~=~RING. OPBNING POL!H!R:ZL&IOI METHOD--
Synthesis of 50150 poly(D,L-laotlde-oo-glyoolide)

30 initiated by citric acid. G

D,L-lactide (10 0 g, 0.0694 mole) was mixed with

glycolide (8. 06 g, 0.0694 mole), o1tr1o acxd (1,07 g,
0.00555 mole) and stannous octoate catalyst (0.33 M 1n
toluene, 84 uL, o 0278 mmole) under a dry nitrogen

35 atmosphere in a:glass ampule contalnlng a magnetic stirrer

_ __:Thls Sheet Has Been Replaced




L-Lactic Acid (88% 25.6 gm (0.25M 165[err]C/ 22 hrs 820
. YW dycolic Acid 19.2 gm (0.25M PCT/USH/MI4S Aci d
(0.011M Type 18 Pol yesters 3 L-Lactic Acid (88%

(0. 25M 132[err] C/ 53 hrs 24 - 842 ‘0.11 15
¢ Acid 19.2 gm (0. 25h@ Ctric Acid 2.13 gm
; s N A I Tr ap.
&ﬁ& Qeggégtﬁg?ﬁgegacu#l5 nﬁgg ¥§Lctants vere Feﬁfgpe I'n

heated atlggOﬁy 185°, 19;@@tan§ 1gprgdfor 1, 2, 7, and 9

.Ihhours respectivel The polyester was cool@lto Yasmum
= -lactic Acid § 132[err] /68 hrs

ed/() \ gm %o. 25M
: " pemperature, "quén in 15ghjdonitragen, isolated, 8RA(0. 25M)
chidried. 1.5 hm (0.011M Using Dean-Stark Anber | yst

ecant ed, (Nadr BR1; = 0.26, Acil’¥ U 970, 7, B L4SLG0. Dried

EXAMPLE 6 ~-RING OPENING POL!I!!RISL'!IOB METROD -~ Synthesais
- of 50150 pcly(n,n-lnctido-co-qucolidcj initiated by 1,6~
-hexanediol.
. Using a system similar to those described above, D,L-
lactide (10.0 g, 0.0694 mole), glyqolide (8.06 g, 0.0694

‘mole), 1,6~hexanediol (0.656 g, 0.00555 mole), and stannous
_ octoate (0.33 M in toluene, 84 ulL, 0.0278 mmole) were added
. under dry nitrogen conditions to a glass ampule which was
;5:subsequent1y sealed under vacuum. The constituents were
‘" heated at 150°, 185°, 150°, and 120°C for 0.5, 4, 1, 5, and
'3 hours, respectfully. The resulting polyester was
‘recovered and dried (see Table III, Type III Polyester,
Polymer #5). | |

(Ninnin CHC1; = 0.39, Acid # = 10,138, Ty = 30°C)

BXAMPLE 7 -~ FUNCTIONAL INTERCHANGE RB'I‘BOD - Synthesis of
-carboxylic-bearing 50/50 poly(D,n-lletidc-co-qucolido).

' 50/50 poly(D,L-lactide-co-glycolide) (Boehringer A001,
8.g), citric acid (0.8 g, 4.16 mmole), and stannous octoate
(2 drops) were added to a glass ampule-under dry nitrogen
‘conditions and sealed. The mixture was heated at 150° for
‘4 hours, cooled to room temperature;'quenched in liquid
nitrogen, isolated, and dried (see Table IV, Type IV

.- Polyester, Polymer #1).

(Nijpnin CHCly = 0.26, Acid # = 670, Ty = 23 C)

fnxanrnz 8 ~-- syntnncis ot a 49:49:2 L-Lactic/elycolic/ualic
(8ee Table I, Polymer #4) and D-Trp% [nnnx] ionic molecular
.conjugate.

Th:s Sheat Has Been Relilace

i | IIIIII III 1




: wat er n
wa WO 94/15587 _ _ _iﬁgﬁﬁﬁ%ﬁ#ﬁ
shed o "Determined on a differential scanning colori 8100

Dried. . | o
- DSC SHe - le and heating rate of 10[err]C/mn in a
2- 10 M sanp Step2grewt h pol yneri zation of acyclized

droxy_acid is allowed to react wwth cyclic diners and
-products rar'g‘g i B9 ﬁ%eﬂf%shrmq'giomhycbna/guﬁemtBsmthEs%grae“Ce
subsequ t resence
of predeterby mwbmndﬂis&ﬂ&'l}’%ngylfﬁ achglﬁ?/col ?gzg@ ¥38, | acti de

-absence:of %ﬁ&&dﬁé s%lgnff tl“?ﬁ Cat%ﬁs(hg ébﬁlﬂ%ndﬁtAnalptmcess

and’ DL=mal i ¢ "acl
descrl bed ampgen;;oc.epth tpmrtidn b | OYIN Ssdd ki By@FoRide solution

(1.14 ml) was added and the mixture was stirred at room
- temperature for 15 minutes. A solution of 100 ng of D—Trp6
[LHRH] (BIM-21003 Peptide I; base content 87%, acetate
-content 7%) in 1.0 ml water was added and the mixture was
..~ stirred for 1 hour at room temperature. The solvents were
}iio then removed, first by Rotovap at T<40°C and then in a
o desiccator for 1 hour at room temperature under 1 mm Hg
vacuum. The dried solid was triturated- and stirred in 100
- mls of deionized Water and isolated by filtration. The
<. aqueous filtrate was tested by HPLC and found to contain <1
"°-;;mg soluble peptide. The solid material was dried several
:-'days in vacuo to give 540 mg of white powder. The powder
 was used in an jin vitro assay (see Table VI, Example #8).

- EXAMPLE 9~- Synthesis of a 49:49:2 L-laotio/quoolio/malio,
LTj“'ooo Table I, polymer #4) and Somatostatin/Tumor Inhibiting
71;ﬂ13na1oguo ionic molecular conjugate.
L 100 mg of 49:49:2 L-Lactic/Glycolic/Malic (synthesized
"':by direct condensation; Mw = 9,500; Acid # = 1420) was
dissolved in 2mls of acetone (Mallinckrodt Analytic
. :;: Reagent). A portion of 0.1N sodium'hydroxide solution
:f-leS] (0.32 ml) was added and the mixture was stirred at room
. % temperature for 1s minutes. A solution of 20 mg of
;- ‘Somatostatin/Tumor Inhibiting Analogue (BIM-23014 Peptide
'ff II; hase content 83%, acetate content 9.8%) in 1.2 ml water
;was added and the mixture was stlrred for 1 hour at room
"';;temperature. The solvents were then removed first by
"Rotovap at T<40°C and then in a de51ccator for 1 hour at
Troom temperature under 1l mm Hg vacuum. The dried solid was
' triturated and stirred in 20 mls of ionized wWater and
flsolated by filtratlon. The aqueous iltrate was tested by
G;E;HPLC and found to contain <0.05 mg soluble peptide. The
:f__solld material was dried several days in vacuo to g1ve 106
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nunocarboxylic hydr oxy-acid, a cyclic dinmer of a second

- 13 - acid, and a hydroxy pol ycarboxylic acid. Ex
pol yesters mia%*’ by this process and pertinent anal yti cal 'gs’%"ﬁ;“
sumari zed in Table Il. When the cyclic dimer .is pretreated with water the
'systemis treated as a sinple step-g~owigh-pol yneri zation. TABLE 11
STEP- GROMH POLYMERI ZATI ON OF ACYCLI ZED PRODUCTS _ TyPE 11 Pol yesters
mg of white powder. The powder was ground and used in an
in vitro release assay (see Table VI, Example #9).

EXAMPLE 10 -~ Synthesis of a 73.5:#{,5:2 poly L-
laotido/glycolio/ialio (see Table II, ses polymer #2) and
5 D-Trp® [LHRH] iomic molecular conjugato.

800 mg of 73. 5:24.5:2 poly L—lactide/glycolzc/malxc
(synthesized by step growth of acylized products; Acid# =
1800) was dissolved in acetone (16 ml). A portion of 0.1N
sodium hydroxide solution (2.8 ml) was added and the

10 solution was stirred at room temperature for 20 minutes. A
solution of 200 mg of D-Trp® [LHRH] (BIM-21003; base
content 87%, acetate content 7%) in 2 ml water was added
and the mixture was stirred for 90 minutes. The solvents
were removed and the resulting solid was triturated in

15 deionized water as in Example 8 indicating less than 1%
soluble peptide salt present. The isolated solids were
dried 4 days in !aggg to give 839 mg of white powder. The
powder was ground and used for jin _1;;_ release assay (see
Table VI, Example #10).

20 EXAMPLE 11 -~ Formation of Peptide-polymer Ionic Conjugate
Microparticle 1.50 of L-lactide/glycolide/d,l malic acid
‘polyester (65; 33; 2). h

_ Conjugates wgre synthesized by rﬁng opening
polymerization asfin example 4 (MW = 4700 polydispersity =

25 1.3 as determined by GPC on a Jordi Gel 50 x 1 cm mixed
linear bed column, THF eluent, Wyatt Mzni Dawn light
scattering detector dn/dc = 0. 05, acxd #1475 by titration,
Tg 42°C}], was dlssolved in 40 ml of: acetone. The acid

, groups were neutralized with 2.0 ml.o: 0.5 g of BIM-23014

- 30 (peptide content 83.7%, acetate conteﬁt_ll.s%) in 20 ml of
Milli-Q water was slowly added with'ﬁiking to the polymer
solution. An additional 40 ml of acetone was also added
portionwise during the peptide add1t1on to prevent
precipitation. The clear, colorless solution was stirred

35 - for one hour and then evaporated to dryness under vacuum.

Thls Sheet Has Been Replac
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r Pol ymerization Acid #
ek 'W%g?],(ljsls'ts‘i’ons i nh Tg[err]C 1 L-Lactide MPCIVRISS4/0188 gm

Charge _ i ! ’
: M7 160 29 hrs 1200 0.21 20 dycolic Acid 10.7 gm

| | %/gloi[gr,rb\]cicé - £ 79 gm (0.0061N) 2 L-Lactide
'20.0 gm (0.139M 25[err] G- 155[err]C/1.5h ~ 1800 0.13 27

follbe Eesuyting (hit¥ol1d Wi ¥éd{ddOita in a'ilifulfidr I 0

agi(eo 9@75'\/}"0 W1°%Y Yedtbnd e 2 0 PLMLI R daker to foxm e n¢hearon a
“differenti aPodukiomg Gbisr |sq1util(om W%tﬁ,ngzslpa ear eo Z 3P wff&qpl e
e ”gg%%r*?z";?.‘%ﬁ’[ a ety st ifad MOl B 9ha M LR of
predet er AceonaEnds’ &m oRhef pﬁ»}am@tymt,im omp Tie Meﬂ%@ﬂﬂéﬂ
i ni.tiator aimimedd:at&llyt uﬁtanauagloi,a&i@rlwqﬁtrp HJ’ | nat%ﬂ:t q}&)@s éﬁ't% o

- 1 c acl
gg;ﬁgﬁsogc ;)a e* en%fesg @glifaggc?-ﬂe ﬁﬁﬁﬁgr £o3; 39 min atec4sf, &he ic
mononers, FeFidry- pokponebvasl removed ander reduted Prabstire and the

.+ . solids were isolated by centrifugatlon, resuspended with
' _”'go_ 100 m1 of Milli-Q water, and recentrifuged. The isolated
Y solids were dried by lyophilization to give 1530 mg of
.. .white free flowing powders. Particles ;ize range = 2 - 100
... .pm. The Tg of the ionic conjugate was shown to occur at
. -+ 83°C. Total residual (unbound) peptide in all aquecus
3'_'i§: _supernatents’was found to be 63 mg by HPLC analysis. The
L total initial peptide content was determined by elemental
‘nitrogen analysis to be 19.9% by weight. The percentage of
extractable peptide from the conjugate was determined to be
. - 7 16.9%, by weight, using the acetone/0.1M TFA extraction
”Hf‘iﬁf technique. The resulting conjugate, thus, retains 84.8%
"3?;_ionic (extractable) character.
_ : From the foregoing descriptioen, one skilled in the art
'"”;fggcan easily ascertain the essential characteristics of this
v~ invention, and without departing from the spxrit and scope
=2$?5 thereof, can make various changes and modifications of the
f;;'lnvention to adapt it to various usages and conditions.
.- Thus, other embodiments are also within the claims.

What is claimed is:
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stannous octoate (used as 0.33Msolution in toluene), which are transferred

under - a v ya/psggpen-free atnosphere into a glass reactor eq fqs

nagnetﬁc.or nechanLgaL___lrrlng The pol ynerization reaction I's contl nued

L .under’ i trogen f-ol l.ow ng d . suitabl e heating scheme until the desired

 rnolecular. wei gh(l"m” ' measurd® 4 n terns of solution viscosity).
At it he. concl usi mmmw i.zation scheme, the tenperature is |owered

and the unr eaet-ed - rfonémet 18- stllléEJUdEbr reduced pressure. The

pol yester mass is then cooléd and the water-sol uble
- 14 -

1. A composition comprising a polyester containing
one or more free COOH groups ionically conjugated with a
s biocactive polypeptide comprising at least one effective
-jf'jsf 'ionogenic amine, wherein at least 50%, by weight, of the
i . polypeptide present in said composiﬁion is ionically
‘conjugated to said polyester.

2. The composition of claim 1, wherein said
o polyester has a carboxyl to hydroxyl ratio greater than
10 one.

S 3. The composition of claim 1, wherein said
'*-polyester is ccmposed of a member chosen from the group
of L-lactic acid; D-lactic acid; DL-lactlc acid; e~
i+ caprolactone; p~dioxanone; e-caproic.acid, alkylene

5 ' oxalate; cfcloalkylene oxalate; alkylene succinate; 8-
L hydroxybutyrate; substituted or unsubstituted |
trimethylene carbonate; 1,5-dioxepan-2-one; 1,4~dioxepan-
2-one; glycolide; glycolic acid; L~lactide; D~lactide;
. DL-lactide; meso-lactide; and any optically active
" - isomers; racemates or copolymers thereof.

_ 4. The composition of claim 1, wherein said
%Y polyester is partially acid-tipped with glutaric
¢ anhydride.

i

SURTR iy 5. The composition of claim 1, ﬁherein said
ef12§£_polyester is fully agid-tipped with q;ﬁtaric anhydride.

6. The compoSLtlon of claim 1, whereln said
polyester has an average degree of polymerlzatlon between
.10 and 300.

This Sheet Has Been Re
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_ e d by I ow tenperature extraction
[ ow nol e [ th "T s are removed | : o
': o %# %ﬁ | e solution is then dri edpgpgfishilgor
| LLF\T&S‘S?E,EDVG&Q _.,ec UMJ”M. ght is then det elram neg interme ol
" inhe Vi ty ‘and the acid nunber_is deternined by end-gr

LP??at dnyléggiélgs of polyesters prepaf@ by this process and pertinent

e : : : YESTERS MADE BY RI NG
anal yti.cal data are G'h&e&ohﬁo%?%g‘fap: :pr(ﬁ%g'(l_gwls I%RI;O@ aaid

gng lrrsﬁzp e% i’{%ﬁ@é@ll"%‘s Acvdsgosity of about 0.0sChange about. Gpndi tions
oor) o o TR en1bEbLar dagl iiCaverage dod el velghes o oo
12@[erpLC¥0 ° 200 - 48098Pr1 6 hrs Mal i ¢ Acid 0.79 gm

0.7 gm  T074and PP i 2.84 gm  (0.0245M
(0.0061INM)  120[err]C/ 11 hrs 2 dycolide .84 g .

SR : 0. 08 26 D, L-Lactide

t$C/ 0.5 hrg, i 6 : . 2
| %éogeéms {0 1300 The ('i%%‘[’%?‘r‘%’é’g.%f hFiaimpiy¢heredn said ((). 8764%
(0 0081y Plénseide i ot oaet 1 <o S0 Jpddctnt or (fofRf* )
155[ err].C/ welight of said ionic S¥lecul con3 . ’ .
gm--[ | ;.]('o.'lfgl\% 185[err]C/2.5 hrs ﬁ_tru%%ﬁe 1.256 gm
(0.00654M) 190[err]C/ 2.5 hrs o .
o L 9. The composition of claim 1, wherein greater than

85% of said polypeptide pPresent in said composition is

ib- ionically conjugated to said polyester. .

B 10. The composition of claim 1, wherein saig
'-f?:ypolypeptide is chosen from the group consisting of LHRH,
é;ffsomatostatin, bombesin/GRP, calcitonin, bradykihin,
?ﬂ3;ga1anin, MSH, GRF, amylin, tachykinins, secretin, PTH,
'CGRP, neuromedins, PTHrP, glucagon, neurotensin, ACTH,
_GHRP, GLP, VIP, PACAP, enkaphelin, PYY, motilin,
;fﬂfSubstanqe P, NPY, TSH, and analogs or fragments thereof.

: 11. The composition of claim 1, wherein said ionic
" conjugate is capable of releasing in vivo a

' therapeutically effective dose of said polypeptide over a
"' period of at least 7 days.

. 12. A method of synthesizing a composition
E: comprising (a) providing a polyester and a'hioactive
' JV;polypeptide having at least one effective ionogenic
iﬂfamine, and (b) ionically conjugating said polyester to
7Qﬁsaid Polypeptide to form an ionic molecular conjugate in
é . which the polypeptide is ionically conjugated to the
- polyester. S

o 13. The method of claim 12, wherein at least so0%,
30 “by weight, of the pPolypeptide present in the composition
i .is ionically conjugated to the polyester.
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seorerr)ciia i HUMHIHIMANAN o cc g co:oooam  asorercicia ne

hrs_;g&ﬁ]ic-Acid 0.74 gm (0.00555M) 195[err]C/ 7 hrs
120[err]C/9 hrs 5 dycolide 8.06 gm  (0.0694M 150[err] ¢/ 0.5 hr
10; 138 . 0.39 3 D, L-Lactide®® = 10.0 gm  (0.0694M

0 _
185[err] C/ 4 hrsl4_1,6TBEé?§%ﬂbal8f0%1§§§i?$ghg§?%§ﬁ§g ﬁ’i150[err]C71.5 hr s

120[err]C/ 3 hrs rermne _ ng col ori neter
(TA2100 DSBplyesters possessg)agidsiippedahydnoxylnendagrouwpslo[err]C/nin in
a nitrogen atnosphere **in hexof | uuroi sopropanol

Functional interchange of pol ycarboxylic_or hydroxy- pqlybasic organic acid
wi th preforned hPgh ﬁBFeE& Pdweﬁgﬁiaﬁﬁl}éstEﬁgrﬁﬁﬂhSEEeHPQﬁrpﬁNﬂo of unity
to virtual éndzgroupgr arer paryiadlyhacpgeteppedoirieh guatagdetal lic

cataly§t, . nfé%-reaction of an 85/15 | actide/glycolide copolynmer with a
nol eculTar &Eﬂ%ﬁf gater than 5,000 and COOH/ OH<1 with DL-malic acid in the

presence of stannous octoate, to produce the |ower
_ 16. The method of claim 14, wherein said hydroxyl
.- end groups are fully acid-tipped with glutaric anhydride.

_ 17. The method of claim 13, wherein said polyesters
;i are synthesized using hydroxy polycarboxylic acids chain
10° initiators.

18. The method of claim 13, wherein the hydroxyl
-end-groups of said polyesters are acid-tipped.

| 19. The method of claim 18, wherein said hydroxyl
f§~end-graups are partially acid-tipped with glutaric
.15";anhydride. '

: 20. The method of claim 18, wherein-said hydroxyl
‘end-groups are fully acid-tipped with glutaric anhydride.

| 21. The method of claim 13, wherein the synthesis
‘. of said polyester results in an average degree of
20  polymerization between 10 and 300.

o 22. The method of claim 21, wherein said polyester
- has a carboxyl to hydroxyl end group ratio greater than
- .. one.

This Sheet Has Beer;
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-ar wei ght pol yester ! . OPOFARS
Hngecgl?rpolygarngylic acid in the presence of a %Lacfegg?ants N o heat ed
_y,rooﬁéta||ic catal yst such as stannqp§lgg}oa;e. etation nis are
gggsg 150[err]C under dry nitrogen withmtensive agi
functional -int er @3ang@hes mlIEed )

ured by. depl etion of residual _
; = f e%ﬁgﬁiﬁ;ﬂwmﬁﬁggﬂnﬂﬁnﬁhﬂgiggngnwntorlng
unr eact ed Pah&%?&%ﬂﬁ%ﬁ "?%Pﬁtgémémiw,immﬁm@ﬁd :Oglr Y ester
the nolecul ar . . - | ar weig
Vi SCOMBLTY gpmggﬁgppPCXadfdpssoivinbtehh petyestere Gy
and the . tetrahydrofuran, acetone, or ethylene glycol
I 5 - dimethylether followed by adding a base; and (b) adding
:  - an aqueous solution of a polypeptide or salt of a
' Ppolypeptide at polypeptide/polyester loading levels of 2%

to 50% w/w (polypeptide/polyester).

24. The method of claim 23, wherein said
10 Polypeptide is a salt of an acid having a pKa greater
than or equal to 3.5 '

25. The method of claim 23, wherein said _
~ polypeptide comprises 1 to 50 percent by total weight of
- 'said ionic conjugate.

15 . . 26. The method of claim 23, wherein greater than
-85% of the said polypeptide Present in said composition
is ionically conjugated to said Polyester.

27. The method of claim 23, wheﬁein said reaction
.. results in the formation of an ionic'bgnd between said
20 reactants. |

28. A composition made by the process of claim 12.

g 29. A method of synthesizing a microparticle
-comprising (a) dissolving the composition of claim 1 in
an aprotic, water miscible organic soiqgnt;_(b) mixing
+ 25  'said organic solvent in water; and (c) :isolating said
" microparticles from said water. |

- 30. The method of claim 29, whefggn said organic
-solvent is chosen from the group cbnsié@ing of acetone,

acetonitrile, tetrahydrofuran,Vdiméth?lformamide, and
© 30 dimethyoxy ethylene glycol. :

T
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presenre~of Unreact®d pol ycarboxylic agid. This is achieved by agueous
.extractrmn_of a palyester sanple and;apal ysis.of the extract using high"

OFI i:d’chromat ogr aphy (HPET). Resi dual nononer, diner and

Xy ‘acid level s were deterti-ned by HPLC using a Waters Model
- : ent deli'very punp: and- a Dynanax (Rai ni ny"model UV-D detector (205
- om0 AURS) - Runs wer:e: per f.ormed using 0.025N Na[err]PJerr] buffer, pH =
3.5 (|socrat|c fIOW/rate - 1.0 mM/nin.): using a Nucl eosil C18,” 5 um 25 cm
"X 4.6, my.col um. ~*~Tﬁe esired pol yéster is isolated and purified as
escr i‘bed above for™ r|ng o eni.ng pol ynerization. An exanple of a-polyester
: o _Lnent analytlcal data are given in Table IV. "

: | Typo Polymers of Pol carboxylie
Laciate ‘G"“'%t.?npp-g Chalhs e

e

mmx

fin
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e dyrew o, ———. FRANK B. DEHN 3 Co.
- 16.-. TABLE 1V: PG_YESTERS I\/ADE BY FUNCTI ONAL | NTERCHARE248 ev7s Type&s| V
Pol yesters Pol yner . _ Polynerization Acid.. #
Char ge Conditions # i nlg, 3Tg [err] C 1 Boehringer -AO01 8 gm .
(50/50 di - Lactlde/Gycollde) 150[err]C/’5 hrs 670 0.26 25 Ctric
Acid** - 0.8 gm (0.000417M *Determned on a differential scanning
calorinter (TA2100 DSC) using - 2-10 ng sanple and heating rate of
10[err]d mi-n in a nitrogen atnosphere -. ° A catalytie anount' of st.annous
octodte (2 drops of 0.33 Msolution, " approximately 0.03 nol e) .
Anong the other nononers suitable for the synthesis of the pol yesters used
in the invention are: L- lactic acid,” DLl actie acid, [err]-caprol actone,
p-.di oxangne, [err]-caproic acid, tri math | ene car bonate 1, 5- di oxepan- 2- -
one, 1,4- di oxepan-2-one, glycolide, and ‘treso-| actide. Exanples of a useful

pol ycar boxyl | c chain initiat orianmcammmmm

I
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_and#vf'-(mal rre*rodi f i*et*S 1™AcT"0de mali-c, acid, and citric acid. S (2)
Syht hesi's of the pol yester/pol ypepti de ionic conjugate by ionic interaction
of polycarboxylic acid- ti ‘pped polygst rs -and .bi ol ogi cal l.y active.

pol ypepti des. The pol ycar boxyl ic acid- i pped bi odegr adabl e poJ yesters -
descri bed above are used to nake .an'igonic nol ecul ar conJ ugates with-nono-
or pol year boxyl ic oli gopepti des, pol ypept i des or proteins with accessible
ef fective ionogenic am ne groups (see. Fig. 2). Mreover, any .pol yester is
rendered capabl e of form ng an ionic.- -myl ecul ar conj ugate wi th a-polypeptide
provided it is treated with a base, e.g., 0.1N NaOH. Such treatnent exposes
acid groups of the polyester for multiple site ionic interaction with the
cationi c pol ypepti de. Thus, 't he.formation of these conj ugates is
achi eved by direct nolecul ar int eractlen of the conponents in the proper

solvent -with or without a pretr f myﬂbﬁnlﬁ ‘an 1norgan| c
base to: - . ﬁﬁﬁiﬂo:ﬂm @37 ¢
INTO' Pii

tfmau
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~ -717 - maximze its binding rate capacity to the basic drug. As noted

-~ above, the ionic interaction of their ionic conjugate conponents increases
wi.thinthe difference in their pKa val ues. The pol yester is
di'ssol-ved in a suitable aprotic solvent in a concentration range of 2%to
20% WV © Such sol vents shoul d di ssol ve the pol yesters, but also be partly

- miscible with water. Suitable solvents used for this purpose include

; tetrahydrofuran, acetone, and ethylene glycol dimethylether. To this
sol uti.on, an aqueous sol ution of bag®SIRACPRS sodi um potassium or ammoni um
hydroxi de or carbonate is added to maximze the binding capacity of the
pol-yester. |In general, the anpbunt of base added corresponds to the anount

of acid 1 epr esefbRicOMOIRCTIARS CORIBE IS Of BIGPEERADARM | de to be
used. - POLYESTERS AND BIOACTIVE POLYPEPTIDES

Disclosed is a sustained release pharmaceutical composition. The
composition includes a polyester containing a free COOH group
ionically conjugated with a bioactive polypeptide comprising at least one
effective 'ionogenié amine, wherein at least 50 % by weight, of the
polypeptide present in the compb's_ition is ionically conjugated to the
polyester.




After briefly m xi ng the pol yester-base conbi'nati on, an aqueous solu?loﬁﬁof
pepti de sarT d at peptlde/polyester | oading | evel s of 2%
to 5096VVVV(pept|de/peT@%@LSﬁﬁﬁfThls mxture is stirred for a period of
time (up to 3 hodrs), and then|the solve ved S
dri ed under vaqugm‘t&'m‘.l”r@gﬁlt np materl g"‘%ﬁg&&eh an‘fd?é rrﬁf%“ﬂ%@%

for dosage forduliati on. The repujting p rnaceutlcal conp03|t|ons are
destgned to be c%@ﬁrtarry“UﬁTTDr71conp05|t|ons made totally of ionic

pepti degor

nol ecul ar

conj ygates and are esspntially devoid of m croscopically or

macr oscopi cal | y di spersed donalns of the active drug in the biodegradable
"matri x. Exanples of prepar PRULAR donSBRRweal €S and pertinent

anal yti cal dgia:A

This invention pertains to éﬁstained release of

‘bioactive polypeptides.

Many drug delivety systems have been

developed, tested and utilized for the controlled in vive

release of pharmaceut: zal compositidns.. For example,

‘pPolyesters such as poly (DL-lactic acid), poly (glycolic
acid), poly(e- caprolactone) and various other copolymers

have been used to release biologically active molecules

.'such as progesterone; these have been in the form of

microcapsules, films, or rods (Pitt £G, Marks, TA, and
Schindler, A. 1980). Upon implantation of the

Polymer/therapeutic agent compositidn. for example
‘subcutaneously or intramuscularly, the therapeutic agent

is released over a specific period of time. Such

- biocompatible biodegradable polymeric systems are

‘designed to permit the entrapped therapeutic agent to
diffuse from the polymer matrix. Upon release of the
therapeutic agent, the polymer is dggraded in vivo,
-obviating surgical removal of the'iﬁplant. Although the
factors that contribute to polyﬁer ¢§gradation are not

well understcood, it is believed that such degradation for
polyesters may be regulated by the access;bxlxty of ester
linkages to non-enzymatic autocatalytlc hydrolysis of the
polymeric components.

Several EPO publications and Us Patents have
addressed issues of polymer matrix design and its role in
regqulating the rate and extent of 1e se of therapeutxc

agents in vivo.

e e e e W,

OF RECEIPT.. M. ...,




TABLE V-
Pept ddefer r]
% s

10

25

73 i nh
48.5 2

62 (Co
40 Mv

Acid # = 22,008

-} ONI C MCOLE

j? PTI DE Bl NDI NG Pol ymer Used
AL Retention[err]

éo%rﬁ 1§+/};1l )70t i de/ d ycol i de

47

= 0.53 -2 - 111 20

' 10
Poly L- L%%r exanple, Deldca (EPO Publxcatggp 0 467 389

nmer ci al )
(22 £yniv2of0Bentucky) describes a physical interaction

between a hydrophobic biocdegradable polymer and a protein
or polypeptide. The composition formed was a mixture of

a therapeutic agent and a hydrophobic polymer that

sustained its diffusional release from the matrix after
introduction into a subject.

Hutchinson (US Patent 4, 767,628/ICI) controlled
the release of a therapeutic agent by uniform dispersion
in a polymeric device. It is stated that this

1

Substitute Shqqt -13 Septembg; 1996

formulation provides for controlled continuous release by -

the overlap of two phases: first, a diffusion-dependent
leacliing of the drug from the surface of the formulation;
and second, releasing by aquecus channels induced by
degradation of the polymer.

o a venti
In general, the invention features a sustained
release pharmaceutical formulation composed of a
polyester containing one or more free COOH groups

. ionically conjugated with a biologically active

polypeptide composed of at least one effective, ionogenic
amine wherein at least 50%, by weight, of the polypeptide
present in the composition is ionically conjugated to the

" polyester.

In preferred embodiments, the polyester is
modified to increase the carboxyl to hydroxyl end group
ratio from more than one and approaches infinity, i.e.,
all of the hydroxyl groups can be substituted with
carboxyls. Examples of suitable polyesters are those
originating from compounds such as Léiactic acid, D-
lactic acid, DL-lactic acid, e-caprolactone, p-dioxanone,
€e-caproic acid, substituted and unsubstituted
trimethylene carbonate, 1,5-dioxepan-2-one, 1,4-dioxepan-
2-one, glycolide, glycolic acid, L-lactide, D-lactide,

20



Acid #= 850 3 Poly L-Lactide ' 1
10 54 (Commerci al ) Mv (ave) = 50, 000 Acid # = 2100

4 “48/48/4 Poly d, 1-Lactidel - 20

43 G ycol i de/ 1, 6 hexanadi ol (Met [J1). AcCi = 10, 13
[err]inh = 0.39 5 49/49/2 Poly L-Lacti Ubstitlts sheef 1% §eptem0bq.' foge
10 100 A ycolic/Malic AT 1

20 _ )s

30 DL lacgggg, mggggi§%§59e14a&kylene oxalate, cycloalkylefe 1

40 oxalates;. 8lkylener shicqinagey0 (#~hydroxybutyrate), and 1

28 : opticgg%§8active isomers, racemates or copolymers of anylill
20 ~ Of thejabgves Ofhey heterochgin polymerny related to 1
20 traditfénal p6llyestiersCmayi aldo e used (e.g.,

polyorthoesters, polyorthocarbonates, and polyacetals).

Preferably, the polyester is made polycarboxylic
by reaction with malic acid or citric acid.

In preferred embodiments the polyester is
partially acid-tipped with glutaric anhydride. 1In yet
other preferred embodiments the polyester is fully acid-
tipped with glutaric anhydride. Preferably, the
polyester has an average degree of polymerization between
10 and 300 and more preferably between 20 to 50.

The ionic molecular conjugates of the invention
are preferably made from polycarboxylic acid-tipped
pol :sters conjugated'with monobasic and polybasic
bicactive polypeptides having at least one effective
ionogenic amine group. Alternatively, any polyester may
be used to form an ionic molecular conjugate of the
invention provided it is pretreated with a suitable base,
e.g., NaOH. Moreover, any acid-stable peptide can be
used, e.g., growth hormone releasing peptide (GHRP),
luteinizing hormone¥releasing hormone (LHRH),
somatostatin, bombesin, gastrin releasing peptide (GRP),
calcitonin, bradykinin, galanin, melanocyte stimulating
hormone (MSH), growth hormone releasing factor (GRF),
amylin, tachykinins, secretin, parathyroid hormone (PTH),
enkaphelin, endothelin, calcitonin gene releasing peptide
(CGRP) , neuromedins, parathyroid hormone related protein
(PTHrP), glucagon, neurcotensin, adrenocorticothrophic
hormone (ACTH), peptide YY (PYY), glucagon releasing
peptide (GLP), vasoactive intestinal peptide (VIP),
pituitary adenylate cyclase activating peptide (PACAP),
motilin, substance P, neuropeptide ¥ (NPY), TSH, and

REPLACEMENT SHEET
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(‘Type 1 A Acid # = 563 [err]lnh 0.24 7- 49/49/2 Poly

d, 1-Lacti de/ 20 _ 96
Cchollde/Nhllc Acid (Type 11) 111
20 73.9 Acid # = 1200 err]lkpnh= 0 4
Poly d, 1-Lacti de/ _ 1 Subs[u%utre]lsaeet - 1§]Ser§emb%g{§§é

. Gycolide/Gtric Acid (Type 111) < g4 Acid # = 589 [err]inh = 0.22

In all cases, conjuvates were forned as outlined in test using acetone a
sol vent anchrsamabgm andr oragmenssbtheredll. pspchddsnizetolecalat t he

?Ic‘ﬁ SE g?rf%ﬁﬁhﬁ%{%es@s ?‘E‘%ggg%eﬁflgﬁggigﬂ EPe‘Er glﬁaftlﬁﬁferr]) pka =

10.1 [err]components in viveo at predetermined rates determined by
the chemical structure, molecular weight, and pKa of both
components of these conjugates. A mechanism for the
release of the drug entails the transformation of the
insoluble conjugate form to water-soluble components, in
part, through the hydrolysis of the hydrophobic
polyester. Thus, release of the bioactive'polypeptide
increases, independently, with (a) the decrease in the
pKa differential between the biocactive polypeptide and
polyester, (b) the chemical reactivity of the polyester
chain that is reflected in the carbonyl nucleophilicity,
(c) the decrease in polyester dehsity, as it relates to
the glass transition temperature and minimized
crystallizability, and (d) the increase in matrix
hydrophilicity.

_ In preferred embodiments the polypeptide comprises

1 to 50 percent by weight of the total weight of the
ionic molecular conjugate, and preferably greater than
85%, more preferably 95%, and even more preferably 99%,
of the polypeptide present in the composition is
ionically conjugated to the polyester; the polyester
component of the ionic molecular conjugate has a
éiscosity of about 0.05 to about 0.7 dl/gm in chloroform;
ihd the polyester has an average'molecular weight of
about 1200 - 40,000.

The polymeric ionic molecular conjugates of the
invention can easily be made into injectable microsphetes
or microparticles, and implantable films or rods, without
the need to utilize processing that entails multiphase
emulsions or non-aqueoﬁs two-phase systems. Preferably,
the microparticles are manufactured by (a) dissolving the
composition in an aprotic, water miscible organic
solvent; (b) mixing the organic solvent in water; and (c)

REPLACEMENT SHEET
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3 % Retention: Measured by rinsing the dried pol yester/peptide ionic
conjugates with 0.1. water and quantitating soluble peptide in rinses by
HPLC : W . Peptide Loaded - W. Sol uble

g 0 . - 0 e i

F?SEI ae (3) Conver/(')s:?gtne?nE | iogni clggrfj) )tjgat é”tfﬁitl"?ﬁ)sgﬁ?g,'%6§gspe:#’€?eroigﬁgregs
. or nicropartic[es capabl e of releasing Pn‘viyo Fhe thgrapeutic agent for at
nvent i on GapiAtfed VBB catiEoptss efes f25m, FReruBPRFny clBspher s (w th or
preferred embodiments, the organic solvent is chosen from

the group of acetone, acetonitrile, tetrahydrofuran,
dimethylformamide, and dimethoxy ethylene glycol.

In preferred embodiments the polyester/polypeptide
ionic molecular conjugate is capable of releasing in vivo
a therapeutically effective dose of a biocactive
polypeptide over a period of at least 20 days, and more
preferably for up to 95 days but not less than 7 days. In
yet other preferred embodiments the release of the
therapeutic ionic molecular conjugate is essentially
monophasic. '

The sustained release compositions of the
invention are preferably made by (a) providing a
polyester having free COOH groups and a biocactive
polypeptide having at least one effective ionogenic .
amine, and (b) ionically conjugating the polyester to the
polypeptide to form an ionic molecular conjugate, wherein
at least 85%, by weight, of the polypeptide present in
the composition is ionically conjugated to the polyester.
The polyester can be one which has sufficient free COOH
groups to begin with, or, if an insufficient number of
such groups are available for the desired peptide loading
level at the outset, the polyester can be (1) reacted
with , e.g., malic or citric acid through esterification
or functional interchange, or (2) acid-tipped with',
e.g., glutaric anhydride or (3) the polyester can be
treated with a base, e.g., NaOH, to expose acid groups.
Finally, the polyester/polypeptide ionic molecular
conjugate may be converted to implantable films or rods,
or injectable microspheres or microparticles capable of
releasing in vivo the polypeptide.

Preferably, the polyester is synthesized by
catalyzing or autocatalyzing direct condensation of one
or more hydroxy acids, e.g., glycolic acid and lactic
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wtthout 0.1 to 10% of a solid polyhydric al cohol as processing aid)
containing 1 to 50% by wei ght pol ypeptide that can rel eased according to an
essénti-al |y nonophasic profile and to sustain pharmacol ogi cal activity over

a period of one to 12 weeks; (B) sterile ahle fil e I ng,
pressing or extrusion with or without a p#‘gg)ﬂa&?iﬁ% PE&H‘??HB&W‘@%’ 7836
processi ng aid, and capable of providi-ng a=rel ease profile simlar to that

described in (ﬁo and; (C) sterile injectable rods made by extrusion or
pressing, capdd} elnf tpeoprsmgca P8l sapregeserninsdnconcentrationiedcri bed

in (A). In-gik 6f¥§§*53§ﬁ f@Sﬁgdrgﬁgphegdof tEe dr iiéggcggp&&g ionic

conj ugat e mat'er each wére place net er
SC|nt|IIat|€$F§+%J§°¥9 ﬁlPQGUFSSFrﬁDGPPFe3°PBSdbHPFéPsPPBSiSUffer 2.87

gm Na[ er r | HE{ppéd | hydrékyl gendlagroupbPeheeh] ard. ﬁruhidasllg t@aitg.@r]]. [ler r],OI
0 each vial an

E%S v}aPsL erf¥#%£ %E*ﬁ”giﬁgﬁﬁﬁfﬁ; CFE|{ Ensrrgnm%ﬁaﬁg?eand swrled at 120
R P.M and 37[err]&hevmﬂlyaﬂﬁﬁrSMﬁlsh%nan[h!|sxntn§$§zedmbﬂecanted and
P oo AT 4 ERS-SBMLI o Fpad RN of LASEEARTP LSy '
polymerization of cyeclic nonomers such as e~caprolactone,
p~dioxanone, trimethylene carbonate, 1,5-dioxepan-2-one,
or, 1,4-dioxepan-2~-one in the presence of a chain
initiator, e.g., a hydroxy polycarboxylic acid.

Another method of synthesizing involves reacting a
hydroxy acid with a cyclic dimer, followed by
condensation of the open chain system in the presence of
a polycarboxylic acid.

Yet another synthetic method involves reacting an
organic polycarboxylic acid with a preformed polyester.

In the aforementioned preferred embodiments the
acid-tipped polyester has a cafboxyl to hydroxyl end
group ratio of more than one and approaching infinity
(i.e, eliminating all the hydroxyl groups) with an
average degree of polymerization between 10 and 300, and
in particularly preferred embcdiments between 20 and 50.

Alternatively, a polyester is rendered capable of
forming an ionic molecular conjugate with a biocactive
polypeptide by treatment with a base, e.g, NaOH. |

Preferably, the polyester/polypeptide ionic
molecular conjugate-is synthesihéd by direct interaction
between the polyester, e.q., in the free form, and the
polypeptide, e.g., in the free form, in the proper liquid
medium. In other preferred embodznents suitable solvents
for the formation of the con]uqate would be a mixture
aprotic solvent (e.g., acetoneﬁ_;etrahydrofuran (THF), or
ethylene glycol dimethylether];aﬁd a suitable solvent for
the peptide (e.g., water) in ﬁﬁdﬁgrtions such that the
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Peptide Extraction From lonic Conjugates: A 50 ng sanple of an ionic
mol ecul ar conjugate was m xed into 20 ms of nmethylene chloride. The
m xture was sequentially extracted with 50 m, 20 m and 20 m portions of

2N acetic acid. The acetic acid extractsﬁwgﬁﬁgﬁ%tOgggpﬁ$p%ﬁgﬂ%bxé§ng@'

peptide content by high performance lig ept’i de
analysis by HPLC is as follows. HPLC anaIyS|s were performed using a Waters

model M 45 %Vﬁﬁ &ﬁé'ﬂ?éh&ﬂ&ﬂbﬁad aDrE%g&b‘i e ¢MACRolYPeptide is
- 20 - detector’ at_wavel en 220_nm and AUFS Pepti"des were run

Using a Li chiaAHhRE (ENRQRRSAEPARKLICCagierbAYinm A PEE SEaRteR; than
col um and ¢¥¥%desl ovdt3i5e/ Optéféfdbay, akhe polypeptide has at

least one effective ionogenic amine group.

In preferred embodiments the polypeptide is 1 to
S0 percent by weight, and preferably 10 to 20 percent of
‘the polyes;er/polypeptide ionic molecular conjugate. In
preferred embodiments, the accessible carboxyl groups of
the polyester are partially neutralized with alkali metal
ions or organic bases. In yet other preferred
embodiments, the alkall treatment provzdes chain
dissociation of the polyester and formatzon of 1ower
molecular weight binding sites. ,

“Polypeptide", as used herein, refers to a
protein, peptide, oligopeptide or synthetic oligopeptide. -
"Polycarboxylic", as used herein, refers to
compounds having more than one carboxyl group, e. g.,

malic acid and citric acid.

"Average degree of polymerization“, as used
herein, refers to the number of repeat monomer sequences.

' "Effective ionogenic amine", as used herein,
refers to a polypeptide that contains at least one amine-
group capable of forming an ion under prevailing
conditions.

"aAcid-tipped", as used herein, refers to compounds
having an acid terminus. .

"Partially acid-tipped", as used herein, refers to
compounds having 1 - 99 percent of their hydroxyl end
groups acid-tipped.

‘nFully acid-tipped", as used herein, refers to
compounds havihq greater than 99.9% of their hydroxyl
groups acid-tipped. |

"Hydroxy acids", as used herein, refers to any
compound containing hydroxyl and carboxyl groups.
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I socratic eluent buffer. Foll owi ng are details (Table VI) of the in
vitro assay denonstrating the anmount of peptide rel eased over a 28 day
period for 49:49:2 L-Lactic/dycolic/Malic\D- Trp[err] [LHRH (Exanple #8),
49: 49: 2: L- Lactic/d ycolic/Mlic\Sonmat ost aLi pn-...T | ohibj .0 |
(Exanpl e #9), and 73.5:24.5:2 éugstltu"fg'gheeg— ‘Itﬁ bepgel‘ﬁ‘ﬁgr 999%
poly-L-lactide/glycolic/Malic:D Trp[err]d IsHRH (Exanple #10) ionic

nol ecul ar conjugates. Fig.. 3 shows the graphic representation of these
data. TABLE VI | N-"Monesarkowy lier hydnoxyragitiy as ummam. TOTAL

PEPTI DE RELE@EEih to an organic acid wE%E”BhQ ﬁﬁrbE*?!proﬁg Gplec #10
1 5% 1215% 11% % 21 3% 53%
14 or “‘°€3 BYRroxyl gFouP sy, 17 | 84.4% 72.2%
60% 21 "Polyifardidxy 132 Fypdroxitoacid 24 as used herein,100%
98.2%  73%fergSto a hydroxy aéid with mor8”than one carboxyl
group.

“Organic entrainer", as used herein, refers to
organic liquids which codistill with water.

"Bioactive", as used herein, refers to a molecule
that elicits or affects a biological event.

"Acyclize™, as used herein, refers to a chemical
reaction that occurs by ring opening.

"Polycondensation", as used herein, refers to the
formation of a polyester by the condensation of two or
more molecules.

The present invention provides a new
pharmaceutical composition that chemically bonds a
biocompatible, biodegradable polyester to oligopeptides,
polypeptides, peptides and or proteins as a homogeneous.
ionic species. By chemically bondinq polyesters of
different molecular weights to the theripeutic agents,
the chemical characterxstics of the composition can be
more precisely tailored to meet the demands for the
controlled monophasic release of the biologically active
polypeptide molecule in wive. Furthermore, the
compositions of the invention are aptin;zed easily to
possess functional properties for greater loading of a
therapeutically active polypeptide. -

Other features and advantages:of the invention
will be-apparent from the following dgtailed description
of the preferred embodiments, and trén the claims.

Figure 1 is an illustration Egpresenting isomers
of polycarboxylic acid-tipped lactidgquycolide (malic
type) copolymer.
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Quantitation of Peptides in lonic Conjugates lonically bound peptides in
the conjugate products were neasured by dissolving 10 ng sanples in 5.7 n
of -a 9:"1 m xture of acetone:and 0. 1M aqueous trifluoroacetic acid. The

solutions were swirled at 25[err]for 24 ough
0.5 [err]mteflon filter cartridges. TheSPPP{]fL&FS%h?é Jr#t%‘q yzeﬁ
pepti de content by high perfornance I|q |d chronatography (HPLC3 Peptlde
anal ysi s by HPLC e runiusin 717, A a.
nodel 510 punp and &%&e? &363{3\/1%' ?t is% U# re run
on a Li chrmﬁmqwmmﬁng)rﬁ;e zaum«an Snmme;oﬁswet}mem@necol um,
flowrate %:ﬁ Sﬁ?gt |
perchloraté an |soc atlc e enf Qég &rﬁgnglééggﬁgggﬂghantlf ed
by (BIM-23014). s
Figure 3 is a graph depicting the percent peptide
released from ionic molecular conjugates into PBS buffer
at 37°C over a 28-day period.

Synthesis B L '
The biodegradable or absorbable polyesters of the
invention are tailq:ed to possess the desired chemical
reactivity to provide controlled chain hydrolyzability
and exhibit maximum binding capacity to oligopeptides,
polypeptides_o:gpgpteins having a net positive charge at
physiologic pH,. by the proper selection of the
constituent monéiéts, co-monomers or comers to form
chains with predetermzned compositions and molecular
weights (see, e.g. FPig. 2).

A tripartite synthetic design, within the ability
of someone of d:ﬂih;ry skill in this field, is employed
to prepare the compositions of the present invention.
The steps include: (1) synthesis of the polycarboxylic
acid-tipped polyésters; (2) synthesis of the
polyester/polypcptide ionic conjugate by ionic
interaction of pol"carhoxylic acxd-tipped polyesters (or
a polyester treﬁted,_ith a base) and bialogically actzve
polypeptides; and (3) conversion of ionic conjugates to
implants, rods, mzcrospheres or microparticles capable of
releasing in _;_Q the therapeutxc agent for at least 7
days.

s of 7" - o .
The polycarboxylxc acld-txpped polyester chains of
the invention are synthesized by methods such as direct
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~ 21 - conparison of the area of the correct peak in the sanple run with
the area of a injected peptide standard. Any of the acid-bearing
polyest ers/ pol ypepti de ionic conjugates descri bed herein can be

adm nistered to a recipient alone or in t| t

phar maceuti cal | y-accept abl e medium Al't h%ﬂf‘f lg,e#e Eﬁﬁ%?ﬁemﬁef P96
adm ni ster subcutaneously, intranusculajg¢y-. parenterally, by suppository or
nasal Iy, the t herapeutic preparation is adninistered in accordance with the

condi tion teordenszeion. of e zepdrdxptacidoandha polpesrbs 1'16 the

et ud: ng (rSeptd a7 Dt i dhovel Moo PRELREToNTRR SePUTRERAC: LT on:
Wt hout furprRduetshHoringwepening spolymerization oficaskactenei art&e art
can, using H@c&ﬁé%ﬁkﬁﬂr&'es&f'ﬂﬁéﬂmﬁﬁi iﬂ@ef&?ah&étéft invention to its

fuIIest extent. The fo Iomnn e nen are, thefefore, to be construed

as nerely RIARIIEROXEL %uRFgﬁﬂlqlﬁﬁ Gt (greformed high molecular
weight polyesters (See Fig. 1) Descriptions of the

synthesis of polycarboxylic acid-tipped polyesters by
these aforementioned methods follow.

Direct condensation of 2-hydroxy acids in an
optically active and/or an inactive form and a
predetermined amount of a polycarboxylic organic acid in
the presence or absence of inorganic, or organometallic
catalyst, e.g., condensation of glycolic acid DL-lactic
acid, and DL-malic acid is generally accomplished by
heating the'monocarboxylic hydroxy acids or mixture of
two or more monocarboxylic hydroxy acid in the presence
of a fraction of polycarboxylic hydroxy acid in a glass
reactor equipped for providing a continucus flow of dry-
nitrogen and mass agitation (designated Type IA
Polyester, see Table I). Typically, the polycondensation
is conducted at 150-170°C for 4 to 72 hours. Agitation
of the reaction mixture can be provided by a magnetic
stirrer or bubbling the nitrogen gas through the
polyester mass. The polymerization is continued until
the desired average molecular weight (determined in terms
of solution viscosity) and/or acid number (determined by
end group titration) is achieved. Polyester analysis by
end group titration is performed as follows. Polyester
samples (300 mg-500 mg) are accurately weighed and
dissolved in a minimal amount (10-30 ml) of acetone.
After dissolution, the solutions are diluted to 100 ml
with benzyl alcohol (Mallinckrodt, Ahalytical Reagent)
and titrated to a faint piﬁk-end—point (phenolphthalein)
using potassium hydroxide in benzyl alcohol solution
(Normalized vs. HCl1l Standard). The volume of base
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the remai nder of the disclosure in any way what soever. EXAMPLE 1 --
DI RECT CONDENSATI ON METHCD -- Synthesis of 50/50 Poly
(D, L- Lacti c-co-gl ycolic) catal yzed by Anerlyst 15 D, L-lactic acid

(Bt cueous ML Ure, 1o Om 010 T C)o il g Rkt J SRy hon b 1

bottomflask fitted with-a nmagnetic stlrrer a Dean-Stark trap and a water

cggl Sd Cg“?ﬁ&iﬁtiio'iﬁw&ii&?@tﬁél )sﬁtﬂld d\nbﬁvtéysisléob@agad(&ﬂenﬁﬂhwere
added an e .m X WAS T e under. ni urs, renoving
water from VRIIR& t‘lffé’a%e %itfﬁ‘é O ]c%%?éggf?ﬁlfué‘hg '!Nal_g Odecant ed from
“the solidif deterasinerithe hacid qumiiemcRorli tise | pelyestert hyl ene chl ori de
(250 mM). The nethylene chloride solution was treated wi,th activated
~charcoal (Darco, 5oﬂcﬂﬁ)# L"tﬂﬁfﬂgﬁ_ﬂaﬁﬁigﬂzhﬁi'ed in a rotary

: .  {AVs(ml) - AVo(ml)} x N of Base

At the conclusxon of polymerlzatxon, the polyester is
isolated and extracted with water or a dilute agqueous
sodium hydroxxde solution, from a sultable organic
solution to re; ove water-soluble or solubilizable low
molecular wezght chains. :

Polyester analysis by GPC Ls performed as follows.
The average molecular weiqhts (MW) of polyester were
determined by ?g using a Waters Model 6000 solvent
delivery,pumﬁ;_éd%a Dynamax (Rainin) model UV-D detector.
Runs were‘perforﬁed in tetrahydrofuran (Burdick & Jackson
UV grade) using.a Jordin Gel DVB 1oooA 50cm x 10 mm
column (Jord1 Assoczates) at a flow rate of 1.2 ml/min at
25 C. Peak deteotlon was at 220 nm and 1.0 AUFS. The
column was calzhrated using narrow band polystyrene
reference standards (Polysciences Inc ) at Mw = 4000,
9,200 and 25, 000.

A moditication of the dzrect condensation process
entails the useeft an organic entrainer and a cationic
exchange resin as a condensation catalyst (designated

» Type IB Polyester, see Table I). This process requires a
filtration and_evaporatxon step to remove the catalyst
and entrainer, respectlvely. Typical examples of
polyesters made. y'these processes and pertinent
analytical dataﬁare described in Table I.
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- 22 - evapor at

Hg) at 40[err]C to afford a white powder.
EXAMPLE 2 --

0.3, Acid # = 2
METHOD -- Synth
by Amberlyst 15
aqueous m xture;

or. The pol yester was fu

439, Tg = 12[err] O
esis of 49/49/2 Pol y(L-L

Usi ng a system si

rther dried under high vacuum (1 mm
([err] in CHO [err]
DI RECT CONDENSATI ON

of

sed
%

nubstfeChicl 3 e

25.6 gm 0.25 m)le)"vvé-é conmbined with glycolic acid (19.2

gm 0.25 nol e)

citric acid nonoh

drate

2.33 gm 0.011 nole),

Anber | yst 15

beads (500’%)' ZPRIESTRSP (HAOR 8 PLISEE) CNpENSATIOM

was heated with stirring to reflux for

ﬁgmund bottom fl ask. The mi xture

51 hours,

rermV| ng wat er

by the

Dean- Stark t rap ‘u'u °‘t 0l Jene was decanted fromthe sem solid product. The
pol yester was d‘f’% ““ht o acet one (300 M) and filtered and dried on a
rotary ev 'por at or. The solid pol yester was t hen redl ssol ved in nethyl ene
chl ori de an a Polymarization
Charge Conditions l Nioh 78,°C
1 L-Lactic Acid (88%)  35.7 gm (0.349M)  100°C/0.7 hr 563 0.2% 1
Glycolic Acid 4.65 om (0.5124)  145°C/17.5 hes
Citric Acid 1.75 om (0.00910)
2 L-lsctic Acid ¢B8%)  25.6 gm (0.25M)  145°C/22 hrs 820 0.14 2
Glycolic Acid 19.2 gm ¢0.25M)
Malic Acid 1.5 on (C.0110)
Type 18 Polyesters
3 L-Lactic Acid (38%)  25.6 gm (0.25M) 132°C/S3 hrs &2 0.1 15
Glyeolic Acid 19.2 om (0.25M)
Ccitric Acid 2.13 ogm» (0.011N) Using Dean-Stark
Amberiyst Trap. Oecanted,
Catalyst Reads #15 6.5 gm filtered in
Toluene 150 ml Acetons. Oried.
: Vashed with
water. Viciam
drisd.
4  LeLsctic Acid (88%) 25.6 om (0.25M)  132°C/68 hrs 1421 8.20 28
Glycolic Acid 19.2 om (0.25)
Malic Acid 1.5 g» (0.0114) Using Desn-Stark
Amberlyst Trap. Decanted,
Toluene 100 =i Filtered, nri-d.
Mashed with
uater st v.cu.ll
Oried.

*“Deternined on a differential scamning calorimeter (TA 2100 0SC) weing
2-10 mg sample and hesting rete of 10°C/min in s nitrogen actmosghere

Ste;i-g‘rowth polyneriiatian of acyclized

products, where a hydroxy acid is allowed to react with
cyclic dimers and subsequent condensation of the
resulting cpen chain system in the presence of
predetermined amounts of a polycarboxylxc acid and the
presence or absence of a suxtable condensatxon catalyst
e.g. glycolic acid, L-lactide and DL—malxc acid,
essentially the same as the condensat;on process
" described above, except that.it employs a mixture of a
monocarboxylic hydroxy-acid,-a cyclicsdimgr of a second
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was washed twice with water (2 x 150 ml) to renove sol ubl e ol i goners. The
organi ¢, sol ution was concentrated on a rotary evaporator and the product
was t horoughly dried under vacuumto afford a white solid (see Table I,

Type |1 B Pol yester, Polymer #4). errl.in CHCL[grr] = 0. Acid
i o 842 Tgy: 15[err])C/:) EX?ANPLE 3 -- ﬁ&@#&/\?bﬁ?’d%&gﬁﬂ“?ﬂ%
Synthesis of 73.5/24.5/2 Pol y(L-Lactitdet¥o™ glycolic/mlic) catal yzed by
mal i c acid Using a 150 capaci ty. cylindrical a le with an air
"ot nger | PYARRI-AGE it 2o e BRE e pites B £ 8 ARRE W L1 gl yeol |
ag;.? (7.1 Exanh1ens amt;:;)lmqms )ymmyathiris(prat:mi an_aois::mm;t (188
m xture wa '%?ﬂﬁif

m / mn) an?'ﬁg’%&gﬁ% om%%dr] to 1@%’ erir'?cfﬁg? ?&) m&ge?hﬁe
reaction t&¥FA& di@en dsrhnataeapd Wit water the FYSKEeBr&sand the water

fA][om pol yniirieatiddoas/\ab diaiple Gtdp-grcurth (paDymeridgeigact or outlet |ine.
ter : )

TABLE 11: STEP-GROWTH POLYMERIZATION OF ACYCLIZED PROOUCTS

Type [l Polyesters

Polymer . : : . Polymerization Acid -
# Charge Conditions * %en 18,°C
1 L-Lactide Monomer 10.0 gm  (0.07W) 150°C/29 hes 1200 0.21 20
Glycolic Acid 10.7 gm  (Q.14M) Malic Acid
0.79 gm (0.0061M) _
2 L-Lactide Nonomer  20.0 gm  (0.139M)  25°C-155°C/1.5h ~ 1800 O0.13 27
’ Glycolic Acid 7.1 om (0.093M) 155°C/70 hr )
Malic Acid 1.0t gm (0.007SM) Oissolve in OCM

vash with water,
and dry in vecuo.

'oo_tnr-in-d on a differential scamning calorimeter (TA2100 DSC) using
2-10 mg sample and heating rate of 10°C/min in & nitrogen atmosphere

Ring opening polymerization of a lactone or
lactone mixture in the presence of a predetermined
concentration of hydroxy-polycarboxylic acid as a chain
initiator and a catalytic amount of an organometallic
catalyst e.g. a mixture of L-lactide, glycolide and DL~
malic acid in the presence of stannous octoate employs
dry cyclic monomers or a mixture of cyclic monomers, a
hydroxy-polycarboxylic acid and a trace amount of
stannous octoate (used as 0.33M solution in toluene),
which are transferred under a dry oxygeﬁ-free atmosphere
into a glass reactor equipped for magnetic or mechanical
stirring. The polymerization reactioh is continued under
nitrogen following a suitable heating scheme until the
desired molecular weight is achieved (as measured in

. terms of solution viscosity). At the conclusion of the
polymerization scheme, the temperature is lowered and the
unreacted monomer is distilled under reduced pressure.
The polyester mass is then cooled and the water-soluble
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-~23 - 70 hours the reaction was cooled to 100[err]C and poured into a
chilled,stainless steel receiver for hardening. The solid polyester was

t hen di ssolved in nethylene chloride and was washed twice with water (2 x
150 m) to renove sol uble oligomers. The organic sol ution was concentrated

on a rotary evaporator and the product weauBstEptaghegt ulS-gepiamben, 1886m t o
afford a white solid (see Table I, Type4l+ Pol yester, Polyner #2).

([err]inh in CHCJEerr£ = 0.13, Acid # = 1800, Tg = 27[err]C) EXAWPLE 4 --
RI NG OPENI N@Wa AT| erigitHCpactisnat avei revbved by low

- poly(L-1 acty 0hi ERbhi 2466 BYsiekiap1aci Lde (12.0
9. 0. 0833 not &P%fg%;‘gl ﬁ?ié 2123,%. ogﬁmnofe)la "r%gf’i‘f;‘igc.sﬁlk%ﬁ‘z 9.

0. 00227 nolFye’ $ptutiannisstBen dfied and, the sodvent; is semoNed.67 [err]L,
The molecular weight is then determined in terms of
inherent viscosity and the acid number is determined by
end-group titration. Examples of ;_polyesters prepared by
this process and pertinent analytical data are given in
Table III.

TABLE 111: POLYESTERS MADE 8Y RING OPENING POLYMERIZATION

Type Il Polyesters

Polymer ’ Polymerizstion * Aecid

# Charge Conditions : ] en 19, ‘t:'
1 Glycolide 3.2 gn  (0.028M)  120°C/0.5 hr 2,150 0.79 7
L-Lactide 16.7 gm (0. 144} 150°C/6 hrs
Malic Acid 0.79 om  (0.0061M)  120°C/11 hrs
2 Glycolide 2.8 gn  (0.02454)  120°C/0.5 hr 1,206 0.08 26
O,L-Lactide  20.0 gn  (0.13W)  180°C/2.5 Ars
Malic Acid 0.876 gu  (0.00541M) 130°C/1S hrs
3 Glycolide 2.8 gn  (0.0245M)  155°C/1 ne 937 0.10 Fig
O,L-Lactide  20.0 gm  (0.13M)  185°C/2.5 hrs
Citric Acid 1.256 gm  (0.00654M) 190°C/2.5 hrs
160°C/13 hrs
4 _Glyeolide 8.06 gn (0.06%N)  180°C/% hr 970 0.26
O.L-Lactide  10.0 gn  (0.064%4M)  185°C/2 hrs
Malic Acid 0.766 gn  (0.00555K) 195°C/7 hrs
. _ 120°C/9 hrs
S Glycolide  8.06 g (0.069M)  150°C/0.5 hr 10,138 0.39 30

0,L-Lactide 1.0 gm (0.0696M)  185°C/4 hrs
1.6-hexenediol 0.656 ga (0.00555M) 150°C/1.5 hrs
120°C/3 hrs -

“Determined on @ differentiat sconiing calorimeter (TA2100 DSC) using
2-10 ng sample arxt heating rete of 10°C/min in & nitrogen atmosphere

"ln hexaflucroisopropancl

Functional interchange of polycarboxylic or hydroxy-
polybasic organic acid with preformed high molecular
weight polyesters with COOH/OH ratio of unity to
virtually zero, preferably in the presence of an
organometallic catalyst, e.g. melt-reaction of an 85/15
lactide/glycélide copolymer with a molecular weignﬁ
greater than 5,000 and COOH/OH<1 with DL-malic acid in
the presence of stannous octoate, to produce the lower
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0.022 mmol e) were added under dry nitrogen conditions to a glass anmpul e
with a magnetic stirrer. The systemwas purged with Nl err] and evacuated
wi th vacuum several tines before sealing the anpule. The reactants were

then nelted-at 140[err]C and the nelt wassheale 180[er e
180[err], and 150[err] for 1, 4.5, 12, aﬁﬂﬂﬁgﬁgﬁ?Sbe?€§a§%$+e%%§ggvégé§
cooling to roomtenperature, the pol yesisr-was reheated to 110[ err] C under

a vacuum of less than 1 mm Hg for about one hour to renove nononer,
recool ed atmobecularpwedightepodyesterd with QOOH/0H>1Qgentaildd ated and

dried und i gl _ = .20, Acid # = 2560,
_Téle 33Fe$;?%§€yﬂﬁkﬁwbﬁﬁh molé#ﬁ%?%LEEﬁhgtcgﬁbbEEﬁ%£TI H%B— Synt hesi s
of 50/50 pdPyedetermipeddamesny| 9€oPPA¥Farionydicd o8y WWARoPY -aci d.

D, L-lactid 61@:&:9«91@6%::&3' €n m& éeénuret ld£0lay €Rtaicde amun® @n 0. 0694

nole), citric acid tannous octoat e cat al yst
(0.33 Min %qmme‘sﬁ}sr eafalyst sithapots FEPakLT 0508
atnDsphere‘reaeMQmassanephéatednahonengSQ'dagndbrcdryindtrogen with

intensive agitation until the functional interchange is
completed (as measured by depletion of residual unreacted
polycarboxylic acid). In effect this is determined by
monitoring the molecular weight (in terms of solution
viscosity using capillary viscometry at 28°C) of the
resultant lower molecular weight polyester and the
presence of unreacted polycarboxylic acid. This is
achieved by aqueous extraction of a polyester sample and
analysis of the extract using high performance liquid
chromatography (HPLC).. Residual monomer, dimer and
polycarboxylic acid levels were determined by HPLC using
a Waters Model 6000 solvent delivery pump and a Dynamax
(Rainin) model UV-D detector (205 nm, 1.0 AUFS). Runs
were performed using 0.025N Na,PO, buffer, pH = 3.5
(isocratic flow rate = 1.0 ml/min.) using a Nucleosil
€18, 5 um, 25 cm X 4.6 mm column.

The desired polyester is isolated and purified as
described above for ring-opening polymerization. Aan
example of a polyester made by this process and pertinent
analytical data are given in Table IV.

REPLACEMENT SHEET
16 SEP 1994




- 24 - and seal ed under vacuum The reactants were nelted and heated at
180[err]; 185[err], 195[er]r, and 120[err]C for 1, 2, 7, and 9 hours,
respectively. The polyester was cooled to roon1tenperatﬁre, qugyfhed in
liquid nitrogen, isolated, and dried. . ([err]linh in CHC[err]_ = :
0. 26, Acid # = 970, Tg = 23[err]C) EXAVPEEbSUVE Reetredpeeniembard 9961 on
METHOD -- Synthesis of 50/50 poly(D, L=l &6t i~de-co-gl ycolide) initiated by
1, 6- hexanedi ol . Using a systemsimlar to those described above, D, L-

| acti de (10mfleGy: RuROB4 iRl o8 Jrmcilbid HlrinclGuck 8- 06 g, 0. 0694 nol e), |
1, 6- hexanedial (0 656 g 0 00555 nole), and stannous octoate (0.33 Min

; tol uene, 84 [erghhwﬁﬁbﬁg&ggnﬁnle) wer e added under dry nitrogen conditions

to a glass anpul é c .
Polymer Polymerizstion Acid -
[ Charge . Conditions ] Tirn Tg.°C
1 Boenringer ACOT 8 gm (350750 di-Lactide/Glycolide) 150°C/5 Ars 670 0.26 25

Citric Acid 0.8 o €0.00417%)
“Determined on a differential scamning calorimeter (TA2100 0SC) using
2-10 mg sasple snd heating rate of 10°C/min in & nitrogen atmosphere

“a catalytic amount of stamous octoate (2 drops of 0.33 M solution,
approximetely 0.03 rmole).

Among the other monomers suitable for the
synthesis of the polyesters used in the invention are: L-
lactic acid, DL-lactic acid, e-caprolactone, p-dioxanone,
€~-caproic acid, trimethylene carbonate, 1,5-dioxepan-2-
one, 1l,4~dioxepan-2-one, glycolide, and meso-lactide.
Examples of a useful polycarboxylic chain initiators
and/or chain modifiers include malic acid, and citric
acid.

tipped polyvesters and biologically active polypeptides
The polycarboxylic acid-tipped biddégradahle polyesters
described above are used to make an ionic molecular
conjugates with mono- or polycarboxylic cligopeptides,
éolypeptides or proteins with accessible effective
ionogenic amine groups (see Fig. 2). Moreover, any
polyester is tendared'capable of forming an ionic
molecular cohquate with a polypeptide provided it is
treated'with a bﬁse, e.g., 0.1N NaOH. Such treatment
exposes acid groups of the polyester for multiple site
ionic interaction with the cationic polypeptide.

Thus, the formation of these conjugates is
achieved by direct molecular interaction of the
components in the proper solvent with or without a
pretreatment of the polyester with an inorganic base to
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subsequent |y seal ed under vacuum The constituents were heated at 150[err],
185[err], 150[err], and 120[err]C for 0.5, 4, 1, 5, and 3 hours,
respectfully. The resulting polyester was recovered and dried (see TabIe
[11, Type Ill Polyester, Polyner #5). . (E?rr |nh in =
0.39, Acid # = 10,138, T[err] = 30[ err] C) Substitute She ﬁL@N@AﬂMﬁ" 996
| NTERCHANGE METHCOD - Synthesis of carbo#yl ~c- beari ng 50/ 50 poly

(D, L-1acti de-co- glyco 50/ 50 on D, L Iactlde co gl ycol i de)
(Boehri ngernawbnizg 4fs m&#e%sp&e( easag igh AEnndvas

octoate (2 ﬁ’é@&&)ah&i’r& adﬂad;baia dhteradtions d:ninlal@r )ﬁ.diiifd ogen
condi tions and, sea

nlﬁtur was hea te%@i ig for 4 hours,
cooled to roeRILd ﬁrﬁ?ﬂPgneﬂ SndRsgepses; y¥itLn Gg ?&'ﬁeed-n and
dried (see ﬂhéie pKa VapuesV Polyester Polyner #1) . ([err]inh

in CHC [err] 0. 2Gw, Synt hesi s

of a 49:49:2 L- Lactl(#goqﬁs_t% }E;é ‘ﬁe%%g“q w&éér%

D-Trp[err] $e}veqptinia qoneeataatéem gange. of 2% to 20% W/V. Such
solvents should dissolve the polyesters, but also be

partly miscible with water. Suitable solvents used for
this purpose include tetrahydrofuran, acetone, and
ethylene glycol dimethylether. To this solution, an
aqueous solution of base such as sodium, potassium or
ammonium hydroxide or carbonate is added to maximize the
binding capacity of the polyester. In general, the
amount of base added corresponds to the amount of acid
represented by the counter-anion level of the basic
peptide to be used.

After briefly mixing the polyester-base
combination, an aqueous solution of peptide or peptide
salt is added at peptide/polyester loading levels of 2%
to 50% W/W (peptide/polyester). This mixture is stirred
for a period of time (up to 3 hours), and then the
solvents are removed and the product is dried under
vacuum. The resulting material may then be further
processed for dosage formulation. The resulting
pharmaceutical compositions are designéd to be
chemically uniform compositions médé:totally of ionic
molecular conjugates and are essentially devoid of
microscopically or macroscopically diSpersed domains of
the active drug in the biodegradabléfmatrix. Examples of
prepared ionic molecular conjugates and pertinent
analytical data are given in Table V.
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-~ 25 - 500 ng of 49:49:2 L-Lactic/dycolic/Mlic (synthesized by
direct condensation; Mwv = 9,500; Acid# = 1420) was dissolved in 10 nls of
Acetone (Mallinckrodt Analytic Reagent). A portion of 0.1N sodi um hydroxide
solution (1.14 m) was added and the m xt re was rre

tenperature for 15 nminutes. A solution FFggg‘F %rﬁf@!’ﬁ'm?%ﬂz?@s

(BI M 21003 Peptide I; base content 87% acet ate content 7% in 1.0 m water
was added and the m xture was stirred for 1 hour at roomtenperature. The
solvents were then renoved, first by Rot ovap at T<40[err]C and then in a

desi ccat or fraace & xhuummummre-lmmmmm under 1 mm Hg vacuum The dried
SOl I d WaS  tteputatcifitte-eletridth Gt GO S OO BB =ks0 | At ed

<1l ny sol ubJ..e_p.epf Lde

$0/50 di Lactide/Glycolide
(Commarciasl)

Acid # s 22,000

"fﬁl = 0.53

Poly L-Lactide
(Commercial)

Mu (ave) = 2,000
Acid # = 850

Poly L-Lactide
(Commercial)

Mu {ave) = 50,000
Acid # = 2100

4874874 paly d,1-Lactide/
Glycolides1,6 hexanediol
(Method (11)

Acid # = 10,138

Vi ® .39

4974972 Poly L-Lactic/
Glycolic/Malic Acid
(Type IB)
Acid # = 1400

ﬂfm = 0.20

83.3/14.7/2 Poly L-Lactic/

-
- e Gm e T b

n

by filtratisoimer Ukd@ aqueous filtrate was pyaﬁﬁ?sd by dRidg and f eu@eiol’0 contain
The solid nmaterial uag drlm_e\/pr al

—

8883

10

10
20
30

47
25
3
48.5

&2
40

-l

2 IBIRREE
VitmoyOwWm

Glycolic/Citric Acid
(Type [A)

Acid # = 543

T * 0.26

T 49/49/2 Poly d,1-Lactide/ 4 20
Glyecol ide/malic Acid
(Typs () 1t 20 3.9
Acid # = 1200 :
Viph ® .

8 4874874 Poly d,1-Lactide/ 1 10 90
= Glycolide/Citric Acid
(Type {11}
Acid # = 589
ﬂim L] 0.22

2

1 in all cases, conjugstes were formed as mum in text ums acetons as salvent und sodium
hydroxide ss base. All peptides used were in the ascetats ult form,

2 Peptides: ! 8IN-21003 D-Trp‘oulllltpﬂu-llin-!rp-s«-fyr-n-l'rp-l.m-arg-'ro-elv llllz) pks = 10.1

| S '
11 8IM-23014 (llf“'ﬂ’lll'CYl-TYf'Tl‘p'I,Yl-Vl!-Cyl-ﬂlr Illz) pks = 9.8
111 8IM-26226 (l'zl'ﬂ Fs Phl-Gln-Trp-Ml'Vll-D-All-ﬁii-Lw-@Ks) pka = 8.0

3 X Retention: Measured by rinsing the dried polyutorlpeptido ionic conjugates with 0.{. water
and quantitating soluble peptide in rinses by HPLC .

) i

X Retention = 100X x Wt. Peptide Loaded
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days in vacuo to give 540 ng of white powder.” The powder was used in an in
vitro assay (see Table VI, Exanple #8). EXAMPLE. 9-- Synthesis of a
49:49:2 L-lactic/glycolic/malic, see Table I, polyner #4) and
Somat ost at i n/ Tunor | nhi biting Anal ogue | a 100
ng of 49:49:2 L- Lactlc/(iycollclhhllc (s?ﬁ#ﬁﬂ@? §#E§35C$£§Pg§%ﬁashgggﬁon
My = ; 420 Convdrfionast d - s,\xidqgickr odt
Anal yti c Reggepi
was added 4
A sol ution &ae

Peptide I1; ntm:-. ﬁ&ﬁf% eeﬁaasfzeoahq&h %:8%14 &rﬂv&ﬁﬂo ﬁf]

added and t XL UL €. Was our qQom t enper at ur e.
Sol vent s me%ﬂ‘f?@se?eﬁam&i I3 RET I ASPRTERRELIE S
desi ccat or withdutioorlator 2Ot dbemaeselidepoldghydtisnaizoheauas The dried

o) oS, Al S Rap LAY ndy L8, Sha DB UIBA it e o o
contain <0ﬂnatmpémlneleage@tﬂq@ordﬁ99sbo|gnnsssan&ﬁade'@nna@naamaal days-
in vacuo t grd#£1d08nd to sustain pharmacological activity over a
period of one to 12 weeks; (B) sterile implantable films
" made by casting, pressing or-exﬁrusion with or without a
pharmacologically inactive processing aid, and capable of
providing a release profile similar‘tb that described in
(A) and; (C) sterile injectable rods made by extrusion or
pressing, capable of providing a release profile similar to
that described in (A).
171 H .
‘Samples of the dried and ground ionic conjugate material
weighing 50 mg each were placed in 25 mm diameter
scintillation vials A 5 ml aliquot of modified PBS buffer
(PBS buffer: 2.87 gm Na,HPO,, 0.654 gm NaH,PO,, 5.9 gm
' NaCl, 0.5 gm NaNj, Q.S. 1.0 Liter with Deionized water; pH
= 7.27.) was added to each vial and the vials were placed
in a Lab-Line Orbit Environ-Shaker and swirled at 120
R.P.M. and 37°C. Vials were withdrawn periodically and
decanted and replenished with fresh PBS solution. The
amount of released peptide was determzned from the decanted
PBS solutions by HPLC.

A 50 mg sanple of an ionxc molecular conjugate was mixed
into 20 mls of methylene chloride. The mixture was
sequentially extracted with 50 nl, 20 ml and 20 ml portions
of 2N acetic acid. The acetic acld_extracts were combined
and analyzed for peptide content by hlgh performance liquid
chromatography (HPLC). Peptide ana;zg;s by HPLC is as
follows. HPLC analysis were pé:forﬁéﬁfusing a Waters model
M-45 solvent delivery pump and an EM7Science MACS 700
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Substitute Sheet - 13 Septenmber 1996 ' - 26 - ny
of white powder. The powder was ground and used in an in vitro rel ease
assay (see Table VI, Exanple #9). EXAMPLE 10 -- Synthesis of a

T S 2 P, L AL AL eol O bR TeRbG: L3 P
poly L- 'actadgéek&e%tcbwhngnmnhagshaeqnﬁy 1Sbe§ug§0vvt Bepl:

products; Acid# = 180 I Ssol ved I n acet on ortlon of 0.1N

p
sodlun1hydrERFdﬁsiﬂguPlBACP{°8PHFf Y &GE@G’&ﬂGnPhecéébéppén WHB.stirred
at room t enpsé&t 4 ¢ . 50mm2Bolumiit AR A0% acetonitrile/o 1t TFA as an

isocratic eluent buffer.

Following are details (Table VI) of the in _j;:g assay
demonstrating the amount of peptzdg,released over a 28 day
period for 49:49:2 L—Lactic/Glycolf@/Halic\D-Trp5[LHRH]
(Example #8), 49:49:2:L—Lactic/Glggqlic/ualic\Somatostatin-
Tumor Inhibiting Analogue (Exampler?S), and 73.5:24.5:2
poly-L~lactide/glycolic/Malic: D—Trp‘[LHRH] (Example #10)
ionic molecular conjugates. Fig. 3 shaws the graphic
representation of these data.

TABLE VI [¥:VITRQ ASSAY DATA
DAY OF ASSAY PERCENT OF TOTAL PEPTIDE RELEASED
B Eiamic 88 Exemle #9 Exple #10
1 5.5% 12.5% 1%
7 26.9% 213 3%
% 55.2% 47.3% s5%
” 84.4% n.= 0%
21 98.6% 2.5% | 66%
% 100% 8.2 . TS%
8 ven 99.6% -

. titati ¢ peptid in Ionic coni :

Ionically bound peptides in the conjﬁgate products were
measured by dissolving 10 mg sanples in 5.7 ml of a 9:1
mixture of acetone and 0.1M aqueous' trifluoroacetxc acid.
The solutions were swirled at 25°for 15-24 hours and then
filtered through 0.5 um teflon fxlteqfcartrzdges. The
filtrates were then analyzed for peﬁﬁide content by high
performance liquid chromatography (HPLC) Peptide
analysis by HPLC were run using a nillipore model 717
Wisp Autosampler, a model S10 pump ;pg a model 486 UV
detector set at 220nm. Peptides we:ﬁirun on a
Lichrospher (EM Separations) 25 cm x 4.6 mm C18, 5 um
100A column, flow rate 1.0 ml per miﬁgte using 35%
acetonitrile in 0.14% sodium perchloféte buffer as an
isocratic eluent system. Peptides were quantifled by
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solution of 200 ng of D-Trp[err] [LHRH (Bl M 21003; base content 87%
acetate content 7% in 2 m water was added and the m xture was stirred for
90 ‘m nutes. The solvents were renpved and the resulting solid was

triturated in deionized water as in EX |nd cat i ng,l

sol ubl e peptide salt present. The isol ?t%d%gﬁ'@s %?te g?'ie;&ﬁhﬁge?s%s
va;:uo toI Jicéhpaididtn QGe thhéb ﬁ.ﬂ\ﬁm tHECcHPYESE ¥ask giﬁuaﬁl?aadngaed Ipr in
vitro rel ease as ee Tabl e -- Formation
of ' Pept | do 230 JHREH | I At U4 L SrERd, PFRFAde Shapaard. |

L-l acti de/ giggcolide/ 4,1 malic acid polyester (65; 33; 2). Conj.ugat es
were synthesi zed r e | (MNV = 4700
pol ydi spersity = )§¥¥3 &P eirun?%'e %y%ég%*ggﬁgfa(aéﬁggkid% cm m xed

| i near bed mmom%%rﬂesm \ereinvpan betaduinistengddtoect or

dn/ de = 0. 5 retigfh drid H1 dble (ol '8 kb ki idn widdl#r1]1C, vas dissol ved
in 40 n1 of ~acetone. .The amd&o% were neutraljzed wth of 0.5 ¢

of Bl M 230PRarmaceRficalhysac le, ng ‘é“tonpe?ﬁ"‘ﬁh?y& %Yzbem of
MI1li-Q waenwarertowo abdaristidh subcuttaneotsty poiytramastulasly, An

addi tional 40 e o¥a 355! U Wpbdi¥BAA U nasally, the therapeutic
preparation is administered in accordance with the
condition to be treated. The concentration of the
composition in the formulations of the invention will
vary dependxng upon a number of issues, including the
dosage to be administered, and the route of
administration.

Without further elahoratzon, it is helzeved that
one skilled in the art can, using the preceding
description, utilize the instant invention to its fullest
extent. The following embodiments are, therefore, to be
construed as merely illustrative, and not limitative of
the remainder of the disclosure in any way whatsoever.

EXAMPLE 1 -~ DIRECT CONDENSATION METHOD -- Synthesis of

- $0/50 Poly (D,L-Lactic-co~glycolic) catalyszed by Amerlyst
15 |

D,L-lactic acid (85% aqueous mixture; 13.7 gm, 0.13

mole) was mixed with glycolic acid (10 gm, 0.13 mole) was
mixed with glycolic acid (10 gm, 0.13 mole) in a round
bottom flask fitted with a magnetic stirrer, a Dean-Stark
trap and a water cooled condenser. Toluene (100 ml) and
Amberlyst 1S beads (100 mg) were added and the mixture
7as refluxed under nitrogen for 72 Hours, removing water

- from the mixture. The mixture was coéled, toluene was
decanted from the solidified mass and the product was
iissolved in methylene chloride (250 ml). The mathylene
shloride solution was treated with acti#ated charcoal
{Darco, 500 mg), filtered and vacuum dried in a rotary

IENT ‘*‘«%ﬁié’i
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portionw se during the peptide addition to prevent precipitation. The
clear, colorless solution was stirred for one hour and then evaporated to
dryness under vacuum - 27 - The
resulting white solid was redissolved i and

i% m xt ure, of 2 n% of etﬂ §

2m of MIli-Qwater to forma clear ﬂ'{hﬁfﬁ“terﬁhge%bl& et $ 6t ed,
via a 0.2 a9apbriatiordn Tnd YHolydster ! GirtHdr 'ddih | 500 m
MITi-Q vvat erbat i[-}gm T%';e 1pol.yrfe;:r/‘§;ﬁt | de cdox'r | e dqggéeyge‘gé%t ed

i mredi at el ¥ ?@r’t A &9 Rd 3% Q%EPM%‘? After m xing
the slurry for 30 m n (g, é[fnr¢ac1§e=r@sjﬂuaéi@cptﬁng4mg§ T@navgjogpder
reduced pressure and the "Solids were isol ated by centrifugation,

resuspended with 100 mi of MIli-Qwater, and recentrifuged. The isolated
EXAMPLE 2 ~-~ DIRECT COBDBNBAIION METHOD =~ synth-si- ot

49/49/2 Poly(L-Lactic-co~glycolic/citric) catalysed by
Amberlyst 15

Using a system similar to above L-lactic acid (8s%
aqueous mixture; 25.6 gm, 0.25 mole) was combined with
glycolic acid (19.2 gm, 0.25 mole), citric acid
monohydrate (2.33 gm, 0.011 mole), Amberlyst 15 beads
(500 mg) and toluene (150 ml) in a round bottom flask.
The mixture was heated with stirring to reflux for 51
hours, removing water by the Dean-Stark trap. The
toluene was decanted from the semi solid product. The
polyester was dissolved into acetone (300 ml) and
filtered and dried on a rotary evaporator. The solid
polyester was then redissolved in methylene chloride and
was washed twice with water (2 x 150 ml) to remove
soluble oligomers. The organic solution was concentrated
on a rotary evaporator and the product was thoroughly '
dried under vacuum to afford a white solid (see Table I,
Type IB Polyester, Polymer #4). -

(Nynn in CHCl; = 0.11, Acid # = 842, Tg = 15°C)

EXAMPLE 3 ~- STEP GROWTHE POLYMERIZATION METHOD
synthesis of 73.5/24.5/2 Poly(L-Lactide-co-
glycolic/malic) catalysed by malic acid.

Using a 150 ml capacity cylindrical anpule with an
air 1npinqer fitting L-lactide (20 gm, 0.139 mole) was
combined with glycolic acid (7.1 gm, 0.093 mole) and
(d,l)=-malic acid (1.0 gm, 0.0075 mole). The mixture was
agitated by bubbling nitrogen through the impinger inlet
(100 ml/min) and heated from 25°C to 155°C over 100 '
minutes. The reaction temperature was maintained at
155°C for 70 hours and the water from polymerization was
removed in a cold trap on the reactor outlet line. After
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solids were dried by |lyophilization to give 1530 ng of white free flow ng
powders. Particles size range = 2 - 100 [err]m The T[err] of the ionic
conjugate was shown to occur at 53[err]C. Total residual (unbound) peptide

in all aqueous supernatents was found to be 63 by HP nal ysj s.

total initial peptide content was det'ér?ﬁ%@@ls‘ﬂy%glsgﬁﬁﬁfhlg' gPPF%Béﬁ’ éﬁgﬁym s
to be 19. 99 | T, e tgac t] o] e

conj ugat e m%i%?%eeﬁ%gg%‘gﬁg %ﬁﬁ; cg{’/lgwéi gﬁt ?‘aaglenggghgggfé?og}é‘% B 1M TFA
extraction & edriiiad stainless | stepl coecainer, foRubardenings 8The% i onic
(extract ablgy)) i Sryédter was FEwen (dEsd810eai 1 HEehyLRhEOBN18PEaaK | | ed

in the art can easilVy ascertain t essential characteristics of this
i nvent i on, 3% YA fﬂ%ﬂhﬂipta‘ff‘?ﬁd'?&brﬁfﬁ%rsﬁ?r?‘t 1§ﬂd‘§boﬁ% FREQ¥8f  can
meke vari owmmlweslb%‘r_ihqwifiMimicthalﬁﬂj{Gﬂtﬁ“ émeldnafajt&ﬁ_to )
various usages and c r nt s, ar within the
claim. 3% qﬁ%ﬁ%aéyuzé#éég?q%g“ﬁhdcgﬂg p§8288émsaé tREFodgh Ly

dried under vacuum to afford a white solid (see Table II,

Type II Polyester, Polymer #2).

(ninh in CHCl; = 0.13, Acid # = 1800, Tg = 27°C)

EXAMPLE 4 -- RING OPENING POLYMERIZATION METHOD =~
synthesis of 75/25 poly(L-lactide-co~glycolide) initiated
by malic acid. : - |

L-lactide (12.0 g, 0.0833 mole), glycolide (3.21 g,
0.0277 mole), malic acid 0.3042 g, 0.00227 mole), and
stannous octoate catalyst (0.33 M in toluene, 67 uL,
0.022 mmole) were added under dry nitrogen conditions to
a glass ampule with a magnetic stirrer. The system was
purged with N, and evacuated with vacuum several times
before sealing the ampule. The reactants were then
melted at 140°C and the melt was heated at 180°, 190°,
180°, and 150° for 1, 4.5, 12, and 2 hours, respectively.
After cooling to room temperature, the polyester was B
reheated to 110°C under a vacuum of less than 1 mm Hg for
about one hour to remove monomer, recooled at room
ﬁenperature, guenched in liquid nitrogen, isolated and
dried under vacuum '

(73ppin CHCl; = 0.20, Acid # = 2560, T, = 39°C)

EXAMPLE 5 --RING OPENING POLYMERIZATION METHOD--
Synthesis of 50/50 poly(D,L~lactide=co-glycolide)
initiated by citric acid. - | :

D,L-lactide (10.0 g, 0.0694 mole) was mixed with
glycolide (8.06 g, 0.0694 mole), citric acid (1,07 g,
0.00555 mole) and stannous octoate catalyst (0.33 M in
toluene, 84 ulL, 0.0278 mmole) under a dry nitrogen
atmosphere in a glass ampule containing a magnetic stirrer

REPLACEMENT SHEET|
16 SEP 1996




d ai ns

nore free COOH groups ionically conjugated with a bi oacti ve pol ypeptide

1. A conposition conprising a polyester containing one or

conprising at |east one effective |onogen|c am ne, mhereln at | east 50%

of the polypeptide present sa | C
conjugated to said poI yest er Eﬁ'ffést&l‘!ﬁ%g?' }e&ﬁﬁer ?bb%

wherein sai d poI Xi un er vag%‘rlgc_)xyjrhto 2 9:5‘.%)( gv%trleom tzgdera tc{]an

by wei ght,

heated at 180°, 185°, 195°, and 1zo°c for 1, 2, 7, and 9
hours, respectively. The polyester was cooled to room

temperature, quenched in liquid nitrogen, igsolated, and
dried. : -
(Nipnin CHCl; = 0.26, Acic‘___i'-_?# =970, Ty = 23°C)

EXAMPLE 6 ~-RING OPENING !OI.!KZRIZA‘IIOH METHEOD w=- Bynthlsis
of 50/50 poly(n,n-lnctidc-co-glycolidc) initiated by 1,6~
hexanediol.

Using a system similar to those described above, D,L-
lactide (10.0 g, 0.0694 mole), qucollde (8.06 g, 0.0694
mole), 1,6-hexanediol (0.656 g, O. 00555 mole), and stannous
octoate (0.33 M in toluene, 84 uL,_g_0278 mole) were added
under dry nitrogen conditions to aiglass ampule which was
subsequently sealed under vacuum. The constituents were
heated at 150°, 185°, 150°, and 120°C for 0.5, 4, 1, 5, and
3 hours, respectfully. The result;ng polyester was
recovered and dried (see Table III, Type III Polyester,
Polymer #5). .

(”thin CHCl; = 0.39, Acid f = 10,138, T = 30°C)

EXAMPLE 7 ~- FUNCTIONAL INTERCHANGE METEOD - Synthesis of

-carboxylic-bearing $0/50 pcly(n.n-lactidc-eo-qucolide).

50/50 poly(D, L-lactide-co-glycolide) (Boehringer A0O1,
8-.g), citric acid (0.8 g, 4.16 mnn;gl, and stannous octoate
(2 drops) were added to a glass ampﬂgé.unde: dry nitrogen
conditions and sealed. The nixtuzeiggs heated at 150° for
4 hours, cooled to room temperatureffquenched in liquia
nitrogen, isolated, and dried (see Table IV, Type IV
Polyester, Polymer #1). o .

(nionin CHCl; = 0.26, Aci.@c__l_}:;’f = 670, Ty = 23 C)

EXAMPLE 8 -- Synthesis of a 49:49:2. '-'-uctic/elycouc/nane
(See Table I, Polymer #4) and n—rrp‘ [r.ml ionic molecular
conjugate.
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3. The conposition of claim1, wherein said 'polyester is conposed of a
menber chosen fromthe group of L-lactic acid; D-lactic acid; DL-lactic
acid; [érr]- caprol actone; p-dioxanone; [err]-caproic acid; alkylene

oxal ate; cycl oal kyl ene oxal ate; al kyl_e ccinatgi: [errl-
hydroxybutyrate; substituted or unsubs?’%t% ‘wYae_r Ehﬁ{’hyl1én§?%t3%‘?{al%?6
1, 5-di oxepan- 2- 850, m 42dia®WBAT L-taitSic B 1 Lo/ MaL YEO| bfneRbsized
L-l acti de; Dﬁlsrgctl e; 93&54 act.i de; I%&sso-l asct |.dex flcgij an o&t Ically active
i soners; rB¥eARFEST L 55%%%9% &o2,900; Acidf =,1420}WA%(i on of
claim1l, watssolved dn 10 wis af Acerdre afMalldrickrodpernalybi@l utaric
anhydri de. 5. ,T 0Sigt i,0 f qip1 !%ﬂg | n ' ol yester
is fully a%i‘%lgﬂ“ﬁz)éd N ?%rg:lq{%‘aﬁé oa'm&rolcdée.ﬁ n]Y -- ‘{% ﬁ%@kgjo‘?‘fgosi tion of
claim1, whksbénmddi waspadded: andh fheq pigrare)wase @tirndd @t yreom zat i on
between  remperature for 15 minutes. A solution of 100 mg of D-Trp®
(LHRH] (BIM-21003 Peptide I; base content 87%, acetate
content 7%) in 1.0 ml water was added and the mixture was
stirred for 1 hour at room éenperatu:e. The solvents were -
then removed, first by Rotovap at T<40°C and then in a
desiccator for 1 honr at room temperaturs under 1 mm Hg
vacuum. The dried solid was triturated and stirred in 100
mls of deionized Water and isolated by filtration. The
agquecus filtrate was tested by HPLC and found to contain <1
ng soluble peptide. The solid material was dried several
days in vacuo to give 540 mg of white powder. The powder
was used in an in vitro assay (see Table VI, Example #8).

EXAMPLE 9-- Synthesis of a 49:49:2 L-lactic/glycolic/malic,
see Table I, polymer #4) and Somatostatin/Tumor Inhibitin
Analogue ionic molecular conjugate. o '

100 mg of 49:49:2 L-Lactic/Glycolic/Malic (synthesized
by direct condensation; Mw = 9,500; Acid # = 1420) was
dissolved in 2mls of acetone (Mallinckrodt Analytic
Reagent). A portion of 0.1N sodium hydroxide solution
(0.32 ml) was added and the mixture was stirred at room
temperature for 15 minutes. A solution of 20 mg of
Somatostatin/Tumor Inhibiting Analogue (BIM-23014 Peptide
II; base content 83%, acetate contenﬁgs.a%) in 1.2 ml water
was added and the mixture was stirredfgor 1 hour at room
temperature. The solvents were then removed, first by
Rotovap at T<40°C and then in a desiccator for 1 hour at
room temperature under 1 mm Hg vacuuggfzrhe dried solid was
triturated and stirred in 20 mls of Déibnized Water and
isolated by filtration. The aqueous::iltrate was tested by
HPLC and found to contain <0.0S mg soluble peptide. The
solid material was dried several days in vacuo to give 106
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30 and 300. - 29 - 7. The
conposition of claim1, wherein said polyester has a viscosity of about
0.05 - to about 0.7 dl/g in chloroformand an average nol ecul ar wei ght of

about 1200 - 40, 000. 8. The conpo | ai i -
bi oactive pol ypeptide conprises 1 to rrp gé‘&’fﬁﬂf ?ﬁﬁeq -aﬁém%%ﬁfrﬁie? 129:19.%

I oni ¢ nol ecul ar conj ugat e. e conp05|t|on of claim1, wherein
greater thad of white powdsés. The powder was gréund and used in an
in vitro release assay (see Table VI, Example #9).

EXAMPLE 10 -~ Synthesis of a 73.5:124.5:2 poly L~
1actidc/glycclia[lllic (see Table II, see pPolymer #2) and
D-Trp® [LERH] ionic molecular conjugntc.

800 mg of 73.5:24.5:2 poly L-lactide/glycolic/malic
(synthesized by step growth of acylized products; Acid# =
1800) was dissolved in acetone (16 ml). A portion of 0.1N
sodium hydroxide solution (2.8 ml) was added and the '
solution was stirred at room temperature for 20 minutes. A
solution of 200 mg of D-Trp® [LHRH] (BIM-21003; base
content 87%, acetate content 7%) in 2 ml water was added
and the mixture was stirred for 90 minutes. The solvents
were removed and the resulting solid was triturated in
deionized water as in Example 8 indicating less than 1%
soluble peptide salt present. The isolated solids were
dried 4 days in vacuo to give 839 mg of white powder. The
powder was ground and used for jin vitro release assay (see
Table VI, Example #£10). '

EXAMPLE 11 -- FYormation of Peptide-polymer Ionic Conjugate .
Microparticle 1.50 of L-lactide/glycolide/d,l malic acid
‘polyester (65; 33; 2).

' Conjugates were synthesized by ring opening
polymerization as in example 4 (MW = 4700 polydispersity = .
1.3 as determined by GPC on a Jordi Gel 50 x 1 cm mixed
linear bed column, THF eluent, Wyatt Mini Dawn light
scattering detector dn/dc = 0.05, acid #1475 by titration,
T4 = 42°C], was dissolved in 40 ml of acetone. The acid
groups were neutralized with 2.0 ml of 0.5 g of BIM~23014
(peptide content 83. 7%, acetate content 11.5%) in 20 ml of
Milli-Q water was slowly added with mixzng to the polymer
solution. An additional 40 ml of acetone was also added
portionwise during the peptide addztxon to prevent
precipitation. The clear, colorless solution was stirred
for one hour and then evaporated to dryness under vacuunm.
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85% of said pol ypeptide present in said conposition is ionically conjugated
to said_ polyester. 10. The conposition of claim1l, wherein said
polypepfide is chosen fromthe group consisting of LHRH, somatostatin,

CachyKini ns. seer oti . PTHL OGRP. nedr aesH it Shast ¢i15E SEplgmber 1996
rou oL 1! e kg @8 iR UL AL Y miBb o
conposi t i oA%oRlcPEi ACetoRfR:And S Al qfomig-ldmﬁ (Hpker | 5o cfprm| @ clear
poer s por abeten o WA NAR 1o igtdctadioon ey o014 gotustah -
conposi ¢ oFLLBAEr LBFRG & SRRV, SEIFTINGEARSTIOLE PE 30kt Heliio
pol ypept i dwateri ag atcl.eaTheo polyimerypept iiden cpmpleapintse avepilated
'mc;lnggﬁl 'a?’ %ﬁgg&iﬁn%‘:@ BR195 bRt @183 P WHHUAHAE Lk Ofga an ionic
water. After mixing the slurry for 30 min at 4°, the
residual acetone was removed under ;.:educed pi.'essura and the
solids were isolated by centrifugation, 'resuspended with
100 ml of Milli-Q water, and recentrifuged. _'I'he' isolated
solids were dried by lyophilization to give 1530 mg of
white free flowing powders. Particles size :r."ange = 2 - 100
pm. The Tq of the ionic conjugate was shown to occur at
§3°C. Total residual (unbound) peptide in all aqueous
supernatents was found to be 63 mg by HPLC analysis. The
total initial peptide content was determined by elemental
nitrogen analysis to be 19.9% by weight. The percentage of
extractable peptide from the conjugate was determined to be
16.9%, by weight, using the acetone/0.1M TFA extraction
technique. The resulting conjugate, thus, retains 84.8%
ionic (extractable) character. .

From the foregoing description, one skilled in the art
can easily ascertain the essential characteristics of this
invention, and without departing from the spirit and scope
thereof, can make various changes and modifications of the
invention to adapt it to various usages and conditions.

Thus, other embodiments are also within the claims.

What is claimed is:
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wii ch the pol ypeptide is ionically conjugated to the pol yester. 13.
Tbe met hod of claim 12, wherein at |east 50% by weight, of the pol ypeptide
present:in theweeﬁpes+{ken—+s—+en|calIy conjugated to the pol yester.

-~ 30 - 14, 4 mﬁu Bgﬁmcl ai m-”g%“’“%ﬁ@ﬁ@%ﬁﬁ% gg‘g{;%n?i’p%ggss

aci d-ti pped hygj
wherein said hydi"gxy artlally acid-tipped with glutaric

1. A composition comprising a polyester containing
one or more free COOH groups ionically conjugated with a
biocactive polypeptide comprising at least one effective
icnogenic amine, wherein at least 50%, by weight, of the
polypeptide present in said campos;tlon is ionically
conjugated to said polyester.

2. The compositich of claim 1, wherein said
polyester has a carboxyl to hydroxyl ratio greater than
one. .

3. The composition of claim 1, wherein said
polyester is composed of a member chosen from the group
of L-lactic acid; D-lactic acid; DL-lactic acid; ¢-
caprolactone; p-dioxkanone; e-caproic acid; alkylene
oxalate; cycloalkylene oxalate; alkylene succinate; g-
hydroxybutyrate; substituted or unsubstituted
trimethylene carbonate; 1,S5-dioxepan-2-one; 1,4-dioxepan-
2-one; glycolide; glycolic acid; L-lactide; D-lactide;
DL-lactide; meso~lactide; and any optically active
isomers; racemates or copolymers thereof.

4. The composition of claim 1, wherein said
polyester is partially acid-tipped with glutaric
<:anhydride.

5. The composition of claim 1, wherein said
polyester is fully acid-tipped with glutaric anhydride.

6. The composition of claim 1, wherein said

polyester has an average degree of polymerization between
10 and 300.

R
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anhydrlde cl aim 14, wherein said hydroxyl end
groups are fully- Mm ﬂl‘“[;l utaric anhydri de. 17. The

met hod “of cIa|n11 L ei nusatd pol yesters are synthesi zed using hydroxy
pol ycarboxylic acids chain initiators. | fag 13,
wherein the hydroxyl end-groups of sai (29&&“))%' "l]'tg %h%re am%egfobe %8
19. The nmethod of claim 18, wherein said hydroxyl end- groups are partially
aci d-ti pped wit R« gl Ther Fempasj&ioge of claim A5 #Eihof cl ai m 18,

Whﬁrel n sap&lpudteryhasnd- eﬁeaasiwed‘ﬂlamuwodds prd: vidu®l ol aric
anhydri de. dl/g in chloroform and an average molecular weight of
about 1200 - 40,000.

8. The composition of claim 1, wherein said |
biocactive polypeptide comprises 1 to 50 percent of total
weight of said ionic molecular conjugate.

9. The composition_of claim 1, wherein greater than
85% of said polypeptide present in said composition is
ionically conjugated to said polyester. .

10. The composition of claim 1, wherein said
polypeptide is chosen from the group consisting of LHRH,
somatostatin, bombesin/GRP, calcitonin, bradykinin,
galanin, MSH, GRF, amylin, tachykinins, secretin, PTH,
"CGRP, neuromedins, PTHrP, glﬁcagon, neurotenéin, ACTH,
GHRP, GLP, VIP, PACAP, enkaphelin, PYY, motilin,
substance P, NPY, TSH, and analogs or fragments thereof.

11. The composition of claim 1, wherein said ionic .
conjugate is capable of releasing in vive a
therapeutically effective dose of said polypeptide over a
period of at least 7 days.

12. A method of synthesizing a composition
comprzsing (a) providing a polyester and a bioactive
polypeptide having at least one etfectlve ionogenic
amine, and (b) ionically conjugating said polyester to
said polypeptide to form an ionic molecular conjugate in
which the poiypeptide is ionically conjugated to the
polyester. | :

13. The method of claim 12, wherein at least 50%,
by weight, of the polypeptide present in the composition
is ionically conjugated to the polyester.
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21 The net hod 0?*6T§Th113 mhereln the synthesis of said polyester results

i'n an average de ““Mr\ tion between 10 and 300. 22. The
met hod of claim?2 “ onester has a carboxyl to hydroxyl end

group ratio greateg thaﬂ-o e.
23. The nethod of claim 13, wherein syublﬁé‘:hs?tw& §g??f pé?'y%%‘?%")%%?‘;%ept I de
I oni ¢ nol ecul ar conjuggte conprises: (a) dissolving the polyester in

t et r ahydr of ur an*4acet 8he, mgthedhpfefdaim i3, wherain said
polyesters possess acid-tipped hydroxyl end groups.

15. The method of claim 14, ﬁﬁerein said hydroxyl
end groups are partially acid-tipped with glutaric
anhydride.

16. The method of claim 14, wherein said hydroxyl
end groups are fully acid-tipped with glutaric anhydride.

17. The method of claim 13, wherein said polyesters
are synthesized using hydroxy polycarboxylic acids chain
initiators. :

18. The method of claim 13, wherein the hydroxyl
end-groups of said polyesters are acid-tipped.

19. The method of claim 18, wherein said-hydroxyl
end-groups are partially acid-tipped with glutaric
anhydride.

20. The method of claim 18, wherein said hydroxyl
end-groups are fully acid-tipped with glutaric anhydride.

21. The method of claim 13, wherein the synthesis
of said polyester results in an avergqe degree of
polymerization between 10 and 300.

22. The method of claim 21, wherein said polyester
has a carboxyl to hydroxyl end group ratio greater than
one.
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di met hyl et her fol l owed by adding a base; umﬂu” agqueous sol ution
&f. a pol ypeptide or salt of a polypeptide | yest er | oading
‘Tevels of 2%to 50@6m/w1(polypeptlde/polyester " s 24° The nethod of
claim 23, wherein said pol ypeptide |s a t..of

greater than or equal to 3.5 bs'?'fé’ctﬁ%e(?% d‘i pg%“%\ﬁﬁgﬁgsn

sai d polypeptide co rlses 0 pe cen t ot al gp f said ionic
conj ugat e. 3. 26 °1?EFm%éh%g ?#3 #ﬂ éheﬁﬁéPe?X“ Gﬁgéﬁnﬁhan 85% of
the said maidqulyestec/polypeptidel tumﬁesnolouularlcongugh;econjugated to

sai d pol y?&ﬁ; %..s’ a 7d QI@I:F‘E&?QQB n%g%gég%gg jpherein sai d. reaction

results i ormat! on an |1 on tween sai d
tetrahydrofnran, acetone, or ethylene glycol

dimethylether followed by adding a base; and (b) adding
an aqueous solution of a polypeptide or salt of a
polypeptide at polypeptide/polyester loading levels of 2%
to 50% w/w (pclypeptide/polyeéter).

24. The method of claim 23, wherein said
polypeptide is a salt of an acid having a pKa greater
than or equal to 3.5

. 25. The method of claim 23, wherein said
polypeptide comprises 1 to 50 percent by total weight of
said ionic conjugate.

.26. The method of claim 23, wherein greater than
85% of the said polypeptide present in said compos;txon
is ionically conjugated to said polyester.

27. The method of claim 23, wherein said reaction
results in the formation of an ionic bond between said
reactants.

28. A composition made by the process of clgin 12.

29. A method of synthesizing a microparticle
comprising (a) dissolving the composition of claim 1 in
an aprotic, water miscible organic solvent; (b) mixing
said organic solvent in water; and (¢) isolating said
microparticles from said water.

30. The method of claim 29, wherein said organic
solvent is chosen from the group consisting of acetone,
acetonitrile, tetrahydrofuran, dimethylformamide, and

dimethyoxy ethylene glycol. ' . :
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reagtagts. - 28. A conposition made by the process of claim12.
29. A method of synthesizing a mcroparticle conprising (a) dissolving the

© conposition of claim1 in an aprotic, water. m scible organic solvent; (b)

TGS dorgante solvent o vater. and () sipgkat ikl SEhgRRELieE o

. solvent is chosen fromthe group consisting of acetone, acetonitrile,
: tetrahydrofuran, dinethylforman de, and dit#8t hyoxy et hyl ene glycol.

Forms of Lactate / Glycalate - Type Polymers ot Polycarboxylic
Acid-Tipped Chains
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32;“§Es A°pol yester containing one or nore free COOH groups and having a
carboxyl to hydroxyl ratio greater than one, wherein said polyester
contai-ns a menber selected fromthe group of L-lactic acid, D lactic acid,

DL-lactic acid, malic acid, citric acid, e d|o
[err]-caprolic acid, alkylene oxalate, cyclogﬁgﬁﬁﬁ th5 5F§qm§ 9TE§%§
succi nate, [err]-hydroxybutyrate, substituted or unsubstltuted trimet hyl ene
carbonate, 1,5-di oxepan-2-one, 1,4-di oxepay32-one, glycolide, glycolic
acid, L-lactide, D-lactide, DL-lactide, nesolactide, and any optically
active isoners, racenmates, or copol ymers thereof. A pol yester of
claim3l, wherein said pol group within the
chain of the polyester. éﬁiéﬁm@afﬁém 32 wherein said

polyester contains malic agld Qr_citric acid

2 9 ‘f’éf 't
cuign-c-ua-c - NIFCHC~ NH-CH'C—NHCH-C Nu-cu-c NIFCHFC NE-CH-C~ NHp
NHF - 2 _fﬂa C"Z cn o
coo- BN cng. cug “cag H
| fas
or e
ms :
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Di End Acid - Internal Malic
with BiM-23014
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34. :A pbl'yester of claim33 wherein said nmalic acid or citric acid nenbers
are internal within the chain of the polyester. 35. A polyester of claim
33 or 34 mherein sai d polyester contains L-lactic acid, D lactic acid or
glycolic acid. - 36. A polyester of clain1356%ggreln sai d yester has an
average nol ecul ar wei ght of about 1,200 - 40 stitutes eﬂ:AlgéhB@@ﬂﬁrdﬂ9és
"claimed in claim1, wherein said polyester I s as ‘defined in any one of
claims 31 to 36. 38. A conp05|t|0@ygf claim 37, wherein said pol ypeptide
s somatostatin, LHRH, or an anal og or fragment t her eof . 39. A
conposition of claim38, wherein said somatostatin analog is
Herr]-[err]-D Nal - Cys-Tyr-Trp-Lys-Val -Cys-Thr-NH err] and said LHRH

analog is D-Trp[err] (LHRH - Sg
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31. A polycster contaxmng one or more free COOH groups and having a carboxyl
to hydroxy! ratio’ grcater rhan one, wherein said polyester contains 2 member selected
from the group. of L—Iacnc acid, D-lactic acid, DL-lactc acid, malic acid, cimic acid, e-
caprolactone, p—d.xoxanonc, e—caprohc acid, alkylene oxalate, cycloalkylene oxalate,
alkylene succmatc, B—hydroxybutyratc, substituted or unsubstituted trimethylene
carbonate, ,:—dxoxcpan—z—onc, 1,4-dioxepan-2-one, glycolide, glycolic acid, 1-lactde,
D-lactide, DL—lacudc, mesolacnde, and any optically active isomers, racemates, or
copolymers thcreof :

32. A polycst;'r.zbf c1a1m 31, wherein said polyester has an internal carboxyl group
within the chain of the polyester.

33. A polyc'st:_:ér of claun 31 or 32, wherein said polyester contains mdlic acid or
cimic acid. & '

34, A polycéfé_i' of claxm 33 wherein said malic acid or citric acid members
internal within the chain of the polyester.

35, A polyester of claxm 33 or 34 wherein said polyester contains I-lactc ac1d, D-
lactic acid or glycohc ac1d

36. A polyesﬁét of claun 35 wherein said polyester has an average molecular weight
of abour 1,200 ~'40,000.

37. A comppgfﬁon aé}ziclaimed in claim 1, wherein said polyester is as defined in any
one of claims 31 to 36. |

38. A composmon of claim 37, wherein said polypeptide is somartostatin, LHRH,
or an ana.log or fragment thereof.

39. A composmon of claim 38, wherein said somatostatin analog is H,~-p-D-Nal-
Cys-Tyr-Trp-Lys—Val—Cys 'I‘b.r -NH, and said LHRH analog is D-Trp*(LHRH).




