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· Background of the Jnyention 

5 This inverition pertains to sustained release of 

bioactive polypeptides. 

Ma:riy druq delivery systems have been 

developed, t~stll!d and utilized for the controlled .in vivo 

release of pharmil.C:eut.::al compositions. For example, · 

10 polyesters stich, 4.s poly (DL-lactic acid), poly (qlycolic 

acic;l)·, poly(.E- -c~prolactone) and various other copolymers 

have been used •to'·release bioloqically active molecules 

such as proqesteJ:'.one; these have been in the form of 

,; microcapsule~, films, or rods (Pitt CG, Marks, TA,. and 

· 15 Schindler, A. f98Q). Upon implantation of the 

;";.· .. 

polymer/thera:pe1.1t.ic aqent composition, for example 

subcutaneouslY·O~_..intramuscularly, the therapeutic aqent 

is released ·over>a specific period· of time. Such· 

biocompatible bi.Od.eqradable polymerj,.c systems are 

20 desiqned to petjlit ··the entrapped therapeutic agent to. 

diffuse from. tl'l~;ipolymer matrix. Upon release of the 

therapeutic· ag~t, ... the polymer is deqraded in Jd.xg, 

obviating surqi(:al removal of the implant. Although the 
factors that'.contribute to polymer.degradation are not 

25 ~ell understood;:)J.~·; is believed that such deqradation for 

polyesters ~y : b:':. ~equlated by th~;· ~ccessibili ty of ester 

linkages to.non-~zY11latic autocata)ytic hydrolysis of the 

polymeric compqnerits. · 
severa·1-··1:~0 p~;t,.ications alicf us Patents have 

JO addressed iss1.1ces<e>~ ,polymer matrix·. ~e~iqn a~d .,it~ role. in 
requlatinq .:~;,;_f~te and extent: of >~f!l.ease o~ ~er~peutic ' ', 
agents in vijc;',.:·.. . .. . ·;:• ·• ' ,;.. ·, .. .,..., : ·-:--.· , · .r · 

<:: : .... (:_::_ :·· ---··-··---· ·-----·----~--- --· ··------ . 
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For exa.Jllple, Deluca (EPO Publication o 467 389 

A2/Univ of .l(entuc:Jcy) describes a physical interaction 
.· ; · .. ·, 

between a ·bYcir()l)hobic biodegradabl,f! polymer and a protein 
or polypept~de~> ·The composition tC>rmed was a mixture of 

5 a therapeutiq aqent and a hydrophobic polymer that 
sustained . it~ . diffusional release· ·'tram the matrix after 

introduction into a subject. 
Hutchin.on (US Patent 4, 767,628/ICI) controlled 

the relea••:of ·a· therapeutic aqent.by uniform dispersion 

10 in a polym.aric device. rt is statfid that this 
formulation-provides for controlled con:tinuous release by 

the overlap of·1;wo phases: first, :ci diffusion-dependent 

leacliinq of· th~ druq from the sur~ace of the formulation; 
and second,· 'releasinq by aqueous c:hannels induced by 

15 degradation of the polymer. 

:Symmarv of the Inyention 

In 9eneral, the invention features a sustained 

release pharmac.:utical f ormulatioli composed of a 
polyesterC:~ntaininq one or more free COOH groups 

20 ionically eonju9ated with a biologically active 
polypeptide. comJ>osed of at least cme effective, ionoqenic 
amine where.in at: least 50%, by weiqht, of the polypeptide 

... . 

present in :'t.he ~osi tion is ionically conjuqated. to the 

polyester. 
25 In ~eferred embodiments, tJie polyester is 

modified tc:>'increase the carboxyl to hydroxyl end group 
ratio from ,mc:>rt! than one and apprc:>~'C:hes infinity, i.e. , 
all of the bydJ:oXy:l qroups can be ;··s'1bsti tuted with 

carboxyls. :··Ex~p.les of suitable p~lyesters are those 
30 oriqinatinq from compounds such as:·:_':i:,-1actic acid, o­

lactic acid, CL-lactic acid,· e-caprolactone, p-dioxanone, 
e-caproic acid, sttbstituted and uri~libstituted 
trimethylenEf c.arbonate, ·. 1, 5-dioxe~an-2-one, 1, 4-dioxepan-

2-one, qlyc()lid.e, glycolic aC:id, L:~:iactide, D-lactide, 
-~ ....... -~.-._.:._ _______ , - ----- -------- ----- -
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DL-lactide, meso-lactide, alkylene oxalate, cycloalkylene 
oxalate, alkylene succinate, (p-~ydroxybutyrate), and 
optically active isomers, racemates or copolymers of any 
of the above. Other heterochain polymers related to 

5 traditional po.lyesters may also b.e used (e.g. , 
polyorthoesters, polyorthocarbonates, and polyacetals). 

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

In preferred ~odiments t:he. polyester is 
10 partially acid-tipped with glutaric anhydride. In yet 

other pref er~ed embodiments the polyes~er is fully acid­
tipped with qlutaric anhydride. Preferably, the 
polyester has. an average degree of polymerization between 
10 and 300 and more preferably between 20 to so. 

15 Th• ioriic molecular conjugates of the invention 
are preferably.made from polycarboxylic acid-tipped 
pol ,sters conjugated with monobasic and polybasic 
bioactive polypeptides having at least one effective 
ionogenic amin.e group. Alternatively, ·any polyester may 

2 o be used to form an ionic molecula;- 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-~eleasing hormone (LHRH), 

25 somatostatin, bombesin, gastrin ~eleasing peptide (GRP), 
calcitonin, bradykinin, galanin, 1Delanocyte stimulatinq 
hormone (MsH)1.¢owth hormone releasinq factor (GRP), 
amylin, tachy)tinins, secretin, parathyroid hormone (PTH), 
enkaphelin, endothelin~ calcitonin qene releasinq peptide 

30 (CGRP), neur()Dledins, parathyroid h,ormone rela~ed .protein 
(PTHrP), glucagon, neurotensin, a~enocorticothrophic 
hormone (ACTH) , peptide YY (PYY) I: glucaqon releasinq 
peptide (G~) ,· va~bactive. intestifi~l peptide (VIP), 

. :.·.·, . . ····': 

pituitaey ~~E!l'.lYlate cyclase ac:tiva.t:inq peptide (PACAP), 
35 motilin, sub$~ancf!!. P, neurop~ptidf!:·.Y (NPY) I TSH, and 

-···----... --- ·- -- --- ...... __ 
----·----
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ana1oqs and fragments thereof. such ionic molecular 
conjuqates are capable of releasi~g their bioactive 
components in vivo at predetermin-~d rates determined by 
the chemical structure, molecular.weight, and pJCa of both 

5 components of these conjuqates. ·.A mechanism for the 
release of the drug entails the t~ansf ormation of the 
insolUble conjuqate form to water..:solUble components, in 
part, th?:ough the hydrolysis of the hydrophobic 
polyester. Thus, release of the bioactive polypeptide 

10 increases, independently, with (a) the decrease in the 
pJCa differential between the bioactive 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 qlass transition temperature and minimized 
crystallizabili_ty, and (d) the increase in matrix 
hydrophilicity. 

In pref erred embodiments the polypeptide comprises 
l to 50 percent by weiqht of the total weight of the 

20 ionic molecular conjugate, and preferably greater than 
85%, more prefetably 95,, and even more preferably 99%, 

of the polypeptide present in the composition is 
ionically conjuqated to the polyester; the polyester 
cc>mponent o'f . the ionic molecular conjugate has a 

25 viscosity of about o.os to about 0.7 dl/qm in chloroform; 
and the polyester has an averaqe mo,lecular weiqht of 
about 1200 - 40,000. 

The polym.ric ionic m.olecul'a~ conjugates of the 
. . .. ·. 

invention ca·n easily be made. into ~n]j ectable microspheres 
30 or microparticles, and implantable/films or rods, without 

the need to .utilize processii;iq th:at\entails multiphase 
. >. .. ··.·::: • 

emulsions or non-aqueous two~phase:< .systems. Preferably, 
the microparticles are man'Q.f.ctur~~';_by (a) dissolvinq the 
composition in an aprottc, water m::L~cible orqanic 

35 solvent; (b) mixing the orqabic sb:i~ent in water; and (c) 
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isolating the ]Dicroparticles from the water. In 
preferred eJipc:>diments, the orqanic solvent is chosen from 
the qroup of acetone, acetonitrile, tetrahydrofuran, 
dimethylformamic:le, and dimethoxy ethylene qlycol. 

5 In p~eferred embodiments the polyester/polypeptide 
ionic molecular·conjuqate is capable of releasinq in vivo 
a·therapeuti~ally effective dose of a bioactive 
polypeptide.over 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 ionic molecular conjuqate i~ essentially 
monophasic. 

The sustained release compositions of the 
invention are .preferably made by (a) providing a 

15 polyester bavinq ~ree COOH qroups and a bioacti ve 
polypeptide bavinq at least one effective ionoqenic 
amine, and·· ·cb) ionically conjugatinq the polyester to the 
polypeptide to form an ionic molecular conjugate, wherein 
at least 85t, by weight, of the polypeptide present in 

20 the composition is ionically conjugated to the polyester. 
The polyest,r_ can be one which has sufficient free COOH 
qroups to b8CJin with, or, if an insufficient number of 
such qroups are available for the desired peptide loading 
level at the o~taet, the polyester can be_ (1) reacted 

25 with , e.q., malic or citric acid through esterification 
or functiOrial.·iJ'iterQhange, or (2) acid-tipped with , 
e.g., qlutar~c·al.1hydrida or (3) the polyester can be 

treated with a base, e.g., NaPH, to expose acid qroups. 
Finally, the·polyester/polypeptide ionic molecul~ 

30 conjugate may b8. converted to implantable films or ·rods, 
or injectable microspheres or microparticles capable of 
releasinq in ~ the polypep~ide. 

Preferably, the polyester 'is synthesized by 
catalyzing or autocatalyzing:~irect: condensation of one 

3 5 or more hydro.xy acids·, e.g. , ' :~lyc~lic acid and lactic 
----------·----· ·-· ·--· - ··-· ·--- ··-··-- --
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acid, in the presence of a predetermined concentration of 
a polycarboxylic hydroxy acid, e.9., malic acid or 

... 
citric acid. The polyesters thus formed possess acid-
tipped hyc!roxyl end qroups which are preferably partially 

5 or fully acid-tipped. 
The polyesters also can be synthesized by 

catalyz-inq rinq-openinq polymerization of lactones, or by 
polymerization .of cyclic. m.onomers such as E-caprolactone, 
p-dioxanone, trimethylene carbonate, 1,5-dioxepan-2-one, 

10 or, 1,4-dioxepan'-2-one in the presence of a chain 
initiator, e.9~, a hydroxy polycarboxyl~c acid. 

~other method of synthesizin9 involves reactinq a 
hydroxy aci~ with. a cyclic dimer, followed by 
condensation of the open chain system in the presence of 

15 a polycarboxylic acid. 
Yet •nother synthetic method involves reactinq an 

orqanic polycarboxylic acid with a preformed polyester. 
In the aforementioned pref erred embodiments the 

acid-tipped· polyester has a carboxyl to hydroxyl end 
20 qroup ratio of more than one and approachinq infinity 

(i.e, elimi~atinq all the hydroxyl groups) with an 
averaqe deqree of polymerization between 10 and JOO, and 

( 

in particulatly preferred embodiments between 20 and so. 
Alternatively, a polyester is rendered capable of 

25 forming an ion~c molecular conjuqate with a bioactive 
polypeptide by treatment with a base, e.g, NaOH. 

Pref4arably, the polyester/polypeptide ionic 
molecular conj~qate is synthesized by direct interaction 
between. the poly•ster, e.g., in the free form, and the 

30 polypeptide, e.q., in the free form, in the proper liquid 
medium. In other preferred embodiments suitable solvents 
for the f o~tion of the conjugate would be a mixture 
aprotic solvent [e.9., acetone, tetrahydrofuran (THF), or 
ethylene glycol dimethylether] and a suitable solvent for 

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

... -·--·--·.-····-·------···---··---- .. ------ --.. ·-----------·· 
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two systems are miscible. Preferably, the polypeptide is 
a salt of a monocarboxylic acid having a pKa greater than 
or equal to 3.5. Preferably, the polypeptide has at 
least one effective ionogenic aminegroup. 

5 In pref erred embodiments the polypeptide is 1 to 
so percent by we_ight, and preferably 10 to 20 percent of 

_the po~yester/polypeptide ionic molecular conjugate. In 
preferred embodiments, the accessible carboxyl groups of 
the polyester are partially neutralized with alkali metal 

10 ions ~r organic bases. 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 ~o 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 prevaili~g 
conditions •. 

25 "Acid-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 
qroups acid-tipped. 

30 ·"Fully acid-tipped", as used herein, refers to 
compounds havinq greater than 99.9' of their hydroxyl 
qroups acid-tipped. 

"Hydroxy acids", as used her,in, refers to any 
compound containing hydroxyl and. car:?oxyl groups. 

-~----~·-----­.. -· -' · ... ----
,,.-------- -------- -------- Re~red 

~xiii'' 

?= 
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"MonocaJ:'boxylic hydroxy acid", as used herein, 
refers to an organic acid with one carboxyl group and one 
or more hydroxyl group. 

"Polycarboxylic hydroxy acid", as used herein, 
5 refers to a hyc:troxy acid with more.than one carboxyl 

group. 
"Organi~ entrainer", as us~d herein, refers to 

organic liquids~hich codistill with water. 
"Bioactj_:ve", as used herein, refers to a molecule 

10 that elicits ·or a;ffects a biological event. 
. . 

"Acyelizet'i, as used herein,· refers to a chemical . .··. . 
reaction that occurs by ring opening. 

"Polyconciensation", as used herein, refers to the 
formation o.f a polyester by the condensation of two or 

15 more molecuies., 
The present invention provides a new 

pharmaceutical ·· c()~posi tion that chemically bonds a 
biocompatible, biodegradable polyester to oliqopeptides, 
polypeptides, pf!ptides and or proteins as a homoqeneous 

20 ionic species. ~y; chemically bonding polyesters of 
different mole~,lar weights to the therapeutic agents, 
the chemical ch.a;iZ.cteristics of the composition can be 
more precisely.tit;ilored to meet the demands for the 
controlled ~~no~lJ>asic release of the biologically active 

25 polypeptide ·molj~le in Jd.xg. Furthermore, the 
1 composi tio~s of ~e invention are ·optimized easily to 

possess func::tio?lal properties for.greater loading of a 
therapeutically: ;~~ti ve polypeptide· •. 

Other f ~~t;.ures and advantages of the invention 
30 will be. apparent:/trom the followinc;r detailed description 

of the preferred·:_ embodiments, and ·tram the claims. . . . 

Brief Description of 1:be Drawinas 
Fiqur~ 1/··~s an illustratio~ : representing isomers 

of polycarb()~lt~;acid-tipped lact~de/glycolide (malic 
3 5 type) copol:Ymer .· . 

- -· ····-·--·------ ···- --- -···----- --··---·· 
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FiCJUi:e.2 is an illustration of an ionic molecular 
conjugate depictinq the chemical .interactions between the 
lactide/glyeol.ide (malic type) copolymer and somatuline 
(BIM-23014). 

Fiqure:·3 i.s a graph depicting the percent peptide 
released from io11.ic molecular conjugates into .PBS buffer 
at 37°C over a 28-day period. 

Desc;19t],9n of the freferred Embodiments 
Svnthesis 

The biodegradable or absorbable:polyesters of the 
invention are tailored to possess the desired chemical 
reactivity to P:c'oVide controlled chain hydrolyzability 
and exhibit ··JD.alc.fillum binding capacity to oligopeptides, 
polypeptides or.proteins having a net positive charge at 

15 physioloqic·cpB,,:_by th~ proper selection of the 
constituent:moJ19111ers, co-monomers or comers to form 
chains with predetermined compositions and molecular 
weights (see, e.g. Fig. 2). 

A ·tripa:t"tite synthetic design, within the ability 
2 o of someone ()f ort:finary skill in this field, is employed 

to prepare the;caa.,ositions of the present invention. 
The steps include:· {l) synthesis of the polycarboxylic 
acid-tipped polyeilters; ( 2) synthesis of the 
polyester/polypept'ide ionic conjugate by ionic 

25 interaction c:>f·. :~?lycar])oxylic acid-tipped polyesters (or 
a polyester ~--~1;.ad. with a base) and bioloqically acti~~­
polypeptide•i a*1d: (3) conversion of ionic conjuqates to . . . . . . 

implants, rOds, -lllicrospheres or microparticles capal>le of ' ... · . 

releasing in yiy~ the therapeutic agent for at least 7 
30 days. 

1 > sntbesis of· poljc•rb9Ulia aqi'4•tippe4 polyesters. 
The poly~arboxylic acid-ti~p~d polyester chains of 

. . 

the invention are synthesized by me1:hods such as direct 
---·----·-- ----- . - ---- -·---- -·-·--
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condensation of a 2-hydroxy acid and a polycarboxylic 
organic acid, step-qrowth polymer~zation of acyclized 
products, ring-opening polymerization of a lactone or a 
lactone mixture, or functional interchange of a 

5 polycarboxylic organic acid with preformed hiqh 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 
10 optically active and/or an inactive form and a 

predetermined amount of a polycarboxylic organic acid in 
the presence or absence of inorqanic, or organometallic 
catalyst, e.g., condensation of glycolic acid DL-lactic 
acid, and DL-malic acid is qenerally ~ccomplished by 

15 heatinq 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 continuous flow of dry­
nitrogen and mass agitation (desiqnated Type IA 

20 Polyester, see Table I). Typically, the polycondensation 
is conducted at 150•l70°C for 4 to 72 hours. Agitation 
of the reaction mixture can be provided by a maqnetic 
stirrer or bub~linq the nitroqen qas through the 
~~lyester mass. The polymerization is continued until 

25 the desired average molecular weight (determined in terms 
~~ solution viscosity) and/or acid nQJaber (determined by 
end qroup titration) is achieved. Polyester analysis by 
end group titration is performed as follows. Polyester 
samples (300 mg~soo mg) are accurately weighed and 

30 dissolved in a minimal amaunt (10-30 ml) of acetone. 
After dissolution, the solutions are diluted to 100 ml 
with benzyl alcohol (Mallinckrodt~ Analytical_Reagent)· 
and titrated to a faint pink end-poi~t (phenolphthalein) 
using potassium hydroxide in benzyi alcohol solution 

35 (Normalized vs. HCl Standard). The volume of base 

,----- --------·- ··-·--·--·--·- ... - ... ···--·····--·- --·· ---- -

.·.: .. 

_.,,.: 
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solution used for the sample (AVs) .is compared with the 
volume of base used for a solvent blank (AVo) to 
determine the acid number for the polyester. 

Acid # = wt. of Sample Cmgl 
{AVs(ml) - AVo(ml)} x N of Base 

At the conclusion of polymerization, the polyester is 
isolated and extracted with water or a dilute aqueous 
sodium hydroxide solution, from a suitable orqanic 
solution to remove water-soluble or solubilizable low 

10 molecular weiqht chains. 
Polyester analysis by GPC is performed as follows. 

The ~veraqe molecular weiqhts (MW) of polyester were 
determined by GPC usinq a Waters Maciel 6000 solvent . . 

delivery pump and a Oynamax (Rainin) model uv-o detector •. 
15 Runs were performed in tetrahydrofuran (Burdick & Jackson 

UV qrade:) using a Jardin Gel DVB lOOOA, SOCJD 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 AOFS. The 
c9lumn was calibrated usinq narrow band polystyrene 

20 reference standards (Polysciences Inc.) at Mw = 4000, 
9,200 and 25,000. 

A modification of the direct condensation process 
entails the use of an orqanic entr.-~ner and a cationic 
exchange resin as a condensation catalyst (desiqnated 

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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TAILE I: POLYESTERS MADE IY DIRECT COtlDENSATIOll .. THOD 

Type IA Polywscers 

Pol)'lller Pol)'llleriut:ion Acid , Clt•rge Conditions , 
'l;nti 

L·Lec:tic Acid (~) 35.7 9111 (0.349") 1oo•c10.1 hr . 563 0.24 
Glycol i.c Acid 4.65 111 C0.61210 165•c117.5 hrs 
Citric Acid 1. 75 111 (0.0091M) 

2 L·Lactic Acid"C81X> 25.6 9111 C0.25M> 165.C/22 hrs 820 0.14 
Glycolic Acid 19.2 9111 (0.25M) 
M•lic Acid 1.5 Siii (0.011M) 

Type II Polyesters 

3 

4 

L·Lactic Acid <181> 25.6 9111 C0.25M> 132•c153 hrs 842 0.11 
Glycolic Acid 19.2 9111 (0.25M) 
Citric Acid 2.13 111 (0.011M) using Dean-scart 
Amerlyst Trap. Decanted, 

catalyst leeds #15 o.s 9111 filt:ered in 
Toluene 150 ml Acetonie. Dried. 

Wuhed with 
water. v.cuua 
dried. 

L·Lactic Acid <81X> 25.6 111 C0.25M> 132•c161 hrs 1421 0.20 
Glycolic Acid 19.2 .. (0.25M) 
Malic Acid 1.5 911 (0~01110 Using Dean·Stark 
Alltlerlyst Trap~ Dec.nted, 
Toluene 100 •l Filtered, Dried. 

Wah.ct with 
water arid VKU.11 
Dried. 

9Deter11inad.on a·diffennt:ial sanning c.Lori•ter (TA 2100 DSC> using 
2·10 111 U11Pl• Ind he.ting rete of 1o•C1ain in a nitrogen atmspttere 

Step~owth polymerizati~n of acyclized 

Tg, •c 

,, 

27 

:"!. 
products, where a hydroxy acid is allowed to react with 
cyclic dimers &J\d subsequent conden,sation of the 
resultinq open chain system in the;presence of 

5 predetermined amounts of a polycar.,oxylic acid and the 
presence or absence of a suitable ¢ondensation catalyst 

• . :,=, : 

e.q. qlycolic acid, L-lactide and DL-malic acid, 
essentially the same as the condensation process 
described above, except that it employs a mixture of a 

;. 

10 monocarboxylic hydroxy-acid, a cyc:fi.c dimer of a second 

15 

28 
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hydroxy-acid, ·ciha a hydroxy polycarbdlCyiic acid. 
Examples of polyesters made by th.is .. process and pertinent 
analytical data are sUJIUDarized in Table II. When the 
cyclic dimer is pretreated with water the system is 

5 treated as a ·_si.Jlaple ste?-qrowth polymerization. 

TABLE JI: STEP•GROWTH POL'n,IERIZATIDll OF ACYCLIZED PRODUCTS 

Type n Polyesters 

Polymer Poly119riution Acid 
11.·c· • Cherie Conc:li Ci ans # "inh 

L·Lactide Mcniamer · 10.0 1111 (0.07M> 160•c129 hrs 1200 0.21 20 Glycol ic Acid 10.7 9111 (0.14M) Malic Acid 
0.79 9111 (0.0061M) 

2 L•Lecttde Monalller • 20.0 9111 CD.1BI> 25•c·1$s•c11.sh 1800 0.13 27 Glycol ic Acid · · 7.1 9111 C0.093M) 1ss•cno hr 
M•lic Acid 1.01 9111 C0.0075M) Diuolve in DCM 

wellh with .,.ter. 
Md dry in ytCUD• 

• Oetel'llhwd on • ·~Hfferential seaming calori•ter CTA2100 DSC> using 
2·10 1111 ••l• ~ heating rate of 1o•c1•in in • nitrogen atmosphere 

Rinq _OP~J1lnq polymerization of a lactone or 
lactone mixt-gre_in the presence of a predetermined 
concentration of.hydroxy-polycarboxylic acid·as a 9hain 
initiator and acatalytic amount of an orqanometallic 

5 catalyst e.q. a .Jllixture of L-lactide, qlycolide and DL­
malic acid in tlJ..e presence of stannous octoate employs 
dry cyclic monomers or a mixtUre of cyclic monomers, a 
hydroxy-polycarJ:>oxylic acid and a trace amount of 
stannous octoat_e _(used as o.JJM solution in toluene), 

10 which are transferred under a dry oxyqen-free atmosphere 
into a qlass"Teac1:or equipped for magnetic or mechanical 
stirrinq. The p()lymerization-reactic!,n is continued under 
nitroqen follow~nq a suitable heating scheme until the 
desired molecular weiqht is achieved.(as measured in 

15 terms of solution viscosity). At tlJ.e conclusion of the 
polymerization scheme, the temperatUl;"e is lowered and the 
unreacted monomer is distilled und~r\reduced pressure. 
The polyester m~ss is then cooled ~nd the water-soluble 

. I 

- --- --- --- - -- ------ ---- - -·-- -- - -----·-·--··· 
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low mo~ecular weight fractions are removed by low 

temperature extraction from a suitable orqanic solution. 
The solution is then dried ·and the .. sol vent is removed. 

The molecular weight is then determined in terms of 

5 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. 

10 

15 

20 

25 

30 

35 

TABLE 111: POL.TESTERS MADE IT RING CPElllllG POLYMERIZATICll 

Type III Polyesters 

Polymer Polymrizetion Acid 
# Charge Conditions ' 

1 Glycotide 3.22 911 co.02110 1ZO•CJ0.5 hr 2,150 
L·Lactide 10.7 911 (0.14M) 1so•CJ6 hrs 
Malic Acid o. 79 9111 CD.0061M) · 120•c111 hrs 

2 Glycolide 2.84 1111 (0.0245M) 12o•c10.s hr 1,206 
D,L•Lactide 20.0 9111 (0.139"> 1ao•c12.s hrs 
Malic Acid 0.876 911 (0.005411C) 130•c11s hrs 

3 Glycolide 2.84 911 C0.0245M> 1ss•c11 hr 937 
D,L•Lactide 20 .• 0 9111 (0.139") 1as•c12.s hrs 
Citric Acid 1.256 9111 (0.00654M) 190•c12.s hrs 

160•CJ13 hrs 

4 . Gl ycolide 8.06 911 (0.0694M) uio•cn hr 
D,L·Lactfde 10.Q 911 (0.0694M) 1as•c12 hrs 
Nelie Acid D.744 1111 (0.00555M> 195•c17 hrs 

12o•c19 hrs 

5 Glycolide 8.06 .. (0.0694M> 1so•c10.S hr 10,131 
D,L•Lactide 10.01111 (0.0694M) 1as•c14 hrs 
1,6·hexanadiol o.656 111 (0.00555M) 1so•CJ1.s hrs 

120•CJ3 hrs 

*oetenained on a .differential sannina calori•Cer CTA2100 DSC> .. 1,,. 
2·10 .. U11Ple and heating rate of 1o•CJ•in in e ritcrogen ac:-phere 

-In hexofluaroisaprapanol 

"tm Tg,•c 

0.79 38 

0.08 26 

0.10 27 

0.26 23 

0.39 30 

* 

FUnctional interchange of polycarboxylic or hydroxy­
polybasic organic acid with preforined high molecular 

40 weight polyesters with COOR/OH ratio of unity to 
virtually zero, preferably in the presence of an 
organometallic catalyst, e.g. melt~reaction of an 85/15 
lactide/glycolid~ copolymer with a: molecular weight 
greater than 5,000 and COOH/OHSl ~ith DL-malic acid in 

45 the ·presence of stannous octoate, to produce the lower 
---·-----····-~····--
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molecular weiq}l1;polyesters·with C()OH/OH~l, entails 
heatinq a higl(mQlecular weight polyester with a 
predetermined a~ount of polycarbo3Cf lic or hydroxy­
polycarboxylic\ ac::id in the presence of a trace amount an 

5 organometallic'· ca,.talyst such as stannous octoate. The 
reactants are &e,..ted above 150°C ~der dry nitrogen with 
intensive aqitation until the functional interchanqe is 
completed (as m~asured by depletion of residual unreacted 
polycarboxylic :: acid) • In effect this is determined by 

10 monitoring the ,:JiJolecular weight (in. terms of solution 
viscosity usiJtcJ capillary viscometey at 28°C) of the 
resultant lowe~-Jilolecular weiqht polyester and the 
presence of Unr•acted polycarboxylic acid. This is 
achieved by aqueQUS extraction of a polyester sample and 

: ··: -: .. 

15 analysis of th• extract using hiqh- performance liquid 
chromatograplJ.y·'.J;HPLC). Residual monomer, dimer and 
polycarboxylic:::ac:id levels were determined by HPLC usinq 
a Waters Model 6000 solvent delivery pump and a Dynamax 
(Rainin) model ::uv-o detector (205 run, 1.0 AUFS). Runs 

20 were performed::usinq o.025H Ha2Po4 l:)uffer, pH = 3 .5 
( isocratic flow .. J;'ate = 1. o ml/min. ) usinq a Hucleosil 
c1s, 5 um, 25 ~ x 4.6 mm column. 

The desire~:polyester is isolated and purified as 
described al;>ove for rinq-openinq polymerization. An 

25 example of a po:];yester ·made by this process and pertinent 
analytical dat~ are given in Table·lv. 
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TABLE IV: POLYESTERS MADE BY FUNCTIONAL INTERCHANGE 

Type IV Pol'f'llSter1 

5 Pol~r Polymerization Acid • 
I Cherie • Candttians ii "tm Tg, •c 

10 

ls 

loeftringer A001 · a 11n5015o dl·Lectide/Glycol ide>. 1so•c1s hrs 670 o.26 8 

Citric Acid- o.a 1111 (0.00417M) 

* Detel'llined an e differential acanntng celori•ter CTA2100 DSC> using 
2·10 1111 ~le 8"d.heating rete of 1o•c1•in in a nitrogen atllDSphere 

•• • A catalytic ~t of 1tamaus octoate <2 drops of 0.33 M solution, 
approxi .. tely O.QJ·,...le>. 

Amonq the other monomers suitable for the 
synthesis of the polyesters used in the invention are: L­

lactic acid, OL-lactic acid, e-caprolactone, p-dioxanone, 
e-caproic acid, trimethylene carbonate, 1,5-dioxepan-2-
one, 1,4-diox~pan-2-one, qlycolide, and meso-lactide. 

20 Examples of a·useful polycarboxylic chain initiators 

and/or chain modifiers include malic acid, and citric 
acid. 

c.2> Syn1;ll•1i1 of the poluater/polmepti4e ionic 

conjuaate by iOpic.ipt:eraction of polvcarb9nlic ac40-

2s tiPRe4 polyesters an4 biologically act;ive polmepti4es. 

The polycarboxylic acid-tipped biOdeqradable polyesters 
described above.are used to make an· ionic molecular 
c::onjugates with.mono- or polycarboxylic oliqopeptides, 
polypeptides or·prOteins with accet:;sible effective 

3 o ionoqenic amine ~ cp:oups (see Fiq. 2J • Moreover, any 
polyester is r-.nCiered capable of f.orminq an ionic 
molecular conjugate with a polypeptide provided it is 
treated with a base, e.q., O.lN NaOH. such treatment 
exposes acid ~oups of the polyester for multiple site 

35 ionic interaction with the cationic polypep~ide. 
Thus, the formation of these conjuqates is 

achieved by direct molecular. inter~ction of the 
components in 'the proper s.ol vent w~th or without a 
pretreatment of the polyester with ··an inorqanic base to 

-- ·---· --·--. -
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maximize its bin.c:linq rate capacity to the basic druq. As 
noted abov.e, the.ionic interaction of their ionic 
conjuqate comporients increases wi~hin the difference in 
their pKa val~~s. 

s The polyester is dissolved .. in a suitable aprotic 
solvent in a c:o~c:entration range of 2t to 201 W/V. such 
solvents shou1c(:dissolve the polyesters, but also be 
partly miscibl;'.·· with water. Suitable solvents used for 

this purpose in§lude tetrahydrofuran·, acetone, and 
10 ethylene qlyco.~/'.dimethylether. To this soluti.on, an 

aqueous solution· of base such as s·~dium., potassium or 

ammonium hydroxlc:te or carbonate is added to maximize the 
binding capac·i:~y · of the polyester. In general, the 
amount of base· ;ic:lded corresponds to the amount of acid 

15 represented bY:' ··tile counter-anion level of the basic 

peptide to be.\ls~d. 
After'briefly mixing the polyester-base 

combination, an· aqueous solution of peptide or peptide 
salt is added ·:a~: peptide/polyester" loading levels of 2% 

20 to 50% W/W . (peptide/polyester) . This mixture is stirred 
for a period ·o.:f<·i::,ime (up to 3 hours) , and then the 
solvents are.removed and the produc::t is dried under 
vacuum .. The ·re~ulting material may then be further 
processed f·or: ·aC)sage formulation. The resultinq 

25 pharma~eutical.:~ompositions are desiqned to be . . . 

chemically.uniform compositions made.totally of ionic 
molecular coni~cJ.ates and are essen#lally devoid_ of 
microscopical1)':. ~r macroscopically ,:'dispersed domains of 
the active dJ;uq'.:·:in the biodeqradable matrix. Examples of 

30 prepared ionic :*101.~cular conjugate~. and pertinent 
. . ·. : .. ~ . . . . 

analytical data are qiven in Tableo:V • 

. ,._::'·.· 
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TABLE Y: IOlllC MOLECULAR COllJUGATE·PEPTIDE IUIUNG 1 

Pol,_r U.ed Peptidez 

50/50 dl L.ctide/Glycolide I . 
CC~rcial) I 
Acid ti • 22,000 JI 

"'"" • o.53 111 

2 Poly L·Lactide I 
ccm.rci•L> II 
"" (IMt) • 2,000 
Acid ti • 850 

3 Poly L·lactfde . I 
cc~rci•l> 
Mw Cave> • 50,000 
Acid ti • 2100 

4 41/48/4 Poly d,1·Lactfde/ 
Glycol ide/1,6 heunediol 
(Method Ill) 
Acid fl• 10,138 
"inh • 0.39 

5 49/49/2 Poly L·Lectic/ r 
Glycolic/Malic Acid I 
(Type II) I 
Acid t • 1400 r 
"1n11 = 0.20 I 

JI 
III 

6 83.3/14.7/2 Poly L·Lectic/ 
Glycolic/Citric Acid 
(Type IA> 
Acid # • 563 
"1n11 • 0.24 

7 49/49/2 Poly d,1·Lmctide/ 
Glycol ide/Mal fc Acid 
(Type II) Ill 
Acid fl • 1200 
"inh • 0.21 

8 48/41/4 Poly d,1•Lmctlde/ 

'· Glycolide/Citric Acid 
(Type Ill) 
Acid • • 519 
"fnh • 0.22 

Loading 

10 
20 
20 
20 

10 
20 

10 

20 

10 
20 
30 
40 
50 
20 
20 

20 

20 

20 

10 

x 
RetMti~ 

47 
25 
73 
41.5 

. 62 
40 

54 

43 

100 
99 
95.5 
96.0 
99.8 
99.8 
77.5 

96 

96 

73.9 

90 

l 

1 ln •ll cues, conjLll8t• ...... formed• outlined in tut using acetarw • solvent and sodi~ 
hydroxide •. bllse. All peptides ua9d wre in the acetete ult fot11. 
2 Peptides: I llM-21003 D•Trp6·LHRHCpGhrHis•Trp•ler•Tyr·'D·Trp-Leu-Arg•Pro•Gly NHz> pies • 10.1 

. I · I 
II llM-23014 CHzN·•·D·N•l·Cys•Tyr•Trp-Lys·V•l·Cys·Thr NH2> pie• • 9.8 

Ill llM·26226 CKzN•D·F5 Phe•Gln•Trp-Ala•Vel•O•Ale·Hfs•Leu•OC"3> plce • 8.0 

3 I Retention: Meesured by rinsing the dried polyester/peptide ionic conjuge~es with D. l. water 
and quantttsting sol~le peptide in rinses by llPLC 

Wt. Peptid! LP!ded • VS· Sohplt Pm!id! 
X Retention • 100I x Wt. Peptide Laeded 

··-·------. ---···-
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131 eopyeratoD of ionia cop1uqa,•• to iwp1apts, rota. 
•icromer•• .01£·aierqpartiale1 cA12@1• ·qf rel.Msiaq ip yivo 
tbe t;Mrapmia:jqegt for at 1••1;· 20 days ip a aopopJua•ia 
profile. The i~~ic conjugate salts of the invention can be 

5 converted to: (A) sterile injectal>le microspheres (with or 
without 0.1 to ioi of a solid polyhydric alcohol as 
processing aid). containing 1 to 50% by weight polypeptide 
that can rele•.-edaccording to an essentially monophasic 
profile and to s~stain pharmacoloqical activity over a 

10 period of one to 12 weeks; (B) sterile implantable films 
made by.· castin<_?, pressing o:z;-· extrusion with or without a 
pharmacologically inactive processing aid, and capable of 
providing a release profile similar to that described in 
(A) a~d; (C) st~rile injectable roc:ls made by extrusion or 

15 pressing, capable of providing a release profile.similar to 
that described in(~). 
In-Vitro Relelse•Assay: 
Samples of th_- ~i.~d and ground ionic conjugate material 
weighing so mq·e~Ch were placed in 25·mm diameter 

20 scintillation v~als A 5 ml aliquot of modified PBS buffer 
(PBS. buffer: 2 •.. 87 gm Na2HP04 , 0.654 gm NaH2Po4 , 5.9 gm 

NaCl, 0.5 gm NaN3 ,. Q.S. 1.0 Liter with Deionized water; pH 
= 7.27.) was added to each vial anci the vials were placed 
in a Lab-Line .Orbit Environ-Shaker and swirled at 120 

25 R.P.M. and 37°C.· Vials were withdrawn periodically and 
decanted and r~pl4!11ished with fresh PBS solution. The 
amount of releil.1184.peptide was determined from the decanted 
PBS solutions·~; llPLC. . 
Peptide Ext;rac;;ti(;n From Ionic conj·ugates: 

3 o A so mq sample Of: •·a,n ionic molecular conjugate was mixed 
into 20 mls of ~ethylene chloride. · The mixture was 
sequentially extraCted with 50 ml, 20 ml and 20 ml portions 
of 2N acetic acid. The acetic acid extracts were combined 
and analyzed for peptide content by hiqh performance liquid 

: :-: 

35 chromatography (8PLC). Peptide ana~ysis by HPLC is as 
follows. HPLC analysis were perfo,rmed using a Waters model 
M-45 solvent dellv~ry pump and an EM Science MACS 700 
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detector at wave1ength 220 nm and 1.0 AOFS. Peptides were 
run using a Lichrospber (EM separations) c1s,100A, 5µm, 
25cm·x 4.6 mm column and 30% acetonitrile/O.lt TPA as an 
isocratic eluent buffer. 

5 Following are details (Table VI) of the in yitro assay 
demonstrating the amount of peptide released over a 28 day 
period for 49:49:2 L-Lactic/Glycolic/Malic\D-Trp6[LHRH] 
(Example #8), 49:49:2:L-Lactic/Glycolic/Malic\Somatostatin­
Tumor Inhibiting Analogue (Example #9), and 73.5:24.5:2 

10 poly-L-lactide/glycolic/Malic:D-Trp6 [LllRH] (Example #10) 
ionic molecular conjugates. Fiq. l shows the qraphic 
representation of these data. 

TABLE VJ IN·YJTRO ASSAY QATA 

15 DAY OF ASSAY PERCENT OF TOTAL PEPTIDE RELEASED 

li1S•l1 a fium&s !2 l!!!ll!:ll !UI 
1 5.5X 12.5X ux 
7 26.ft 21.31 SD 
14 55.ZX 47.31 551 

20 17 84.4X 72.ZX 60X 

21 98.61 82.SX 66X 

24 100X 98.ZX 751 

28 99.61 

25 Quantitatign gf Peptiges in Xgnic CQDiugates 
Ionically bound peptides in the conjugate products were 
measured by dissolving 10 mg samples in 5.7 ml of a 9:1 
~. . 

~~xture of acetone and o·.lM aqueous trifluoroacetic acid. 
The solutions were swirled at 25°for 15-24 hours and then 

30 filtered throug~ o.s µm 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 µm 
1001 column, flow rate l.O ml per minute using 35% 
acetonitrile in 0.14% sodium perchlorate buffer as an 
isocratic eluent system. Peptides were quantified by 
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comparison of the area of the correct peak in the sample 
run with the area of a injected peptide standard. 

Yu 
Any of the:acid-bearinq polyesters/polypeptide 

5 ionic conjuqates .described herein can be administered to 
a recipient alone or in combination with a 
pharmaceutically•acceptable medium. Althouqh it may be 
convenient to administer subcutaneously, intramuscularly, 
parenterally, by suppository or nasally, the therapeut:ic 

10 preparation is administered in accordance with the 
condition to be treated. The concentration of the 
composition in the formulations of the invention will 
vary dependinq.upon a number of issues, includinq the 
dosaqe to be admi~istered, and the route of 

15 administration. 
Without further elaboration, it is believed that 

one skilled in the art can, usinq the precedinq 
description, utilize the instant invention to its fullest 
extent. The followinq embod_iments are, therefore, to be 

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

25 

BDDLB 1 -- .D~UC'I COJIDBlf8A'9:tOB mBOD -- syntbe•i• o~ 
50/50 Poly (D,L-Lactic-ao-glycolia) catalysed ~y 1'1lerlyat 
15 

D,L-lactic aQid (85t aqueous mixture; 13.7 gm, 0.13 
' . 

mole) was mixed:wi1:h qlycolic acid (10 gm, 0.13 mole) was 
mixed with qlycolic acid (10 gm, 0.13 mole) in a round 
bottom flask -fitt•4·with a maqnetic stirrer, a Dean-stark 
trap and a water; cooled condenser. Toluene (100 ml) and 

30 Amberlyst 15 beads. (100 mq) were acided and .the mixture 
was refluxed under nitroqen for 72 ~ours, removinq water 
from the mixture~:. The 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 mq), ·fciltered and vacuum dried in a rotary 
··----··. ------ ·- .... _ .... 
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evaporator. The polyester was furt,her dried under high 
vacuum (1 mm Hg) at 40°C to afford a white powder. 

(~inh in CHC13 = 0.3, Acid # = 2439, Tq = 12°c) 

BDDLB 2 -- DIUC'! COllDDSA~IOR JlftBOD -- SJDthe•i• of 
s 41/49/2 Poly(L-Lactic-co-9lycolic/citric) catalysed by 

Mlberlyat 15 

Usinq a system similar to above L-lactic acid (88% 
aqueous mixture; 25.6 gm., 0.25 mole) was com):)ined 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 w~s heated with stirrinq. to reflux for 51 
hours·, removinq 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 evapQrator. The solid 
polyester was then redissolved in m•thylene chloride and 
was washed twice with water (2 x 150 ml) to remove 
soluble oliqomers. The orqanic 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). 

(~inh in CHC13 = 0.11, Acid # = 842, Tg = 15°C) 

Q,UIPLB 3 -- 8~ Gll01l'1'JI POL~D~IOll mBOD 
25 87Jlth••i• of 73.5/24.5/2 Pol7(L-Lactida-ao­

ql7aolia/-lia) aatal.ysed by -lie acid. 
Usinq a 150 ml capacity cylin~ical ampule with an 

air impinqer fitting L-lactide (20 gm, 0.139 mole) was 
com):)ined with qlycolic acid (7.1 qm~ 0.093 mole) and 

30 (d,1)-malic acid (1.0 gm., 0.0075 mole). The mixture was 
aqitated by bubblinq nitroqen throuqh the impinqer 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. t.f,~P on the react~~-· ~~t~e~ --~~~!-·--·---~~er 
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70 hours the reaction was cooled to 1oo•c and poured into 
a chilled stainless steel receiver for hardening. The 
solid polyester.w-.s then dissolved .in methylene.chloride 
and was washed twice with water (2 .x 150 ml) to remove 

.·.· 

5 soluble oliqomers. The organic so~_ution was concentrated 
on a rotary evaporator and the prod'U,ct was thoroughly 
dried under vac:Uum to afford a white solid (see Table II, 
Type II Polyester·, Polymer #2). 

(rJinh in CHCl3 - 0.13, Acid# - 1800, TCJ - 27°C) 

10 BDDLB 4 -- IUB~ OPDJ:BG POLYmJ:l,A'!J:OJI JIB'!BOD -­
Synthesis of 75/25 poly(L-lactide-co-ql?colide) initiated 
by -lie acid. 

L-lactide (12.0 g, 0.0833 mole), _qlycolide (3.21 q, 
0.0211 mole), malic acid 0.3042 g, 0.00227 mole), and 

15 stannous octoate catalyst (0.33 M in toluene, 67 #'L, 
0.022 mmole) were added under dry nitrogen conditions to 
a glass ampule with a magnetic stirrer. The system was 
purged with N2 and evacuated with vacuum several times 
before sealing the ampule. The reactants were then 

20 melted at 140°C and the mel~ was heated at 180°, 190°, 
180°, and 1so• for 1, 4.5, 12, and_2 hours, respectively. 
After coolinq to room temperature, the polyester was 
reheated to 11o•c under a vacuum of less than 1 mm Bq for 
a))out one hour to remove monomer, recooled at room 

25 temperature, qu~ched in liquid nitrogen, isolated and 
c:lried under vacuum· 

('11nhin CBCl3 - 0.20, Aci~_· # - 2560, Tg = 39°C) 

BDllPLB 5 --RJ:BG()jlmtJ:BG POLDBRIWIOB llB'!JIOD-­
Synthesis of 50/50 ·poly(D,L-lactid8,;.i;;ao-glycolide) 

30 initiated by citric acid. 
D,L-lactide (10.0 9, 0.0694 m9le) was mixed with 

glycolide (8.06.g, 0.0694 mole), citric acid (1,07 q, 
0.00555 mole) and stannous octoate :Catalyst (0.33 M in 
toluene, 84 1£L, 0.(),278 mmole) undeJ:'<;°a dry nitrogen 

3 5 atmosphere in a ·glass ampule containing a magnetic stirrer 
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and sealed under vacuum. The reactants were melted and 

heated at 1so•, 185°, 195°, and i2o•c for 1, 2, 1, and 9 

·hours, respectively. The polyester was cooled to room 

... f .. :' _
5

; .· · :r~=~ature, quenched in liquid ni troqen, isolated, and 

(~1nhin CHCl3 - 0.26, Acid # = 970, Tq = 23°C) 

. ·,.· 

BDllPLB 6 --RJ:BQ OPBl1%BQ POLDID%~'fIOB lllmlOD -- Synt:heais 
of 50/50 poly(D,L-lacti4e-co-qlyc:0114•) init:iate4 by 1,&-

10. Using a system similar to those described above, D,L-
· · · i·actide (10.0 g, 0.0694 mole), glycolid~ (8.06 9, 0.0694 

mole) , 1, 6 .. hexanediol ·( O. 656 9, o. 00555 mole) , and stanno\J,s 
octoate (0.33 M in toluene, 84 µL, 0.0278 mmole) were added 

. · ... _ )-. .. · under dry nitrogen conditions to a glass ampule which was 
:.15 · •· subsequently sealed under vacuum. The constituents were 

-.:. :.-·· 

.· .. ' .. 

·'·. · .. 

L:- .heated at 1so•, 185°, 150°, and 120°c for o.s, 4, l, s, and 
· 3 hours, respectfully. The resulting polyester was 

··recovered and dried (see Table III, Type III Polyester, 

Polymer #5). 
.. 20 (~1nhin cliCl3 = 0.39, Acid # = 10,138, Tg = 30°C) 

BDllPLB 1 -- ~IODL %ftDa&a.11GB .. OD - Synthesis of 
• ... : .. carmzylic-M&riD9 50/50 poly(D,L-1&~1;i4e-ao-9lycoli4~). 

,· 50/50 poly(D,L-lactide-co-glycolide) (Boehringer AOOl, 
a.:. q) , citric acid (O. 8 q, 4 .16 mmol.e), .··and stannous octoate 

··: (.2 ·drops) were added to a qlass ampule, under dry nitroqen 
·. ···: ·.·' 

. · .<: 

:·:.(·.-: 

.· conditions and sealed. The mixture was heated at 150° for 
·4 hours, cooled to room temperature, quenched in liquid 

:. : nitroqen, isolated, and dried (see Table IV, Type IV 

.:. · Polyester, Polymer #1) • 
. · .. 

.··.30··.··. (qinhin CHC13 = 0.26, Acid # = 670, T9 = 23 C) 

·BDllPLB 8 -- synthesis of a C9:C9:2 L~r,&atia/Glyco~ia/Jlalic 
. <••• ~abl• I, Pol711•r #C). an4 o-~rp6 · :r:EJm.1. ionic aolecular 
•... conjuqate • 

.·:_ . .-·· 
... ,., : . 

."··.:---:- _.:-. . ... 
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500 mg ot 49:49:2 L-Lactic/G1ycolic/Malic (synthesized 
by direct condensation; Mw • 9,500; Acid# = 1420) was 
dissolved in 10 mls of Acetone (Mallinckrodt Analytic 

.. Reagent). A portion ot O.lN sodium hydroxide .solution 
(1.14 ml) was added and the mixture was stirred at room 
temperature for 15 minutes. A solution ot 100 mq of D-Trp6 
fLHRH] (BIM-21003 Peptide I; base content 87%, acetate 
content 7t) in 1.0 ml water was added and the mixture was 
stirred for 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 Hq 
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. · > is ·. : ]Ilg soluble peptide. The solid material was dried several 

... _, days in vacuo to ~i ve 540 mg of white powder. The powder 
was used in an in yitro assay (see Table VI, Example #8) .• 

.. ·. : 

lDC&KPLB t-- Synthesis of a 49:49:2 L-lactic/ql7colic/~lic, 
~ee Table I, polymer #4) and_somatostatin/Taaor IDhil»itizaq 

· · < ; io • AD&l.oque ionic aol.ecular conjugate. 

:· .: ::". 

·. ·.-':: __ ·· 

·:..:. . . ~ : : 

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 O.lN sodium hydroxide solution 

25. (0.32 ml) was added and the mixture was stirred at room 
temperature for 15 minutes. . A solut~on of 20 mq of 
SoJaatostatin/TUaor Inhibiting Anal~e (BIM-23014 Peptide '.:·,_. II; base content 83t, acetate conte~t 9.8%) in 1.2 ml water . 

; .· 

was added and the mixture was stirred' for 1 hour at room : : · < 30 · temperature. The sol vents were then :'removed, first by ...... · .. - . .Rotovap at T<40°C and then in a desi~pator for l hour at 
: room temperature under l mm Hq vacu•.~ The dried solid was " ': triturated and stirred in 20 mls of ··O~ionized water and · . , , isolated by filtration. The aqueou$ ;<filtrate was tested by 

< 3-5 : JiPLC and found to contain <0. OS mq .~()Juble peptide~ The 
. . . . . "• . ' ': · ... :~ '.· 

.··.:· 

·. . . ~ . . . ·." 

"·:·-:;· 

· .. : .'­.. -· 

-solid material was dried several days:. in vacuo to qi ve 106 
- . - - . -- ----­. ····- - ----·---- -- -- -- - -
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mq of white powder. The powder was .. qround and used in an 
in vitro release assay (see Table VI, Example #9). 

BDllPLB 10 -- SJiltbe•i• Of a 73.5124.5:2 poly L­

laatide/qlycolic/m.lic C••• Table II, ••• polyaer #2) and 
5 D-Trp6 (LIDUI] ioaicl molecular CODjucJ .. t•. 

soo mq of 73 •. 5:24.5:2 poly L-lactide/glycolic/malic 
(synthesized by step qrowth of acylized products; Acid# = 
1800) was dissolved in acetone (16ml). A portion of o.1N 

sodium hydroxide -~elution (2.8 ml) w~s added and the 
10 solution was stirrE!d at room temperature for 20 minutes. A 

solution of 200 mg of D-'l'rp6 [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 andtjle resultinq solid was triturated in 

15 deionized water as.in Example 8 indicatinq less than 1% 
soluble peptide sa_lt present. The isolated solids were 
dried 4 days in vagµo to qive 839 mq of white powder. The 
powder was qround· and used for in vitro release assay (see 
Table VI, Example #10). 

20 . BxaKPLB 11 -- l'OJ:ll&tioa of ••ptide-pC)l71iU' Ionia CODjUCJ&t• 

Kicropartiale 1.50 of L-lactide/qlyaQlicle/d,l -lie acid 
polyester <•s; 33; 2). 

conjuqatea we,re synthesized by ring openinq 
polymerization as in example 4 (MW= .4700 polydispersity = 

2 5 1~-3 as determined . b)' GPC on a Jordi Gt!l so x 1 cm mixed 
linear bed colmm,'l'llF eluent, Wyatt i.lini Dawn light 
scattering detector dn/dc = o.os, acid #1475 by titration, 

·; ·.: 

T9 = 42°C], was dissolved in 40 ml Of'.:'.1lcetone. The acid 
qroups were neutralized with 2.0 ml of 0.5 g of BIM-23014 

30 (peptide content 8l.7t, acetate con~~nt 11.5%) in 20 ml of 
Milli-Q water was. slowly added with m:l?Cing to the polymer 
solution. An additional 40 ml of a·c~t~ne was also added 
portionwise during the peptide addi~ioh to prevent 
precipitation. The clear, colorless s~lution was stirred 

35 · for one hour an4 tl;len evaporated to dryness under vacuum. 
-··---·-----~·-·-··-· ~-.--· -- - ···--··-· ·-- --·-· ----····"···-·--· 
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The resultinq white solid was redissolved in a mixture of 
20 ml of acetone and 2 ml of Milli-Q water to form a clear 
solution. This solution was injected, via a 0.2 JS teflon 
filter· into a rapidly stirring reservoir of soo ml Milli-Q 
water at 4°C • The polymer/peptide complex phase separated 

· ·. · · immediately into small particles upon contact with the 

'.:·.:· ·, 

water. After mixinq the slurry for 30 min at 4°, the 
residual acetone was removed under. reduced pressure and the 
solids were isolated by centrifuqation, resuspended with 
100 ml of Milli-Q water, and recentrifuged. The isolated 
solids were dried by lyophilization to give 1530 mg of 
white free flowing powders. Particles ~ize range = 2 - 100 

, ·. . µm. The T9 of the ionic conjugate was shown to occur at 
53°C. Total residual (unbound) peptide in all aqueous 

·is .· supernatents ·was found to be 63 mg by HPLC analysis. The 
total initial peptide content was determined by elemental 

.·.; "; .. 

,._- .. : 

nitrogen analysis to be 19.9t by weight. The percentage of 
extractable peptide from the conjugate was determined to be 

· .16.9%, by weight, using the acetone/O.lM TFA extraction 
2() technique. The resulting conjugate, thus, retains 84.St 
···.' ionic (extractable) character. 

From the foregoing description, one skilled in the art 
·.Can easily ascertain the essential ~aracteristics of this 

• , invention, and without departing from . the spirit and scope .· ...... ·. 
25: t11ereof, 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: 

---- ·--·----- --

1iii11ii 



··········- - -·········~---··· - . ....... ------·· .. ·-·-··--·-·-·····--····--··-· 

WO '4115517 PCTIUS94loot41 
·:.=·.·.···. 

. 11p1D119~u1H1 ~•• 
.. · • .·_._C . L M s * ·.· .. 

- 28 -

Claims 

. ·:.::·· 

··: .. _. :>· . 

1. A composition comprising a polyester containing 
one or more_ fre~ COOH qroups ionically conjuqated with a 
bioactive polypeptide comprising at least one effective 
ionoqenic amine, wherein at least 50%, by weiqht, of the 
polypeptide pres.ent in said composition is ionically 
conjuqated to said polyester. 

2. The composition of claim 1, wherein said 
polyester has a carboxyl to hydroxyl ratio qreater than 

-10 one. 

3. The composition of claim l, wherein said 
polyester is compos'd of a member chosen from the qroup 

· of L-lactic acid; D-lactic acid; DL-lactic acid; £­

caprolactone; p•dioxanone; £-caproic -~cid; alkyl~e 
· 1s · . oxalate; cycloalkylene oxalate; alkylene succinate; /J­

hydroxybutyrate; substituted or unsubstituted 
trimethylene carbonate; 1,5-dioxepan-2-one; 1,4-dioxepan-
2-one; qlycolide; qlycolic acid; L-lactide; D-lactide; 
DL-lactide; meso-lact.ide; and any optically active 

20\- · isomers; racemates or copolymers thereof. 
· ..... 

4. The composition of claim 1, wherein said 
polyester is partially acid-tipped with qlutaric 

·'.::.:anhydride. 

s. The composition of claim 1, wherein said 
25 polyester is fully acid-tipped with qlutaric anhydride. 

6. The composition of claim 1, wherein said 
·polyester has an average degree of pol¥Jllerization between 
·10 and JOO. 

----·-·--···· - ·-----·----- ------ -- -

' ·: 
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7. The composition of claim 1, wherein said ;•: 

polyester has a viscosity of about 0.05 - to about o.7 . , .. ·· dl/g in chloroform and an average molecular weight of 
about 1200 - 40,000. 

·. 5 8. The composition of claim 1, wherein said 
·bioactive 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 s~id composition is 10 . ionically conjuqated to said polyester. 

10. The composition of claim 1, wherein said · · ··. ·polypeptide is chosen from the qroup consistinq of LBRH, 
somatostatin, bombesin/GRP, calcitonin, bradykiiiin, 

,galanin, MSH, GRF, amylin, tachykinins, secretin, PTH, 15 . · • CGRP, neuromedins, PTHrP, glucaqon, neurotensin, ACTH, ,·_. ':• 

GHRP, GLP, VIP, PACAP, enkaphelin, PYY, motilin, 
.substance P, NPY, TSH, and analoqs or fragments thereof. 

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

12. A method of synthesizinq a composition 
comprisinq (a) providing a polyester an:d a bioactive .,, :polypeptide having at least one effective ionoqenic 25:;. •· amine, and (b) ionically conjuqating said polyester to :::said polypeptide to form an ionic molecular conjuqate in _ which the polypeptide is ionically conjugated to the 

·::polyester. 

.>·· 13. The method of claim 12, wherein at least 50%, Jo·> -by weiqht, of the polypeptide present in the composition .• •. is ionically conjuqated to the polyester. -------··-- __________ _ 
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14 • The method of claim 13, . wherein said 
polyesters possess acid-tipped hydroxyl end groups. 

15. The method of ·claim 14, wherein said hydroxyl 
end groups are partially acid-tipped wlth qlutaric 

s anhydride. 

16. The method of claim 14, wherein said hy4roxyl 
end groups are fully acid-tipped with qlutaric anhydride. 

17. The method of claim 13, wherein said polyesters 
are synthesized usin9 hydroxy polycarl;Joxylic acids chain 

10 · initiators. 

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

19. The method of claim 18, wh~ein said hydroxyl 
·.end-groups are partially acid-tipped with 9lutaric 

. 15 · anhydride. 

20. The method of claim 18, wherein said hydroxyl 
end-groups are fully acid-tipped with qlutaric· _anhydride. 

21. The method of claim 13, wherein the synthesis 
of said polyester results in an averaqe degree of 

20 · polymerization between 10 and 300. 

22. The method of claim 21, wherein said polyester 
has a carboxyl to hydroxyl end qroup ratio qreater than 

··.one. 

··-·····-···---··· ··---- ····-· ····- - ·- . --
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23. The method of claim 13, wberein synthesizinq said polyester/polypeptide ionic .moledular conjuqate comprises: (a) dissolvinq the polye•ter in tetrahydrofuran, acetone, or ethylene qlycol 5 dimethylether followed by addinq a base; and (b) addinq an aqueous solution of a polypeptid,eor salt of a polypeptide at polypeptide/polyester loadinq levels of 2t to 50% w/w (polypeptide/polyester). 

24. The method of claim 23, wherein said 10 polypeptide is a salt of an acid havinq a pKa qreater than or equal to 3.5 

25. The method of claim 23, wherein said polypeptide comprises 1 to so percent by total ·weiqht of said ionic conjuqate. 

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, wherein said reaction .· results in the formation of an ionic bc:11nd between said 20. · reactants. 

28. A composition made ):)y the process of claim 12. 

29. A method of syntbesizinq a microparticle comprisinq (a) dissolving 0the composit~on of claim 1 in an aprotic, water miscible organic solyent; .(b) mixinq 25 said orqanic sol vent in water; and ( c) ':isolating said ·microparticles from said water. 

30. The method of claim 29, wherein said organic solvent is chosen from the group cons~s~.ing of acetone, ac::etonitrile, tetrahydrofuran, dimethylformamide, and 30 dimethyoxy ethylene qlycol. 

' • .. 
' 
~ .: 
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