PHARVACEUTI CAL COWVPCSI T/ ONS FOR SUSTAI NED RELEASE DELI VERY OF

PEPTI DES RELATED APPLI CATI ONS 5This application clains priority of
U.S. Provisional Application No. 60/830,011, filed July 11, 2006, the
contents of which are hereby incorporated into this application by
reference. 10Throughout this application, various Publications are
cited. The disclosure of these publications is hereby incorporated by
reference into this application to describe nore fully the state of
the art to which this invention pertains. 15 BACKGROUND OF THE

I NVENTION 1. Field of the Invention This invention relates to
the field of controlled rel ease delivery of therapeutic peptides and
to 20 conpositions and nethods useful for controlled rel ease delivery
of therapeutic peptides covalently nodified with one or nore

| i pophilic hlob lic | ecul es. 2. Des tion of the Rel ated
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This appllcatlon claims priority of U.S. Provisional

Application WNo. 60/830,011, filed July 11, 2006, the

contents o©of which are hereby incorporated into this

application by reference.

10 Throughout this application, various publications are
cited. The disclosure of these publications 1is hereby
incorporated by _reference into this application to
describe more fully the state of the art to which this
invention pertains.
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BACKGROUND OF THE INVENTION
1. Field of the Invention

This invention relates to the field of controlled
release delivery of therapeutic peptides and to

20 compositions and methods useful for contrclled release
delivery of therapeutic peptides covalently modified with

one or more lipophilic or amphiphilic molecules.

2. Descript;on of the Related Art

25 Peptides, alternatively referred to as ocligopeptides,
polypeptides and proteins, have been widely used as
therapeutic agents. The peptides may be conveniently
produced by recombinant DNA technology or may be
synthesized by well-established peptide synthesis

30 technology. However, many peptides are susceptible to



2 enzymati c degradation and have a very short in vivo circul ation

hal f-1ife. Therefore, nost peptide nedicines have been adm ni stered
by injection, typically multiple tinmes per day. It would be extrenely
beneficial if such 5 peptides could be delivered in a controlled

manner for extended periods of tine to inprove safety, efficacy and
patient conpliance. Bi odegradabl e pol yners have been used for
sustai ned 10 delivery of therapeutic peptides. The peptide is
general ly incorporated into the polymerixc conposition and formed into
desi red shapes such as rods, wafers and mcroparticles. outsideof the
body. Thesesol i d conpositions can then be inserted into the body
through an 15 incision or injection. Alternatively and preferably,
some of theepoyyaeirdc dumpaktions aen bavenj ect edriynt ehbbe bedy asva
liquid poly n forynan | ant Sit nj ectabl e
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5,278,202; 5,278,201; and 4,938, 763. As described therein, a

bi oactive agent is dlssolved or dispersed in a

Biodegradable polymers have been used for sustained

10 delivery of therapeutic peptides. The peptide is generally

incorporated into the polymeric composition and formed
into desired shapes such as rods, wafers and
microparticles  outside of the body. These solid

compositions can then be inserted into the body through an

15 incision or injection. Alternatively and preferably, some

of the polymeric compositions can be injected into the

body as a liguid polymeric composition to form an implant

in situ. Injectable liquid biodegradable polymeric

compositions for in situ forming implants to deliver drugs

20 in a controlled manner are described in the patent

literature. The following references are believed to be

representative in this area and are incorporated herein by

25
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reference:
6,461,631;
5,990,194;
5,744,153;
5,681,873;
5,278,202;

U.S.

Pat.
6,395,293;
5,945,115;
5,739,176;
5,599,552;

5,278,201;

a bicactive

agent

Nos.

and 4,938,763.

dissolved

is

6,355, 657;
5,782,469;
5,73e6,152;
5,487,897 ;

6,565,874;

6,528,080;

6,261,583;
5,780,044;
5,733,950;
5,340,849;

RE37, 950;
6,143, 314;
5,759, 563;
5,702,716;
5,324,519;

As described therein,

or

dispersed

in a

biodegradable polymer solution in a biocompatible organic




30 bi odegradabl e polyner solution in a bioconpatible organic 3
solvent to provide a liquid conposition. Wen the |liquid conposition
is injected into the body, the solvent dissipates into the
surroundi ng aqueous environnent, and the polymer precipitates to form
a solid or gel depot from5 which the bioactive agent is rel eased
over a long period of time as the polyner degrades. The use of such a
delivery systemwas exenplified in the delivery of leuprolide acetate
to treat advanced prostate cancer (EligadTn). Notw thstandi ng some
success, those nethods 10 have not been entirely satisfactory for a
| arge number of peptides that may be effectively delivered by such an
approach. For many therapeutic peptides, acylation and/or degradation
of the pept$db8@@ncapsmnﬂﬂﬂﬁérﬁpéﬁy@ﬁﬂ-ﬁbﬁpbﬁd&ﬁd&ﬂXﬂ@&ﬂCﬂhed&ﬁqﬁ;d
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of time as the polymer degrades. The use of such a
delivery system was exemplified in the delivery of
leuprolide acetate to treat advanced prostate cancer
(Eligard™). Notwithstanding some success, those methods
10 have not been entirely‘satisfactory for a large number of
peptides that maf be effectively delivered by such an
approach.
For many therapeutic peptides, acylation and/or
degradation of the peptides encapsulated in poly (DL~
15 lactide-co-glycolide) microspheres have bheen observed
during the release process [e.g., Na DH, Youn YS, Lee 50,
Son MO, Kim WA, DeLuca PP, ILee KC. J Control Release.
2003, 892(3):291-39]. The nucleophilic functional groups on
peptides can not only react with the biodegradable
20 polymer, but also can catalyze the degradation of the
biodegradable polymer. It was also found that the
acylation and/or degradation could cccur_much faster in
polymer sclution than in the solid state. For example,
when octreotide acetate was mixed with 50/50 poly(DL—
25 lactide-co-glycolide) having a carboxy terminal group
solution in NMP, more than 80% of octreotide was acylated
and/or degraded within 24 hours. The interaction/reaction
between the peptide and polymer or its degradation
products can occur during formulation, storage and

30 administration. Therefore, in order to maintain the




acyl ation and/ or degradation could occur_ much faster in polyner
solution than in the solid state. For exanple, when octreotide
acetate was m xed with 50/50 poly(DL- 25 | actide-co-glycolide) having
a carboxy term nal group solution in NWMP, nore than 80% of octreotide
was acyl ated and/ or degraded within 24 hours. The

i nteraction/reaction between the peptide and polyner or its
degradati on products can occur during fornulation, storage and 30

adm nistration. Therefore, in order to mpintain the 4 stability of
the formulations, the peptide is typically supplied in a separate
syringe while the rest of the conponents are packed in another
syringe. The contents in the syringes are m xed just before use.
However, beghaiBelbtwf ofhetive sdorsudativaesef thwe pebyhde fjesr nuypl.cabyy
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product s. contamination may also occur and, thus, the quality of the

10 treatment can be compromised significantly. Furthermore,

the in-situ formation of the solid implant f£rom the

injectable liquid polymer formulation is a slow pProcess.

Typically the solvent dissipation/diffusion process can

take a few hours to several days or even longer depending

15 on the solvent used. During this period, the presence of

organic solvent could promote the interaction/reaction
between peptide and polymer or its degradation products.

In addition, during the formation of the implant, the

rate of diffusion of the peptide from the coagulating

20 polymeric composition may be much more rapid than the rate

of release that occurs from the subsequently formed solid

implant. This initial "burst"™ release of peptide during

implant formation may result in the loss or release of a

large amount of the therapeutic peptides. If the peptide

25 is particularly toxic, or has a narrow therapeutic window,

this initial release or burst is likely to lead to toxic

side effects and may damage adjacent tissues. Therefore,

the slow formation process of solid implant and the

instability of the bicactive agents and/or excipients

30 represent a very significant challenge to use this type of




In addition, during the formation of the inplant, the rate of

di ffusion of the peptide fromthe coagul ati ng 20 pol yneric
conposition may be nmuch nore rapid than the rate of rel ease that
occurs fromthe subsequently forned solid inplant. This initial
"burst” release of peptide during inplant formation may result in the
| oss or release of a |arge anbunt of the therapeutic peptides. If the
peptide 25 is particularly toxic, or has a narrow therapeutic w ndow,
this initial release or burst is likelysto |ead to toxic side effects
and may danmage adj acent tissues. Therefore, the slow formation
process of solid inplant and the instability of the bioactive agents
and/ or excipients 30 represent a very significant challenge to use
this type oferm¥agrinnsatfonsstorabuysd ai nbelr sl dabiveeyi vér phetapeutic
t her apeut i ddes. Coval ent nodification of peptides with

| i pophilic nolecules, such as fatty acids, has been described to 5

i mprove t her apeHI &4 caradifidaicramasiofy vepsdadasi nyikal f lipbehihic
Vi vo t hr ough, i g t bugin. 7 - ER 686-.A2,.
6268343, Knydséﬂgf%% N%g%?éngEF,fiiﬁgf%@%F%Pcfgaghéﬁggﬁ %%F%%ﬁgggn &?
Peder ser FAMPHRSfer S TRPeNtien sMEisgeysoby. Pocsaesdasi vatreasading

10 gl ucagomzdiel pept i devi vy tch RRILTBGGIHIRRE 11C PLPREHIAES [(EP0708179-
AZ, EP0699686-A2, US 6268343, Knudsen LB, Nielsen PF,
Huusfeldt PO, Johansen NL, Madsen K, Pedersen Fz,
Thogersen H, Wilken M, BAgersc H. Potent derivatives of

10 glucagon-like peptide-1 with pharmacokinetic properties
suitable for once daily administration. J Med Chem. 2000,
43(9):1664-9; Kurtzhals P, Havelund S, Jonassen I, Kiehr
B, Larsen UD, Ribel U, Markussen J. Albumin binding of
insulins acylated with fatty acids: characterization of

15 the 1ligand-protein interaction and correlation between
binding affinity and timing of the insulin effect in vivo.
Biochem J. 1995;312 (3):725-31, and references cited
therein]. Although the lipophilically modified peptides
showed prolonged action in vivo compared with the native

20 peptides, the plasma residence time of the modified
peptides is limited by its binding affinity to albumin.
One successful example is an acylated insulin (Detemir)
which has a circulation half-life of 10.24+1.2 h. fHavelund
5, Plum A, Ribel U, Jonassen I, Vslund P;, Markussen J and

25 Kurtzhals P, Pharmaceutical Research, 2004; 21 (8), 1498-
1504). This product has been approved for injection to
treat patients with type I diabetes. However, it still
needs to be administered to patients everyday. Therefore,
there is a great need for a stable composition in which

30 the rate of delivery of certain peptides can be more



suitable for once daily adm nistration. J Med Chem 2000,
43(9):1664-9; Kurtzhals P, Havelund S, Jonassen |, Kiehr B, Larsen

UD, Ri bel

U, Markussen J. Album n binding of insulins acylated with

fatty acids: characterization of 15 the |igand-protein interaction
and correlation between binding affinity and timng of the insulin
effect in vivo. BiochemJ. 1995; 312 (3):725-31, and references cited

t herein].

Al t hough the lipophilically nodified peptides showed

prol onged action in vivo conpared with the native 20 peptides, the
pl asma residence tinme of the nodified pébtides is limted by its
binding affinity to al bumn. One successful exanmple is an acyl ated
insulin (netemr) which has a circulation hal f-1ife of 10.21.2 h.
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sustained release over a long periocd of time.

SUMMARY OF THE INVENTION

It was unexpectedly found that covalently modified
peptides with one or more lipophilic and/or amphiphilic
molecules could be formulated with biocdegradable polymers
resulting in significantly improved stability and
sustained release profiles relative +to non-conjugated
peptides. Lipophilically and/or amphiphilically modified
peptides could not only prevent the uncontrolled random
acylation and degradation of the peptides during tha-
formulation, storage and subsequent 1In vive release
processes, but could also reduce the undesired initial
burst release of peptides. Such delivery systems allow
higher concentrations of a therapeutic peptide to be
safely incorporated into a biodegradable polymer delivery
system. The efficacy of such products is alsc improved,
since a much greater percentage of intact active peptide
remains in the delivery system for sustained release and
is not lost by degradation during the formulation,
storage, administration and subsequent release in vivo.

Accordingly, the present invention provides novel
pharmaceutical formulations for controlled, sustained
release of therapeutic peptides. The compositions of the
present invention comprise (a) a peptide that is
covalently conijugated with one Oor more lipophilic
melecule (s); (b} a Dbiodegradable polymer: and (c) a
pharmaceutically acceptable organic solvent. The peptides

are covalently conjugated with one or more lipophilic



1504]. This product has been approved for injection to treat patients
with type | diabetes. However, it still needs to be adm nistered to
patients everyday. Therefore, there is a great need for a stable
conposition in which 30 the rate of delivery of certain peptides can
be nore 6 readily controlled, especially for a peptide that requires
sust ai ned rel ease over a long period of time. SUWARY OF THE

| NVENTI ON 51t was unexpectedly found that covalently nodified
peptides with one or nore lipophilic angjor anphi philic nol ecul es
could be fornul ated wi th bi odegradabl e polyners resulting in
significantly inproved stability and sustained rel ease profiles

rel ative to non-conjugated 10 peptides. Lipophilically and/or

anphi phi I'i calbi y-apdi £ § e?np%l?}cihdea’s xﬁQHAQr“%aQ“' %ﬁméé{ﬁg& 1084 peptide
uncontrol l ed random acyl ation and degradation of "t he p ﬁ?l es HuPlng
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but coul d ahseshk &h%ei'ﬁqﬁ%i reds {0 tial 113 byg st rel ease ?Bgmical

pepti des. Such ellverg syStens al Il ow hi'gher concentrations o
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i nproved, since a much greater percentage of intact active pep9|8e 5
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subsequent rel ease in vivo. ) ccordlngly, the present invention
provi des ndRRVYPar n8EBEFRRI MSARG atd onBPrERaceRE+ORIbY, 3GSERFABRdS

organic solvent. The formulations of the present invention

10 not only enhance the stability of the peptide during

formulation, storage, administration and subsequent

release, but also improve its release profiles with lower
initial burst levels and sustained duration.

In another aspect, the present invention provides a

15 composition comprising (a) a péptide that is covalently

conjugated with one or more amphiphilic moieties:; (b) a

bicdegradable polymer; and () a pharmaceutically

acceptable organic solvent. The peptides are covalently

conjugated with one or more amphiphilic moieties in such a

20 manner that the conjugated peptide retains most or all of

the biological activities of the unconjugated peptide

while it has an enhanced chemical resistance to the

reaction with the biodegradable polymer both in vitro and

in vivo, relative to the wunconjugated peptide. The

25 amphiphilically modified peptide is then formulated by

dissolving or dispersing in a biodegradable polymer

solution using a pharmaceutically acceptable ‘organic

solvent. The formulations of the present invention not

only enhance the stability of the peptide during

30 formulation, storage, administration and subsegquent



25 rel ease of therapeutic peptides. The conpositions of the present
invention conprise (a) a peptide that is covalently conjugated with
one or nore lipophilic nolecule(s); (b) a biodegradabl e polyner; and
(c) a pharmaceutically acceptable organic solvent. The peptides 30
are covalently conjugated with one or nore |ipophilic 7 nolecul e(s)
in such a manner that the conjugated peptide retains nost or all of
the biological activities of the unconjugated peptide while it has an
enhanced chem cal resistance to reaction with the biodegradable
polymer both 5 in vitro and in vivo, reBative to the unconj ugat ed
peptide. The lipophilically nodified peptide is then fornmul ated by

di ssol ving or dispersing in a biodegradabl e polyner solution using a
phar maceut i cal C ot ic_solvent.. The farmulations,of. the
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provi des a 9 tdwhresiviiean byompcileoplpilar grpepti dé thatpést tdwal ently
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unconj ugat ed peptide. The 25 apphiphilically nodified peptide is then
f or nul Qt%ed %ﬁl‘p“b‘%)isb?“ﬁ’nﬂ" d‘“dFE‘ﬁerfgirﬁﬁ" i & bPBHefFradabit isbl mRlant -
sol ution ustig acppasBLend i eahl beacsapi Abbee pE@aBiC isflatdiilon Thd/or
formul ati ons_of the .present i nvergtl Qn not 9n| y enhance the stabjlit

of the peptide UHATHE™30 subcutaneously, Intramuscularly,
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composition of the implant. With the selections of the
biodegradable polymer and other excipients, the duration
of the sustained release of the peptide can be controlled
over a periéd of time from several weeks to one year.

20 The wvarious features of novelty which characterize
the invention are pointed out with particularity in the
claims annexed to and forming a part of the disclosure.
For a better understanding of the invention, its operating
advantages, and specific objects attained by its use,

25 reference should be had to the drawing and descriptive
matter in which there are illustrated and described

preferred embodiments of the invention.



5 Each of the conpositions of the present invention nmay be a viscous
or non-viscous liquid, gel or sem-solid that noves as a fluid so
that it nay be injected using a syringe. Each conposition may be
formed as an inplantable polymeric matrix in vitro, or alternatively,
it my be 10 forned in-situ in the fornms of a gel or a solid inplant.
The conpositions can be adm ni stered by injection and/or inplantation
subcut aneously, intranuscularly, intraperitoneally, or intradermally.
When admi nistered to a subject, the controlled rel ease of the peptide
can be 15 sustained for a desired perio® of time depending upon the
conposition of the inplant.. Wth the selections of the biodegradabl e
pol ymer and ot her excipients the duration of the sustained rel ease
of the pepty ol iod of tine from several
weeks to onéQéggﬁﬂg e varlous ?ﬁgﬁﬂﬁgé of novel ty which
characterize theFigwent ilon Iar evpiorat edl ease Wolth Ipagddend asnd ypalmibec
cl ai s anne to art of_the re. For.a b
understandlﬁgﬂ%f t%&qﬁﬁgentl rg%%ks op ?%?lngbggwgﬁt§§8§ ﬁEESEH
speci fic objebesiantan meRE@3SdLs use, 25 reference should be had to
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in MPEG350. 5Figure 2. In vitro release of ghrelin an eacyl at ed
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0. 28) solutlon in NMP Figure 4. In vitro release of. nodif
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(1V-0.28) sebubt Dbnin N2, DETAI LED DESCRI PTI ON OF THE PRESENTLY
PREFERRED ENMBCDI MENTS
DETAILED DESCRIPTION OF THE PRESENTLY PREFERRED EMBODIMENTS
The present invention provides injectable liquid
15 biodegradable polymeric compeositions for forming a
controlled release delivery system for peptides. The
present invention also provides a method of manufacturing
and a method of use thereof.
The compositions of the present invention comprise

20 (a) a peptide that is conjugated, preferably covalently,

with one or more lipophilic molecules; {b) a
pharmaceutically acceptable, water  insoluble,
biodegradable polymer; and {c) a pharmaceutically

acceptable organic solvent. The peptides are covalently
25 conjugated with one or more lipophilic molecules in such a
manner that the conjugated peptide retains most or all of
the biological activities of the unconjugated peptide
while it has an enhanced chemical resistance to the
reaction with the biocdegradable polymer both in vitro and

30 in  vivo, relative to the unconjugated peptide. The



The present invention provides injectable liquid 15 bi odegradabl e
pol ynmeric conpositions for formng a controlled rel ease delivery
system for peptides. The present invention also provides a nethod of
manuf acturi ng and a net hod of use thereof. The conpositions
of the present invention conprise 20 (a) a peptide that is
conjugated, preferably covalently, w thoneornorelipophilicnolecules;
(b)a pharmaceuti cal | yaccept abl e, wat eri nsol ubl e, bi odegr adabl epol yner;
and(c) apharmaceutically acceptabl e organi c solvent. The peptides are
coval ently 25 conjugated with one or not@ Iipophilic nmolecules in
such a manner that the conjugated peptide retains nost O all of the
bi ol ogi cal activities of the unconjugated peptide while it has an

enhanced ch nlc e5| t anc .the reacgtion with the bjiode
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uring fsor ”&'x‘zf‘}' Ognh%%ageuhé?‘ g}@%ggi%&yon & %ﬁ%fff&%ﬁ&b ide® e{s‘éﬁi

but also inprove its release pr h | ower irst Tevel
and sust ai NEFBFREICH. | FtarEdser aS%kHHDlﬂﬂﬂ@tpPESenandnveﬁnbéﬁquent

provides a 10; LOMOSLEE 08168 }p%@g G@)s ar@faq,tgedepécrﬁtlhéss with lower
conj ugat ed, preferably coval ent one or nor'e anp |p|

mol ecul es; {B)t4epHatThicdRYCA I%P%@é’@ﬁi—taa-lﬁlleéi dgapsion.
| nsol ubl e, bi Odegf@dahbgﬁgky@%be@%q( ClKRe present invention provides a

10 composition comprising (a) a peptide that is conjugated,
preferably covalently, with one or more amphiphilic
molecules; {b) a2 pharmaceutically accepfable, water
insoluble, bicodegradable polymer; and (c) a
pharmaceutically acceptable organic solvent. The peptides

15 are covalently conjugated with one or more amphiphilic
molecules in such a manner that the conjugated peptide
retains most or all of the biological activities of the
unconjugated peptide while it has .an enhanced chemical
resistance to the reaction with the biodegradable polymer

20 both in vitro and in vivo, relative to the unconjugated
peptide. The amphiphilically modified peptide is then
formulated by dissolving or dispersing in a biodegradable
polymer solution wusing a pharmaceutically acceptable
organic solvent. The formulations of the present invention

25 not only enhance the stability of the peptide during
formulation, storage, administration and subseguent
release, but also improve its release profiles with lower
initial burst levels and sustained duration. The
conjugated peptide also reduces the catalyzed degradation

30 of the polymer by nuclecophilic groups of the peptide.



pharmaceutically acceptabl e organic solvent. The peptides 15 are
covalently conjugated with one or nore anphiphilic nolecules in such
a manner that the conjugated peptide retains nost or all of the

bi ol ogi cal activities of the unconjugated peptide while it has .an
enhanced chem cal resistance to the reaction with the bi odegradabl e
pol ymer 20 both in vitro and in vivo, relative to the unconjugated
peptide. The anphiphilically nodified peptide is then formul ated by
di ssol ving or dispersing in a biodegradable polynmer solution using a
phar maceutical |y acceptabl e organic sol¥knt. The formul ations of the
present invention 25 not only enhance the stability of the peptide
during fornulation, storage, admnistration and subsequent release,
but al so i rrprove its r%I %se rof i bes with [ Qwer initjal burst |evels
and sustai ned ddt%t BSf: §aBed TSt i dB” al s edfREs 1HE” are
catal yzed degrrmdatioores80ieketrbeepoliyner bynsauekeapdidT c aguoups: of et be
peptide. 1, .~ As used herein, the terns "a", "an" and "one" are
nmeant to be interpreted as "one or nore" and "at feast one." The term
"peptide" is usethsynaeymoustyepiided "del ypeptdde'santhymneiiel n. ﬂrith
Non- | i mig ft ape [ oper |es Wmchapetld
possess mcgit)]ge a 1‘Telisc}lrrelce)‘t abo é %E% J?ungalIS nt 1ot Rt T AmE %rp?/ Tos
anti - t unor athezapeut i e[ewmtl%mtwhmmta cpemtliqieenan pgeness, iantlude
ant agoni st i Mor ecd 1y, ti _
i nvention c%pﬁgﬁ%%va 1egnr"tol %@B’f d-l%%th Iaktag Rﬁ?%a%%%ggrm hi T:mtl
mol ecul e( s)tu%%abepﬁpﬁéslﬁﬁéﬁéiabﬁy @@rttlabn%nsrornm:eembdl ﬁgam&t
functional groupstafePiddes-dnafuled N the preparation of the

formul atjons of the i nventl on include, 15

but aren®t | i mi t edfxDx§FPBEL Al GaLkbyr e§5f npeRlieEnsc O | r bpyenhipmoaan
(ACTH) , epiler nedval a1y f agdOrs (delhi tpl atigbebndehicved 9r awbiiHagE o8
(PDGF), prol ct| n horm)nes such as | uteinizing hornone,

| ut ei ni zi ng" AT TBHR $let eABPNERSTiFETe RIH)EP IDHREPDD2 2B oMt OF LPRFR
ant agoni st sno@i PVKEL Or FNESi o DM Proups. Peptides useful in the

pPreparation of the formulations of the invention include,
15 Dbut are not limited to, oxytocin, vasopressin,
adrenocorticotropic hormone (ACTH) , epidermal growth
factor (EGE), platelet-derived growth factor {PDGF) ,
prolactin, hormones such as luteinizing hormeone,
luteinizing hormone releasing hormone {LHRH) , LHRH
20 agonists, LHRH antagonists, growth hormones, growth
hormone releasing factor, insulin, erythropoietin,
somatostatin, glucagon, interleukin, interferon—-alpha,

interferon-beta, interferon-gamma, gastrin, tetragastrin,

pentagastrin, urogastrone, secretin, calcitonin,
25 enkephalins, endorphins, angiotensins, thyrotropin
releasing hormone (TRH), tumor necrosis factor (TNF),.

parathyroid hormone {PTH), nerve growth factor (NGF),
granulocyte-colony stimulating factor (G-CSF), granulocyte
macrophage-colony stimulating factor (GM-CSF), macrophage-

30 colony stimulating factor (M-CSF), heparinase, vascular



hor noner el easi ngf act or, i nsulin, erythropoietin,

somat ost ati n, gl ucagon, i nterl eukin,interferon-al pha, interferon-beta,

i nterferon-ganm, gastrin, tetragastrin,

pent agastrin, urogastrone, secretin, cal citonin, 25 enkephali ns,
endor phi ns, angiotensins, thyrotropin rel easi ng hornmone (TRH), tunor
necrosis factor (TNF), parathyroid hornmone (PTH), nerve growth factor
(NGF), granul ocyte-colony stimulating factor (G CSF), granul ocyte
macr ophage- col ony stinulating factor (GW CSF), macrophage- 30 col ony
stinulating factor (M CSF), heparinase, 19ascul ar 12 endot hel i al
grom h factor (VEG F), bone norphogenic protein (BMP), hANP

gl ucagon-1i ke peptide (G.P-1), exenatide, peptide YY (PYY), ghrelin,
renin, bradykinjn,,bacitracins, pgl Xi ns ol jstins, tyrocidine, 5
gr ani ci di ns%'!#%?/%é sLighl | gtouth CRadtdE L VES Fdne i Rthe, MoAREPABRIC
anti bi oti cspraneimodi(@P)gl ycop Bt ei nuchaloni-dlikest i pepiatdeng heLBBOE,
kyot or phi n, | t i_etdd, Si t.hynmostinulin, t 1. C .
hunor al fac?%%‘?ééie@%’m E’é%%ggef a&t: or(,E)Q%g‘r)or%/qqlrsetlll)r{fﬁl af?rrllbn‘f agfsgg’?nlnm’
motilin, 10bdokbestinsdi nor mwiymnelnot ensi moldertilnesi,n, ur airpasdine,
kal | 1 kred n, P . and S agi ot ensin, L1,

bl ood conguftTareTactor VGt PEaa Ty PHea8aR " hroRiabg naBk tubhiies,
mel anocyt e ¥&¢@iMe$i ngnhdPhbhéecst hpndidodbeapnalyebpastagnhor foRdicle

thyroi d stigulabid@idd hosAmNG., P i) GholeGYSt OkhQhB o RURRA,
pl acental |actogen, human chorioni ¢ gonadotrophin, protein~synthesis
stinul ati ngtpEpPFe, ghBYPPELiARlbRt or hpepei deumgasbacfregeor, serum

intestinal pephide, Ml et detoyed GRQwhi aftaGior . rRLENBAL Al Yotri1in,
hor none somat onedi n, chorionic 20 gonadotropin, hygoghalnlc .
releasiﬁb fBefResinant fFararebie- hoPRBEEES ERYr 0i §estiAENat | H§okinase,

hormone, bi phalirrand, prohadddhce P AsniS66ubEr€idhg t h@nkgEBhists,
“l'ipophilic_noiety"” refers tq _any nnlet¥ havi ng Li pophilic
char act eri sEPEEC RS Havity 28890 GBRPPLGEL AT wat 8FEAES 207 1C | @84 t A¥n
5 no/m, prefecaphy, | egsamhaddthds NO/mdLarusfred |daplialtiiegnOhetions,
typically sg%e%g{% fﬂopf‘nc%)" : 319'%|%§"|ri 39- alekenyl .. C3-39- fimulati
al kadi enyl , “tOcopher o - And steF oTta"d edTHIEE e Thd W& stimulating
" C3_39- Hl kyhérmdi33, 3% ahkesnytymiand "d3 R adtlkadiraimy,| " hatrdn placental
lactogen, human chorionic gonadotrophin, protein synthesis
stimulating peptide, gastric inhibitory peptide,
vasoactive intestinal peptide, platelet derived growth
factor, pigmentary hormones, somatomedin, chorionic
20 gonadotropin, hypothalmic releasing factors, antidiuretic
hormones, thyroid stimulating hormone, biphalin and
prolactin.
As used herein, the term "lipophilic¢ moiety" refers
to any moiety having lipophilic characteristics and having
25 a solubility in water at 20 °C 1less than 5 mg/ml,
preferably less than 0.5 mg/ml. Such a lipophilic moiety
is typically selected from Ci-zg—alkyl, Ci.zs~alkenyl, Cs_ie-
alkadienyl, tocophercl and steroidal residues. The terms
“Ci-ze—alkyl™, “Ca_ze—alkenyl” and “Ci3-zs—alkadienyl” are

30 intended to cover straight chain and branched, preferably



30 intended to cover straight chain and branched, preferably 13
strai ght chain, saturated, nonounsaturated and di- unsaturated

hydr ocar bon of 3-39 carbon atons. The coval ent conjugation of a
| i pophilic noiety to a peptide leads to a |ipophilically nodified
peptide that 5 may have an inproved therapeutic effect conpared with
the native peptide. This can typically be done by reacting a
functional group such as an amne group in a peptide with an acid or
ot her reactive groups in a lipophilic nDIecuIe Al ternatively, the
conj ugati on between peptide and 10 Ilpoﬁ ilic nolecule is
acconpl i shed through an additional noiety such as a bridge, spacer,
or linkage noiety, which can be degradabl e or non-degradable. Sone

exampl es ar gedusghosedopliffe pl ol [ fonolatiy,agldsacylaled

insulins ar rlbed i n Japanese pateﬁt app rcatron
See al so, Hagﬁ?ﬁﬁréterhYétoaﬁrbO$h@fn%n%%t¢qxb0ﬁ%ﬁn§msﬂ1 6:171- 176

(1989) and Li nd%ﬂ}é CQV&@ESFetCO%l g a%' C£| %f??%&%ﬂig3;l0£4‘?gt FO a

(1971)]. More disclosures fatt y aC| acy ate I'nS an
acyl at ed i nB@PtAdgnaleRfEs &Ad f lanPhb@Iélf:@llIfh@qdlmmesestlaeﬁethat

found i ns 20mbly,SyaRAL -2 NOj B H833 609 AP 07 93¢ £ AL R0
5,750, 497, and W96/ 29342, Pucvel o %ﬁ%p les of acyl at SeehB BE3TI das ares

found i n WOBEHES7 PePRgE-0SHTS anm ngmémsbem%me dlpchreggtesg a

describe |ipapbthbaak! yrongdi thed peptdfesmald enahbeihhe ReRaLAL LARN
thereof. 25 As used herein, the term "anphiphilic noiety” refers to

any ni ety ﬁ&v?ﬁddbﬁFhqqhﬁépﬁePF61aﬁd9HV@P§pﬁﬂ|@:%ﬂﬁ£ﬁ%ﬂ%&qsﬁqhﬁ§u&ﬁd
soluble in hmtbrwa'tﬁﬁeaiid ligaphi ldds jsfaxabhs. BBewasRhi phipifde and
nnleculﬁi ﬁed |§ & gFﬁsenE invention are conposed of lipophilic
and hydf'ophitPEP38 1 Fhe S |TJ%"E)‘WFFFJH§W ethegughe agr é’fdé’rléjdi%al
natural 14mbatty amcdsay Al kyldgdai s5a e, tbﬁsﬁldﬁsgél la@de&lg}ovemlch
The hydrophigkc noi e ies sel ected f hyl ene g

om et I
pol yvi nyl pyFeBl i doné™® ungﬁeanartﬁgﬂT o Iﬁydréﬁﬁﬁ||%zﬁmﬁ%ﬁ%e§re
are preferadhycpobydthyheﬂﬁuglyuabr art [e.g., fatty acid-acylated

insulins are described in Japanese patent application

15 1,254,699. See also, Hashimoto, M., et al., Pharmaceutical
Research, 6:171-176 (1989), and Lindsay, D. G., et al.,
Biochemical J., 121:737-745 (1971)]. More disclosures of
fatty acid-acylated insulins and fatty acylated insulin
analogs, and cf methods for their synthesis, are found in

20 U.s. Pat. No. 5,693,609, W095/07931, U.S. Pat. No.
5,750,497, and WO0396/29342. Further examples of acylated
peptides are found in WOS%8/08871, Wo98/08872, and
W095/43708. These disclosures <describe lipophilically
modified peptides and enable the preparation thereof.

25 As used herein, the term "amphiphilic moiety" refers
to any moiety having both lipophilic and hydrophilic
characteristics and soluble in both water and lipephilic
solvents. The amphiphilic molecules used in the present
invention are composed of 1lipophilic and hydrophilic

30 moieties. The lipophilic moieties are preferably natural



5 (PEG having |less than 1000 et hyl ene glycol units. The size and
conposition of the lipophilic noieties and the hydrophilic noieties
may be adjusted to obtain desired anphiphilicity. As used herein, the
ternms "conjugated”, "linked", 10 "bonded"”, and the like, with
reference to the peptide and other conponents of the nodified peptide
of the present invention, nmean that the specified noieties are bonded
to one another, preferably covalently, through a |linker, bridge,
spacer, or the like. 15As used herein, i&e terms "linker", "bridge",
"spacer", or the like refer to an atom a group of atons that I|ink,
preferably covalently, and for exanple, a lipophilic noiety to a

t herapeutic peptide. In order to carry out coval ent conjugation, a 20

therapeuticrpepli de; fBYopayexgne AL i AR Qné”icBéQ%%EgBEEBQQ%PQ{@Pp%he
or may be nodified to include one or nore suitable functional groups
for coval enfY@BeRihic t oM@ ileitpephi | 2= or sgApREpHi | i Eramwi epplysbhyiphe
functi onal gip@@ﬁ,!%z@%nyﬁ?&&éﬁ%ﬁe,t%d‘ﬂ,' 0%@9 9PUPSie25 The
hydr oxyl group, am no group (prinmary am no or secondary am no group),
thi ol grouphvérePkbtboxytoifitdes whe | Ppeparably orcaystimtieniec glycol
moi et i ess of (bhE) PHRSARg | DYEHL It ITRY DAY &R e MREGSYI LADIS . The
functional ggggp%hd composiﬁion of the 1lipophilic moieties and the
hydrophilic moieties may be adjusted to obtain desired
amphiphilicity. |
As used herein, the terms “conjugated”, “linked”,
10 “bonded”, and the like, with reference to the peptide and
other components of the modified peptide of the present
invention, mean that the specified moieties are bonded to
one another, preferably covalently, through a linker,
bridge, spacer, or the like.
15 As used  herein, the terms "linker”, “bridge”,
“spacer”, or the like refer to an atom or a group ©f atoms
that 1link, preferably covalently, and for example, a
lipophilic moiety to a therapeutic peptide.
In ordexr to <carry out covalent conjugation, a
20 therapeutic peptide may have one or more suitable
functional groups, or may be modified to include one or
more suitable funqtional groups for covalent coupling to a
lipophilic or amphiphilic moiety. Suitable functional
groups include, for example, the following groups:
25 hydroxyl group, amino group (primary amino or secondary
amino group), thiel group, and carboxyl group. The
lipophilic or amphiphilic moieties of the present
invention may have one or more suitable functional groups,

or may be modified to include one or more suitable

30 functional groups for covalent coupling to a peptide.



or may be nodified to include one or nore suitable 30 functional
groups for covalent coupling to a peptide. 15 Suitable functional
groups include, for exanple, the follow ng groups: hydroxyl group,
am no group (primary am no group or secondary am no group), thiol
group, carboxyl group, al dehyde group, isocynato group, sulfonic 5
acid group, sulfuric acid group, phosphoric acid group, phosphonic
acid group, allylic halide group, benzylic halide group, substituted
benzylic halide group, and oxiranyl group. A therapeutic peptide may
be directly or indirectly 10 coupl ed wi 1% one or nore | i pophilic

noi eties through an ester group, am de group, secondary or tertiary
am ne group, carbamate group, sulfonate group sul fate group,

phosphat e gé%b@osphggﬂ&raglr ouc%ol‘%g h L1 Q5OUP. £ ln og}gaeni)odl nent
ac

of the present 1nvention wWas actlv fed
N- hydr oxysueet Fhwi e ambumsn hgdrosdlw cytlolazm neirglmwpsronp (primary

octreotide, .ﬁih&mtéPS | thé Hg%g%cog$y gteﬂgg§ﬁgggeﬁg%% sﬁ%

| i nker betmeen t he” pa |Ip0p nol €
are two pr|¢ﬁ#®0%mingrgﬂgupgldﬁhMQEremtnm@ $§ﬂ¢yﬁﬂHQME§PQRWBSQDfonlc

coul d bg coauwarg%uy ML PACOUS| X9k QALY ONe ,ARLRRGGE AUR SQH grQS%

sel ectively conjugated by adjusting the reaction conditions fol
by separ at iRHSPhOnic| AGbt EoWnbodildeAtc déedddle, grPPpephbppeylic

conpound WHdn ade al gebyde eBgh g OUPred@SHERRAGT £d Whkbibde §MbBS, 25ana
groups on octreotide to forma conjugate through a secondary am ne

l'i nkage. BRI LR e PFAUDs coul d be conjugated simul taneously or only
one amine gr oup mouh@rageﬁembug@&a@dday il UBki g A@ 1heast | QAdirectly

CondltlQPS fOI W? ¥hser%£agkogore lipophilic moieties through an
ester group, amide group, secondary or tertiary amine
group, carbamate group, sulfonate group, sulfate group,
phosphate group, phosphonate group, or ether group.

In one embodiment of the present invention, palmitic

15 acid was activated with N-hydroxysuccinimide and then

reacted with amine groups on octreotide, an octapeptide,

to form a conjugate through an amide linker between the

palmityl lipophilic moiety and the peptide. There are two

primary amine groups on octreotide. Both amine groups

20 could be conjugated simultaneocusly or only one amine group

could be selectively conjugated by adjusting the reaction
conditions followed by separation.

In another embodiment, decanal, a lipophilic compound

with an aldehyde end group, was reacted with the amine

25 groups on octreotide to form - a conjugate through a

secondary amine linkage. Both amine groups could be

conjugated simultaneously or only one amine group could be

conjugated by adjusting the reaction conditions followed

by separation.



In a further enbodinment, palmtic acid was conjugated to | ysozyne
through its six am ne groups at several ratios. Wen the ratio of
palmtic acid to |lysozyne is smaller than 6, the conjugation sites on
| ysozynme may be 5 random dependi ng upon the reactivity of each am ne
group. In yet anot her enbodi ment, ghrelin is an acyl ated
peptide through its hydroxyl group with an n-octanoyl noiety. Gairelin
is a gastric peptide that stinulates growh hornone secretion and

i ncreases adiposity. It is 10 the first identified natural |igand for
a previously cloned growth hornone secr&fagogue receptor which is
present in the pituitary gland and the hypothal am c region of the
brain. Alipophilic noiety may be first covalently coupled 15 to a
hydr ophi li c noie O an_a Iecu e. e_anphi_phi |

nol ecul es of thei%r%sen Eggﬁve ggglﬁ% ha98 %h%l%raﬁb w?ﬁlf&%PEgaQEd
functional geoupssooymaraytiougidi fited tizhawemioree groopse atitabkeral
functi onal f oval en p g.t eptlde ui tabl e

functi onal gaegggupg%gge1§£ ecF%g%fﬁ%ﬁ1ﬁygF6§$F é?o §3m%¥ O%W%%pls
(primary anfmalievuphan §bcdﬂﬁaryoamu@@tgmmup;teshpalxyanqymawm@wxyé
group, de r Y aci.d. gr ric
acid gr?up P%ﬁg?gh%%?%nam Lg%rp tq{eo%%oscschéjﬁic&é} %gi %ag%‘oﬁ%ge ?% Lg
hal i de group, 25ibenAaH i enhahide Eg}m;plmesmbst maEédnbenzylanc hatyiLdeed
group, and I ARy eu e
directly or8§%%?§%c€%§ con é X ﬁ g§%9gr %ﬁggp hgﬁyc nSFEFngl
t hrough an B3iety gr dipre b delfgr (mp gmaw%ndﬁertﬁhaﬁ:y atimelat@s

group, carbgpgfen 9heHhonsUl $00ALE1 G OWRa Smé@éaesegsrogal Q@%ghatlet is
group, ﬁ?osghonate group, or_ether group. Pr ef era

t her ape BeptfHest s ¥R et Y djuigat ed i9§nGne for nﬁrepreVlOUSlY

anphi phi | i ccophegul gso\eetﬁrprhgmﬂené(akearay%@@@éI |£e8@fs€é¥ aaﬂléi@) @s
l'i pophi lic noi et t he, bal anced hydraophilic and

characteri sft’F%é*%"f %ﬂetBMHFEH%F?EYnBF@Bm @nﬁnﬁaﬁ hmet%ﬁf{&gat éeﬂn"-PH

sui t abl e sobfibtheétyrain bi ol ogi cal, fluid or aqueous sol ution.

A lipophilic moiety may be first covalently coupled

15 to a hydrophilic moiety to form an amphiphilic molecule.

The amphiphilic molecules of the present invention may

have one or more suitable functional groups, or may be

modified to have one or more suitable functional groups

for covalent coupling to a peptide. Suitable functional

20 groups are selected from hydroxyl group, amino’ group

{primary amino group or secondary amino group), thicl

group, carboxyl group, aldehyde group, isocynato group,

sulfonic acid group, sulfuric acid group, phosphoric acid

group, A phosphonic acid group, allylic halide group,

25 benzylic halide group, substituted benzylic halide group,
and oxiranyl group.

A therapeutic peptide may be directly or indirectly

coupled with one or more amphiphilic moieties through an

ester group, amide group, secondary or tertiary amine



10More preferably, a therapeutic peptide is covalently conjugated to
one or nore anphiphilic nolecules conprising (a) a linear

pol yet hyl ene glycol noiety and (b) a |ipophilic noiety, wherein the

t herapeutic peptide, the polyethylene glycol and the |ipophilic
noiety are 15 conformationally arranged to have the lipophilic noiety
exteriorly available for interaction with Iipophilic environnent or
cell nmenbranes. Such anphiphilically nodified peptide has an enhanced
chemi cal resistance to the reaction with the bi odegradabl e pol yner
both in vitro 20 and in vivo, relative 16 the unconjugated pepti de.
Preferably, the anphi philic nol ecul e hasthe foll ow ng general
structure: L-S(0C2H4)nOH (Fornula 1), wherein L is the |ipophilic
noi ety prefg&%ply %glggteg fron1C3-39-3Ik |, C3..39-alk%§#,
C3_39-al kad? ey’ CEEOPREFSI 25°%rd SPerSFGAr rBEPMRies, SHTE FRhe?EPWP S
is a l|linkerpsedmivitesl draam ,a praxphoviatan gesuel, @troepheanygeugt oup, -
secondary or tergtj i.ne grou carbapat e grouyp,., sul fonate ou
sul fate group, d%%%%%gﬁghgrou%, Eﬁ8§888ﬁg?8 grSRS =6 e&%ercﬁY%£ 9P1Y
18 | rcoreagtyodli enene apr ankyd gmpuppoilif malbonsewasomprising
coval entsl y pl_ed t ene glycol | ecul.e thrauygh an et her
Iinkage% ThggfeéhlP%§685§%%¥§JR@%éE I5%§Ie(ﬁgsi%ngJﬁvﬁW%§3 QT% %@y’
whi ch can beheetiwvat ether 5badringadi zedhydoapdadtion t hasdi t abipophilic
functional DLPS O LAeptd des on -gqgggf t r

i nvention, %e_ arrp‘%irhphi_ I iéc rQr%I el(%giee %S er |]\E/]%tpi z"gjdl%%ﬁhegvgﬁgﬁh the
al dehyde er®Pyi¢df-e THeR t Reihabhe phelhbikdrrcdine eslamicalentlyid ox
conj ugat ed 19,684 enlide drough the reaction with ami ne 10 groups on
octreotide followed by reduction reaction with NaCNBH3. Both ami ne
groups ¥n octredfqtRe BoHEfA PRl Xonpudesarsifirt ardusly B9 envylenely

am ne gr oupcE@ighiar) Se) eshé Ve yn6 98] Hiagh 88n DY 8dhHSEERYeS heo%lﬁﬁ%m&
condi tions Lollomedlbﬁ?separatlon. The conjugate was 15 forne
through a sbtondarylahfAE wRPHNClBELenBt ERARGE t MOiGTf g@nd (b))  a

char act er i sligsplofl idemsnean] ugaiete OCt taet | tite rdPé St PE ORREIY dBRY DRe
i e activ't§8ﬁf t he peekide. | n anot her enhodi ment,

useful to retll%ﬁ (
the anphi pfIT e HOTSEH e F0YRBAopal™ t yIFPFol yEERASREAES gl FOIPEY( MRS

-1124) Mas eotioated ol vi- aictteapbanydo chkoeof ohaatRpopian itthemoiety
ST ) SBLERAR, YR RO D corl st st el O el
octreoti de ©uul tbrgeent or cell membranes. Such amphiphilically
modified peptide has an enhanced chemical resistance to
the reaction with the biodegradable polymer both in vitro

20 and in vivo, relative to the unconjugated peptide.
Preferably, the amphiphilic molecule has the
following general structure: L-S-(0C;H;).0H (Formula 1),
wherein 1L 1is the lipophilic moiety preferably selected
from Cz-ze—alkyl, Cji-zs—alkenyl, Ci-zs-alkadienyl, tocopherol
25 and steroidal residues, and wherein S is a linker selected
from a group of an ester group, amide group, secondary oxr
tertiary amine group, carbamate group, sulfonate group,
sulfate group, phosphate group, phosphonate group, or

ether group.



25 conj ugated sinul taneously or only one am ne group could be

sel ectively conjugated by adjusting the reaction conditions followed
by separation. Peptides covalently nodified with one or nore

| i pophilic or anphiphilic noieties include, for exanple, 30
pharmaceutically acceptable salts and conpl exes of the 19 nodified
peptide. The nodification can be at one or nore sites on the peptide.
Such peptides also include, for exanple, site-specifically nodified
pepti des and m xtures of nono-site and nmultiple-site nodified

pepti des. 5A "pharmaceutically acceptabl® salt" neans a salt formed
bet ween any one or nore of the charged groups in a peptide and any
one or nore pharnmaceutically acceptable, non-toxic cations or anions.

Organic and inor ani% s%%%§c{ncl de, for_ex e, thase prepared from
aci ds such as 10 hydréc Fﬁ&F?&%Fuﬁ?b,%hr¥£gBE?P8rP ri ,fﬁ%ﬁ??%? was
hydr obr on cegrgtehtly ci toupledl eto, paospbaieehylene glycol molecule
ol uenesul f ot 22 Benz ERoo TR ¢ nARdE orthtl f BAPEL BPBpi RPRLPNLLic
carbonic, andi¢etelei kes onef biydeoaydl erolfp armom umn Sodi aativated or
pOtaSSiQﬁ] gééféé%QZéﬁ.I@%gngééé%n with suitable functional groups on
peptides. In one embodiment of the present invention, the
amphiphilic molecule was derivatized to have an aldehyde

end group. Then the amphiphilic molecule was covalently

conjugated to octreotide through the reaction with amine

10 groups on octreotide followed by reduction reaction with
NaCNBH;3. Both amine groups on octreotide could be

conjugated simultaneously or only one amine group could be
selectively conjugated by adjusting the reaction

conditions followed by separation. The conjugate was

15 formed through a secondary amine which does not change the

charge characteristics of the unconjugated octreotide.

This property may be useful to retain the activity of the

peptide.
In another embodiment, the amphiphilic molecule
20 monopalmityl poly(ethylene glycol) (Mn ~1124) was
activated with 4-nitrophenyl chloroformate. Then  the

amphiphilic molecule was covalently conjugated to
octreotide through the reaction with amine groups on
octreotide. Both amine groups on octrectide could be
25 conjugated simultaneously or only one amine group could be
selectively conjugated by adjusting the reaction
conditions followed by separation.
Peptides covalently modified with one or more
lipophilic or amphiphilic moieties include, for example,

30 pharmaceutically acceptable salts and complexes of the



The term "bi odegradabl e wat er-i nsol ubl e pol yner™ i ncl udes any

bi oconpatible (i.e., pharmaceutically acceptable) and bi odegradabl e
synthetic or natural polyner that can be used in vivo. This term al so
i ncl udes polynmers 20 that are insoluble or becone insoluble in water
or biological fluid at 37 C. The polynmers may be purifi ed,

optionally, to renove nononers and ol igonmers using techni qgues known
inthe art (e.g., US. Patent No. 4,728,721; U S. Patent Application
No. 2004/0228833). some 25 non-limting exanples of such polyners are
pol yl acti des, pol yglycolides, pol ycapr ol 8t ones, pol ydi oxanones,

pol ycar bonat es, pol yhydr oxybut yr at es, pol yal kyl ene oxal at es,

pol yanhydri des, pol yam des, pol yesteram des,

pol yur et hanes . ygcet al s, pol yort hocar bonates, 30

polyphospha?gﬁggf% Iﬁﬁﬁﬁﬁggyvéﬁﬁ?éT% oty et P20 Aduc¥thabEs™a5E
pol yort hoestéres amt aopol pepEsdebl odkclwopeiptiekes, braschegtiude, for

copol yners, terpolyner.s and conbi nations and mi xtures thereqf. .
Sui t abl e noﬁégﬂgg?' i ﬁfgpF5ﬁ¥35F§%¥r§‘ H&QE??Rﬁ%ﬂ?ﬁnéagbylétures

person of opdi mang-skiélana mbkt Bple-dand aisiiithiald mRpdieicansi der ed
when detgr m ni ng,no} l.ar weights include, desired l,ymer
7 A AT TS FER 1 ESRRETRELE of 2B SedT TN %of 521t

degradation rate, chani cal ~Stren
pol ymer in $okwedt beTypevcakhy, cmesuirnt ablre rahgehof chekeedl groups ghhsa

10 of pol yngLsi §<0f @0 Z2..000 I 5 0 Daltons
wth a polggiggergiﬁfaﬁéﬂ¥oﬁgg.f£$o&§£%,bggpggg%ﬁélgsg%ywﬁqgﬁptable’
pol ymer i s BeheEpPslct gations ampngndrher Pagkois. and inorganic salts

Accor di ngt ot heh QUENt i:y} PERERBEEUL iedlse prepared from acids such as
10 hydrochloric, sulfuric, . sulfonic, tartaric, fumaric,
hydrobromic, glycolic, citric, maleic, phosphoric,
succinic, acetic, nitrie, benzoic, ascorbic, P~
toluenesulfonic, benzenesulfonic, naphthalenesulfonic,
propionic, carboenic, and the 1like, or for example,

15 ammonium, sodium, potassium, calcium, or magnesium.

The term “biodegradable water-inscluble polymer”
includes any biccompatible (i.e., pharmaceutically
acceptable) and biodegradable synthetic or natural polymer
that can be used in vivo. This term also includes polymers

20 that are insoluble or become insoluble in water or
biological fluid at 37 °C. The polymers may be purified,
optionally, to remove monomers and oligomers using
techniques known in the art (e.g., U.S. Patent No.
4,728,721; U.S. Patent Application No. 2004/0228833), Some

25 non-limiting examples of such polymers are polylactides,
polyglycelides, polycaprolactones, polydioxanones,
polycarbonates, polyhydroxybutyrates, polyalkylene
oxXalates, pelyanhydrides, polyamides, polyesteramides,
polyurethanes, polyacetals, polyorthocérbonates,

30 polyphosphazenes, polyhydroxyvalerates, polyalkylene



15 formul ati ons of therapeutic peptides are prepared in the form of

i njectable solutions or suspensions of a polyner in a

phar maceutical |y acceptabl e sol vent containing dispersed or
solubilized lipophilically or anmphiphilically nodified peptides. By
covalently coupling a peptide with a 20 lipophilic or anmphiphilic

nol ecul e, sone reactive groups in peptide are protected and not
available to interact with polynmer in solution. Thus, the stability
of the peptide and the polyner in the conpositions of the present
invention is inproved by coval ent nodif?2@ation of the 25 peptide.
Therefore, the present invention provides a nethod of formng a
solid, biodegradable inplant in-situ, in a subject, conprising: (a)

di ssolving or djspersing a bioconpatible, water-insoluble,

bi odegr adabP2pOFInEt a BdBOPSIYHEFE%%%F?ESpep??ﬂe Eebat¥ner§. block
nmodi fi ed wi ¢dpom®rts 101 € brzhdheophi kbgo0ymapPhi phiddrpdMinRides i And
bi oconpati bl e,, water-sol ubl e organic solvent to forma conposition,;
the organi cCEBIVERT BT Ny dﬁﬁiﬁk??ﬁ HisEEYFating or diffusing into a
body fluid upon phacsement wblbbalarbodgibhssuefcand golers may be

adm ni steri he. conpqsition_into an inmplant site wihin the bod

S0 as toseal (?%twé]f :bn%cliggpﬁf c %soPVeRt"t oo’%di S %éyorsﬁlﬁ$uslé’i ﬁ-‘[h(? t%gt'
body fl ui dsFacireirs hehpol ywar deo cuagidertes! ovhsol ddiéyminipgodotectbher
bi odegr adab] g, i d i 10Addi tional |y, the present. inventign
provi des for&é&ﬁéqui d{%%%?ér%ceu%%a’{eagonf%y Ion fgregtrgfir?itﬁﬁna rate,
bi odegr adabrechaplemt $hrengthwi #hi nratdod§, déospltising afi pblpoervén
amount of agz,PiocoMatLble;vatgr-J I jodegr I

and an effe%?ive annu%# p% ay?S thé?%%%ﬁ%i?ﬁ) tide %%gg g%?€y¥3§§hts
nodi fi etP wi ¢h- &vd vBrergor &s| igfopipie &r OARphPaktdis Kol ethast WAPeROO

are di ssol vegh @sndli spetaeda n 2 wfifgetiye amymt af,a bj oconpatibl g,
wat er - sol ubl e organi c sol vent; wherein the solvent is capabl e of

di ssi pati ngAeRERAFIUSMRE™ ritdl & bBAYYPEEI dSandeDeck e Ferynese i samong
capabl e of sewretl eddier-or solidifying upon contact with body fl uid.
Sui tabl e peptides and, |ipophilic or anphiphilic nolecules are those
defined above. THEEXEHFIratif® of Pt i de HYANEIGHni | i c PhRrmaceutical

anphi phid i ctomheTat Bord blie e epuidal paptider ¥ref Prapuama einf eam
1:1to L 1Ofg':grgoggi r}.%jte%ttarl]:%.enast,o L?t:'f)clcnst hgrp%%tsipggéions of a polymer
in a pharmaéeutically accéptable solvent containing
dispersed or solubilized lipophilically or amphiphilically
modified peptides. By covalently coupling a peptide with a
20 lipophilic or amphiphilic molecule, some reactive groups
in peptide are protected and not available to interact
with polymer in solution. Thus, the stability of the
peptide and the polymer in the compositions of the present
invention is improved by covalent modification of the
25 peptide.
Therefore, the present invention provides a method of
forming &a solid, biodegradable implant in-situ, in a
subject, comprising: (a) dissolving or dispersing a
biocompatible, water-insoluble, biocdegradable polymer and

300 a therapeutic peptide covalently modified with one or more



Any suitabl e bi odegradabl e pol yner can be enpl oyed, provided the

pol yner is insoluble or becones insoluble in aqueous nedi um or body
fluid at 37 C. Suitable 30 bi odegradabl e polyners are those defined
above. 22 Thetype, nol ecul arwei ght, andanmount of bi odegr adabl e pol yner
present in the conpositions can influence the Iength of tine in which
the peptide is released fromthe controlled release inplant. The 5
sel ection of the type, nolecular weight, and anount of bi odegradabl e
pol ymer present in the conpositions to achieve desired properties of
the controlled rel ease inplant can be pélformed by a person of
ordinary skill in the art through routine experinentation.

10Phar maceuti cal | y acceptabl e organic sol vents include, but are not
limted to, N-nmethyl-2pyrrolidane,. N, Ndi met hyl f or mam de, .di net hyl,

sul f oxi de, %%%%@P%%%cca o5 }p§&&981a@PéﬁFX??idHéch,bBQﬁ??Pa¥lble'
benzoat e, beazyt-abtahbd, oethyhicl actlatietrt gtycebyh td 1 86@basELi®SE €EBe

ohvor v roraRets SRIPAEOARSDE Sl B IRPRELY) e Tl
Thecri teri afettheobgani cioldenpsof phaodrgnadabkripohynety atiestbat and
i aquecus el datbReRr A ERCT G G orBER: o R0l VB ThohRb®
be able to dithime tihet dodidrdy Bhuias sbot hdtldvhethe quirdratdeposélvent to
gl S e Ot BELL A0 PRbaBbal e, SRS 2" hmes

to coagulate or solidify to produce the biocdegradable

solid implant.

10 Additionally, the present invention provides for a
liquid pharmaceutical composition for forming a
biodegradable implant in-situ within a body, comprising an
effective amount of a- biocompatible, water-insoluble,
bicdegradable polymer and an effective amount of a

15 therapeutic peptide covalently modified with one Er more
lipophilic or amphiphilic moieties, which are dissolved or
dispersed in an effective amount of a biocompatible,
walter-soluble organic sclvent; wherein the solvent is
capable of dissipating or diffusing into a body fluid and

20 the polymer is capable of coagulating or solidifying upon
contact with body fluid.

Suitable peptides “and lipophilic or amphiphilic
molecules are those defined above. The molar ratio of
peptide to 1lipophilic or amphiphilic molecule in the

25 conjugate will vary, for example, from 1:1 to 1:10
according to the nature of the peptide.

Any suitable biodegradable polymer can be employed,
provided the polymer is insoluble or becomes insoluble in
agqueous medium or body fluid at 37 °cC. Suitable

30 biodegradable polymers are those defined above.



25 suitability of such solvents can be determ ned readily by routine
experinmentation. The pharnmaceutical conpositions of the invention
typically contain peptides in a range of 0.1 to 40%w v. |In general
the optimal drug | oading is dependent upon the 30 period of release
desired and the potency of the peptide. 23 Cbviously, for a peptide
of | ow potency and a | onger period of release, higher |evels of

i ncorporation may be required. The viscosity of the injectable Iiquid
conpositions 5 of the invention is determ ned by the nol ecul ar wei ght
of the polynmer and organi c sol vent used22For exanple, when

pol y(l acti de-co-glycolide) is used, the solution of polyester in NW
has a | ower viscosity than in nPEG350. Typically, when the sane
solvent is used he hi gher the io | ecul ar ,wei ght and concentration
of the pol ymer, 3 hlb%B?’themQ'gﬁgg?Fy. PPePRFabl yapHe amount  of

concentrat i bmodégrheapbéynpdsquneﬁolp&éstﬁhﬂ s ihel ame’ 0%da0e8itdBhs MBRR

preferably, . concentratl n _of po Qlutlon i s between
20 to 60% by" \E\gl Fohte &933515 gf 1i"r’%?)pﬁ'lnl i ¥ I"F{i‘ ofhe peptide is
anphlphlI|caél§aaed|fn@ﬂmpepthées doromdinese | Be&bbﬁefOfimﬁmhdﬂmp|a@hé

will fold ow, ch§£gklar « ggperal rules igcgielease a drégd;&gﬂ%: of

monol i tHi ¢ pol yreri ¢ devi ce. Fel B8 2Fi popt 'caFP
anphi phi | i chi¢geanddabre pepliymles cpneben0 ahf eched kypmpbeisizesando

shape of theg.j nt oa 0 |I| |1
anpﬁlphl|lcg|?§9ﬁ§dl gE ES!gpt gggeg£l gp ?E %glaﬁfntfﬁlled release
\J

per meabi | i t P Ebr§apn@®lmaR§Qﬂm§d|qﬂnﬂu@¢xﬁnﬂyO©roadphaphibktallyn

modi fi ed pephtdgst: apd-Lhen PASLE 3L d the degradation of
the 25 pol yner. Depenrlnghupon fﬁ% éﬁgﬁ%t Jﬁé nmodi fi ed peptides

sel ectet! for del PReFyacehel adbve a@@%m@% enmabécagplyeatishynohede,
skilled in phe apteof n@EUQ 1d@iickar Y tbQ I RekRS 14995290 3kBnaANd N, n-

duration of rel ease
dlmethylformamlde, dimethyl sulfoxide, propylene
carbonate, caprolactaﬁ, triacetin, benzyl benzoate, benzyl
alcohol, ethyl lactate, glyceryl triacetate, esters of
15 citric acid, polyethylene glycols, alkoxypolyethylene
glycols and polyethylene glycol acetates, or any
combination thereof.
The criteria for the organic solvents of
biodegradable polymers are that they are pharmaceutically
20 acceptable and miscible to dispersible in aqueous medium
or body fluid. The suitable organic solvent should be able
to diffuse into body fluid so that the liguid composition
coagulates or solidifies to form an implant in situ.
Single and/or mixed solvents can be employed, and the
25 suitability of such solvents can be determined readily by
routine experimentation.
The pharmaceutical compositions of the invention
typically contain peptides in a range of 0.1 to 40% w/v.
In general, the optimal drug loading is dependent upon the

30 period of release desired and the potency of the peptide.



The aunt of injectable conmposition admnistered 30 will typically
depend upon the desired properties of the 24 controlled rel ease

i npl ant. For exanple, the amount of injectable solution conposition
can influence the length of tine in which the peptide is rel eased
fromthe controlled rel ease inplant. 5According to the present

i nvention, the conpositions containing the lipophilically or
anphiphilically nodified peptides can be adm nistered to a subject
where sustained controlled release delivery of a peptide is desired.
As used herein, the term"subject” is iMtended to include 10

war m bl ooded ani nmal s, preferably mammal s, nost preferably humans.
As used herein, the term"adm nistered" is intended to refer to

di spensi ng, O@%Ebﬁgiyng f%ragpl&EE%&@SCOgPO?h%5O%o&en%yta%P routonﬁ§F

phar maceuti cal fornmufation) to a ubjec ny su

del i very of PFPiéO@‘orﬁfoslfﬁelQﬁﬁEt:o hhehaesmeer@llsoaa& i bncerpdteEt Subj BeY, be
i ncluding dekipuer}¥gby injection and/or inplantation subcutaneously,

i ntranuscul arly, |ntraper|toneally, or intradermally , and by

admi ni stration t&PRucESHCSHYbrafed 20 tnigriati e Lheuddsiqogpoddsdgas

of a pepsiderbased QR g JNoWn par 2R LS £9r chieal Bﬁlg%h Qgght of

vari ous nedlcal conditions with the therapeutic pept|
"control | edFEuRUREF r endasea@aiiover9lvens used-hdial nexampledeshen

for exanpl epotontibBddbedeblyeidoniacp asthergpeytic tl?l%ot ' Q@lé Hh VO o
over a period_of tine followng adm nistration, prefera Teas

several day8°t-§°fEeks Gy ¥Hht hes GbnﬂPBPFedls§@§P§Wné6“FEIeas@PEG350
dellvery Typically, when the same solvent is used, the higher the

10 molecular weight and concentration of the polymer, the
higher the viscosity. Preferably the concentration of fhe
polymer in solution is below 70% by weight. More
preferably, the concentration of the polymer in selution
is between 20 to 60% by weight.

15 The release of Llipophilically or amphiphilically
modified peptides from these in-situ forming implants will
follow the -similar general rules for release of a drug
from a monolithic polymeric device. The release of
lipophilically or amphiphilically modified peptides can 5e

20 affected by the size and shape of the implant, the loading
of lipophilically or amphiphilically modified peptides
within the implant, the permeability factors involving the
lipophilically or amphiphilically modified péptides and
the particular polymer, and the degradation of the

25 polymer. Depending wupon the amount of the modified
peptides selected for delivery, the above parameters can
be adjusted by one skilled in the art of drug delivery to
give the desired rate and duration of release.

The .amount of injectable composition administered

30 will typically depend upon the desired properties of the



of the peptide can be denonstrated, for exanple, by the continued

t herapeutic effect of the agent over tine (e.g., 30 for octreotide,
sustai ned delivery of the peptide can be 25 denonstrated by
continued GH reductions over tinme). Alternatively, sustained delivery
of the agent may be denonstrated by detecting the presence of the
agent in vivo over tine. 5In this application, the various

enbodi nents set forth in the clains for the instant |iquid
pharmaceutical conpositions are al so envisioned, nutatis nutandis,
for the instant methods for formng sucﬁ4conpositions and the instant
met hods for formng solid inplants. 10 EXAMPLES: The foll ow ng
exanples illustrate the conpositions and nethods of the present

| i tat § ons - CREOLRE drRerals  TBRAR ow To° Ml AHE -usbre dPage of

del i very syénapstaBlenp el ut. iRmeparmpooit bdn Pabmi tioyf l@ideothde lghhkEh

20 OCT) S0 g Ofti %trq%ti%i%%et %t’n% \A%Sep%ii%isem \é.esd ir%l]éargédOf from the
controlled release implant.

5 According to the present invention, the compositions
containing the lipophilically or amphiphilically modified
peptides can be administered to a subject where sustained
controlled release delivery of a peptide is desired. BAs
used herein, the term "subject" is intended to include

10 warm-blooded animals, preferably mammals, most preferably
humans.

As used herein, the term "administered" is intended
to refer to dispensing, delivering or applying a
composition {e.g., pharmaceutical formulation) to a

15 subject by any suitable xroute for delivery of the
composition to the desired location in the subject,
including delivery by injection and/or implantation
subcutaneously, intramuscularly, intraperitoneally, or
intradermally , and by administration to mucosal membranes

20 to provide the desired dosage of a peptide based on the
known parameters for treatment of the various medical
conditions with the therapeutic peptides.

The term "controlled, sustained release delivery", as
used herein, includes, for example, continual delivery of

25 a therapeutic peptide in vivo over a period of time
following administration, preferably at least several days
to weeks or months. Controlled, sustained release delivery
of the peptide can be demonstrated, for example, by the
continued therapeutic effect of the agent over time (e.g.,

30 for octreotide, sustained delivery of the peptide can be



anhydrous DMBO containing 100 pL triethylanmne (TEA). 40.2 ng of

pal mtic acid N hydroxysuccinimde ester (Mv 353.50) 25 was dissol ved
in 3 nL anhydrous DVSO and added to the peptide solution. The
reaction was allowed to proceed for 3 hours at roomtenperature. The
m xture was poured into diethylether to precipitate palmtoyl ated

octreotide.

The precipitate was washed with di ethyl ether tw ce and

then 26 dried under vacuum The resulting acyl ated peptide was in
the formof a white powder. Exanple 2. 5 QOCT) 50 ng of of
anhydrous palmtic acid 10 dissol ved i n25

10

15

20

25

demonstrated by continued GH reductions over time).
Alternatively, sustained delivery of the agent may be
demonstrated by detecting the presence of the agent in
vivoe over time.

In this application, the various embodiments set
forth in the claims for the instant liquid pharmaceutical
compositions -are also envisioned, mutatis mutandis, for
the instant methods for forming such compositions and the

instant methods for forming solid implants.

EXAMPLES:

The following examples illustrate the compositions
and methods of the present invention. The following
examples should not be considered as limitations, but
should merely teach how to make the useful drug delivery

systems.

Example 1. Preparation of Palmitoyl-Octreotide (PAL-
CCT)

50 mg of octreotide acetate was dissolved in 1 mL of
anhydrous DMSO containing 100 pL triethylamine (TEA). 40.2
mg of palmitic acid N-~hydroxysuccinimide ester (Mw 353.50)
was dissolved in 3 mlL anhydrous DMSO and added to the
peptide solution. The reaction was allowed to proceed for
3 hours at room temperature. The mixture was poured into
diethylether to precipitate palmitoylated octreotide. The

precipitate was washed with diethylether twice and then



Preparation of Pal mtoyl-Cctreotide (PAL- octreoti de acetate was

di ssol ved in 1000 pL DMSO containing 100 pL TEA. 17.1 ng of

N- hydr oxysucci ni m de ester (Mwv 353.50) was 3 nL anhydrous DMSO and
added by direct injection to the peptide solution. The reaction was
al l owed to proceed overnight at roomtenperature. The m xture was
poured into diethylether to precipitate pal mtoylated octreotide. The
preci pitate was washed with 15 diethylether twice and then dried
under vacuum The resulting acylated peptide was in the formof white
powder. Exanple 3.Preparation of Decanak6Cctreotide (DCL-COCT) 20

50 ng of octreotide was dissolved in 2 nL of 20 mM sodi um

cyanobor ohydride (Mv 62.84, NaCNBH3) (2.51 ng) solution in 0.1 M
acetate buffer qu 13.7 ng of Decanal K (Mw 156.27) (OCT; DCL

1:2) was ad&é&eay”g‘l §ctva§5“i“hj ects ofet -t ie p%‘bft’lr%l"ee oPEPtbAe ‘Fﬂ% in
reacti on washal Fewrdokoapwrieedpov@snj ght at 4 C. The m xture was
separated by centrifugation. The precipitated PAL-OCT was
freeze-dried. 27 Exanple 4.Preparation of Palmtoyl-Lysozyne
(PAL-Lyz, 3Ex(pmB02 Ay of Lysegynet{ddv ldf 508 1nviaso vi-saxaineed iide 1Q0AT1.-

5 OCT)

50 mg of octreotide acetate was dissolved in 1000 pL
of anhydrous DMSO containing 100 wuL TEA. 17.1 mg of
palmitic acid N-hydroxysuccinimide ester (Mw 353.50) was

10 dissolved in 3 mL anhydrous DMSO and added by direct
injection to the peptide solution. The reaction was
allowed to proceed overnight at room temperature. The
mixture was poured intc diethylether to precipitate
palmitoylated octreotide. The precipitate was washed with

15 diethylether twice and then dried wunder vacuum. The

resulting acylated peptide was in the form of white

powder.

Example 3. Preparation of Decanal-Octreotide (DCL-OCT)
20

50 mg of octreotide was dissolved in 2 mlL of 20 mM

sodium cyancoborohydride (Mw 62.84, NaCNBHa) {2.51 mg)

solution in 0.1 M acetate buffer at pH 5. 13.7 mg of

Decanal (Mw 156.27) (OCT:DCL = 1:2) was added by direct
25 injection to the peptide solution. The reaction was

allowed to proceed overnight at 4 °C. The mixture was
separated by centrifugation. The precipitated PAL-OCT was

freeze—-dried.



5 pL of anhydrous DMSO containing 200 pL TEA. 18.25 ng of Palmtic
aci d N-hydroxysuccini mde ester (Mv 353.50) was dissolved in 3 L
anhydrous DVSO and added by direct injection to the protein solution.
The reaction was allowed to proceed for overnight at RT. The PAL-Lyz
was 10 precipitated in diethylether and the final product was
freeze-dried after renoving the organic solvent. Exanple

5. Rel easeof Pal mt oyl - Lysozynefrom i nj ectabl e pol yner fornmul ations 15
40% PLGA R&031-1 was prepared by appropriately dissolving the

pol ymer in nmPEG350. Then Pal mitoyl-Lyso2yne and | ysozyne were nixed
with the polymer solution at about 7% respectively. The fornul ations
were thoroughly mxed to 20 obtain uniformfornul ations. | nb?/itro

rel ease of Lysozynme and palmtoylated | ysozyne frominjectable

pol yner sol E%F“Bﬁieﬂlle f or "UTERFLAE LR pe siPéﬁg‘lFSMéUPYEQGYW@) (RBLelyz,
injected inBoiyn 3 nL 25 phosphate buffer saline solution at pH 7.4
with 0.1% sodium azide at 37 C. The receiving fluid was repl aced at
selected. tine points with fresh buffer solution, and the renoved
buffer solution @23 dgl vred appaer i atel y4 Vidd) REat dpskkdidedndn 1000

anal yzedS f O{lLdroLfg a(.:nq'xny(':cFrnc;L{sat i)[qgob%olr{\t/aining 200 pL TEA. 18.25 mg of
Palmitic acid N-hydroxysuccinimide ester (Mw 353.50) was

dissolved in 3 mL anhydrous DMSO and added by direct

injection to the protein solution. The reaction was

allowed to proceed for overnight at RT. The PAL-Lyz was

10 precipitated in diethylether and the final product was

freeze-dried after removing the organic solvent.

Example 5. Release of Palmitoyl-Lysozyme from
injectable polymer formulations
15
40% PLGA RG503H was prepared by appropriately
dissolving the polymer in mPEG350. Then Palmitoyl-Lysoczyme
and lysozyme were mixed with the polymer solution at about
7% respectively. The formulations were thoroughly mixed to

20 obtain uniform formulations.

In wvitro release of 1lysozyme and palmitoylated
lysozyme from injectable polymer solution: The formulation
suspensions (about 100 mg} were injected into in 3 mL

25 phosphate buffer saline solution at pH 7.4 with 0.1%
sodium azide at 37 °C. The receiving fluid was replaced at
selected. time points with fresh buffer solution, and the
removed buffer solution was diluted appropriately with PB
at pH 7.4 and analyzed for drug concentration by UV

30 spectrophotometer at 280 nm against standard curves.



30 spectrophotoneter at 280 nm agai nst standard curves. 28 Figure 1
shows the cunul ative release profiles of both acylated and native

| ysozyne. The native |ysozyne showed significant release initially
conparing to acylated |ysozyne. 5 Exanple 6. Preparation of

Pal m t oyl - Lysozynme (PAL-Lyz, 5:1) 50 ng of |ysozyne (Mwv 14, 500) was
di ssolved in water 10 and pH was adjusted to 9.58. The sol ution was
freeze-dried. Then the dried powder was dissolved in 3 nL DVSO. Then
322 pL of 20 ng/nmL solution of palmtic acid Nhydroxysuccini m de
ester (Mwv 353.50) in anhydrous DNS was &8ded by direct injection to
the protein solution. The 15 reaction was all owed to proceed
overnight at 4 C. The PALLyz was precipitated in diethylether and the
final produgt was freeze-dried after _renoving the organic_solvent,
Exanpl e 7. PEé%BF%ti%ns P¥Pal T of PR by 862 yhe (PR398 2P roH1seg) of both
50 ng of |ysogyaeedMantid, SDf)verasydbseaévedhen nedibre ands PriM@s showed
adjusted to_9.58_.The, sol ution was, freeze-dried. Then the dried
powder was arS35fvsd tn §EﬁfaﬁﬁBC1l%%?ﬁ?é;+'79§oﬁfa5ﬁn?0 nf nLacylated
sol ution of 1pabayhec aci d Nhydroxysucci ni m de ester (Mv 353.50) in
anhydrous DMSO was added by direct injection to the protein solution.
The reaction was allowed to proceed overnight at 4 C. The PALLyz was
preci pit at egxampteebhyl et herepaxkitien f ofiaPapmédogl ~-B@svagme (PAL-Lyz,
freeze-drieg:gjter removi ng the organic sol vent.

50 mg of lysozyme (Mw 14,500) was dissolved in water

10 and pH was adjusted to 9.58. The soclution was .freeze-
dried. Then the dried powder was dissolved in 3 mL DMSO.
Then 322 uL of 20 mg/mL solution of palmitic acid N-
hydroxysuccinimide ester (Mw 353.50) in anhydrous DMSO was
added by direct injection to the protein solution. The

15 reaction was allowed to proceed overnight at 4 °C. The PAL-
Lyz was precipitated in diethylether and the final product

was freeze-dried after removing the organic soclvent.

Example 7. Preparation of Palmitoyl-Lysozyme (PAL-Lyz,
20 13:1)

50 mg of lysoczyme {(Mw 14,500) was dissolved in water
and pH was adjusted to 9.58. The solution was freeze-
dried. Then the dried powder was dissolved in 3 mL DMSO.

25 Then 799 pL of 20 mg/mL solution of palmitic acid N-
hydroxysuccinimide ester (Mw 353.50) in anhydrous DMSO was
added by direct injection to the protein solution. The
reaction was allowed to proceed overnight at 4 °C. The PAL-
Lyz was precipitated in diethylether and the final product

30 was freeze-dried after removing the organic solvent.



29 Exanple 8. Preparation of Pal mtoyl-Lysozyne (PAL-Lyz)

Lysozynme is added to PAL-NHS in PBS (pH 8.0) containing 2%
deoxychol ate (DOC). The m xture is incubated 5 at 37 C for 6 hours.
The m xture is centrifuged to renpove the unreacted PAL-NHS. The
product is dialyzed against PBS containing. 0.15% DOC for 48 h
(PAL- NHS: Lyso=15:1). Exanple 9. Rel ease of ghrelin frominjectable
pol ynmer 10 fornmul ati ons 40% PLGA 1RG503H was prepared by
appropriately dissolving the polynmer in nPEG350. Then ghrelin (Human,
Rat 1-5) and deacyl ated ghrelin (Des-n-&®Btanoyl-[Ser]3- 15 ghrelin
(Human, Rat 1-5)) were m xed with the polynmer solution at about 6%
respectively. The. formulations were thoroughly m xed to obtain

uniformforpulations. The fornul ati on suspension about 100 ) _were
20 injectedggﬁ?gi?n§3 L p%%%%ﬁﬁégﬁ?ﬁﬁ? r %iﬂﬁﬁﬂgif %ﬁﬁ%&?eaﬂpga'%¥&>-
with 0.1% sodi um azide at 37 C. The receiving fluid was repl aced at
selected tine pojn with fresh buffer sol uti and the_renmpved
buffer sol ution L %gﬁﬁT%teasapBF%SFiaﬁﬁﬁy %&Hﬁﬁ#ﬁB df’pk?%$4ngﬂg wlds®)
anal yzed forcdragnsg cdhcdabrgthohaby KBPLC) usThg saktaspoadi Agcubated
standar d: curyess Eig h t cunul ative rel ease.of ghrelin_and
deacyla?%d éﬁré?iH&iﬁggBé.ﬁ?ﬁggdeggﬁlg%é uﬁﬁré?iHGEES&EHgﬁgcﬁofﬁgpgye
rel ease ovethehentepchedkPpbrNBd.t @bkegrodhetghseliinlwkzeéd against PRBS

i pophi lic BBLELYABROVED &% H5E £LOVRY B0 (e33R 138153, .

Example 9. Release of ghrelin from injectable polymer

10 formulations

40% PLGA RG503H was prepared by appropriately
disscolving the polymer in mPEG350. Then ghrelin (Human,

Rat 1-5) and deacylated ghrelin (Des-n-Octanoyl-[Ser]3-

15 ghrelin (Human, Rat 1-5)) were mixed with the polymer
solution at about 6% respectively. The. formulations were

thoroughly mixed to obtain uniform formulations.

The formulation suspensions (about 100 mg) were

20 injected into in 3 mL phosphate buffer saline solution at
PH 7.4 with 0.1% sodium azide at 37 °C. The receiving fluid

was replaced at selected time points with fresh buffer
sclution, and the removed buffer solution was diluted
appropriately with PB at pH 7.4 and was analyzed for drug

25 concentration by HPLC using corresponding standard curves.
Figure 2 shows the cumulative release of ghrelin and
deacylated ghrelin in PBS. The deacylated ghrelin showed
much faster release over the two week period tested. The
ghrelin with a lipophilic moiety showed a much slower

30 release rate.



Exanpl e 10. Preparation of Mpnopal mtyl Poly(ethylene

gl ycol ) -Butyral dehyde, Diethyl Acetal. 5A m xture of nonopal mtyl

pol y(et hyl ene glycol) (average Mh -1124) (5.0 g, 4.45 nmmol es) and
toluene (75 nL) was azeotropically dried by distilling off tol uene
under reduced pressure. The dried nonopal mtyl poly(ethylene glycol),
was di ssol ved i n anhydrous toluene 10 (50 nL) to which was added a
20% (W w) solution ofpotassiumtert-butoxide in THF (4.0 m, 6.6
nmol es) and 4- chl orobut yral dehyde di ethyl acetal (0.96 g, 5.3

mmol es, MW 180.67). The m xture was sti8@ed at 100-105 C overni ght
under an argon atnosphere. After cooling to room 15 tenperature, the
m xture was filtered and added to 150 m ethyl ether at 0-5 C. The
precipitated product was filtered off and dried under reduced
pressure. Exanple 11. The Conjugation of Cctreotide at N-term nal 20

Ami ne G oupebkBl dbnepal mpt-khaPat yégt hykeneicgbyadi t (PAL BESyBA GTene
In a typical of nmonopal mtyl poly(ethylene

gregaration, 201. 6 L
gl ycol ) - but GHEFIEhyRRE YR EEeRY A it HYBARCSS R IBEG BADA) was
di ssolved in 10 nmL of 0.1 M phosphoric acid (pH 2.1) and the

resul ti solutign was heatediﬂt 50 00 for 1 h then cooled to room
tenperatlre. The™pHUSFTRE sATut i BRI st eBOLY (8EBYI#Re 19AYREBH
and t he resuybténggsobmt i-oma|s addedg,o & 9 tinboaspf 2496. Sormef 305

octreotide Il'nﬂ) 3'1o.15asm‘ a%feo 'r%pycg?giyurgapﬁeoép%%} ed?%’f—_iﬂlxﬁg"‘ off toluene
undexr reduced pressure. The dried monopalmityl
pely(ethylene glycel), was dissclved in anhydrous toluene

10 (50 mL) to which was added a 20% (w/w) solution of
potassium tert-butoxide in THF (4.0 ml, 6.6 mmoles) and 4-
chlorobuty;aldehyde diethyl acetal (0.96 g, 5.3 mmoles, MW

180.67). The mixture was stirred at 100-105 °C overnight

under an argen atmosphere. After coecling to room

15 temperature, the mixture was filtered and added to 150 ml

ethyl ether at 0-5 °C. The precipitated product was

filtered off and dried under reduced pressure.

Example 11. The Conjugation of Octreotide at N-terminal
20 Amine Group with Monopalmityl Poly(ethylene glycol) (PAL-
PEG-BA-QCT)

In a typical preparation, 201.6 mg of monopalmityl
poly{ethylene glycol)-butyraldehyde, diethyl acetal (PAL-

25 PEG-BADA) was dissolved in 10 mL of 0.1 M phosphoric acid
(pH 2.1) and the resulting solution was heated at 50 °C for

1 h then cooled to room temperaturé. The pH of the
solution was adjusted to 5.5 with 1 N NaOH and the
resulting solution was added to a solution of 135.3 mg of

30 octrectide in 3.5 mL of 0.1 M sodium phosphate buffer (pH



31 5.5). After 1 h, 18.9 ng of NaCNBH3 was added to have a
concentration of 20 M The reaction was conti nued overni ght at room
tenperature. Then the reaction m xture was either dialyzed with a
menbrane having a MV cutoff of 5 2000 daltons or |oaded on a
preparative HPLC with a C 18 colum. The purified conjugated
octreotide was primarily a single conpound with one prinmary am ne
(lysine), and one secondary amne (N-termnal). 10 Exanple 12.1n
vitro rel ease and stability of peptides and bi odegradabl e pol ynmer in
| i qui d pol ynmeric conpositions Poly(DL-I|adtide-co-glycolide)(PLG) of
an 85/15 15 ratio of lactide to glycolide having a pol ydi spersity of
1.5 (DLPL&5/15, 1V: 0.28) was dissolved in N-nethyl-2- pyrrolidone
(NM?) to obtain a 50% sol ution by weight. The peptides were m xed

with the PLGAYMol fHi'H i h Rvp 1 %i 98 &EuMiadiBisi mpsctadsied to have a

conposi ti on cahceatirasishowsd n A@bl @201rhdablreatiibRj €6daab! &ontinued
pol yneric fornulatkgns tested Sanpl es Peptide DLPLG3515/ NMPDr ug | oad

overnig at room temperature. Then the reaction mixture

was either dialyzed with a membrane having a MW cutoff of

5 2000 daltons or loaded on a preparative HPLC with a C-18

columr_‘x. The purified conjugated octreotide was primarily a

single compound with one primary amine {lysine), and one

secondary amine (N-terminal)}.

10 Example 12, In vitro release and stability of peptides

and biodegradable polymer in liguid polymeric compositions

Poly (DL-lactide-co—glycolide) (PLGA) of an B5/15

15 ratio of lactide to glycolide having a polydispersity of
1.5 (DLPLG85/15, 1IV: 0.28) was dissolved in N-methyl-2-
pyrrolidone (NMP) to obtain a 50% solution by weight. The
peptides were mixed with the PLGA solution in NMP to give

a uniform injectable composition at ratios shown in Table

20 1.

Table 1: Injectable polymeric formulations tested

Samples Peptide DLPLG 8515/NMP|Drug load
(mg) (mg) (%, w/w)

Blank 0 1000 0]

oCT 60 940 6

Pal-PEG-BA-OCT {120 880 6

An aliquot from each formulation was taken for in

25 vitro release in phosphate buffer at pH 7.4 containing



(mg) (nmy) (%ww Blank 0 1000 O OCT 60 940 6 Pal - PEG BA- OCT 120 880
6
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20
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32

0.1% sodium azide at 37 °C and the remaining formulation
was used to monitor the stability of the peptides and the
polymer at room temperature over time. The time points are
0.125, 1, 2, 5, 7, 14, 21, and 28 days. Purity of the
peptides in the sample was determined by HPLC. Molecular
weight of the polymer was determined by gel permeation
chromatography (GPC}) using polystyrene standards with
known molecular weights.

According to prior art, the presence of a
nucleophilic group on a peptide can lead to an interaction
between the peptide and the biodegradable polymer of a
composition. The nucleophilic groups on the peptide can
react with the biocdegradable polymer to form acylated
products and can catalyze the degradation of the
biodegradable polymer. It is well known that when
octreotide and poly(DL-lactide-co-glycolide) are combined,
especially in an organic scolution such as NMP, the
octreotide will be acylated and the poiymer will be
degraded rapidly. The N-terminal conjugation of the
octreotide in the present invention contains one primary
amine, one secondary amine and one C-terminal carboxylic
acid group and is expected to interact and/or react with
the polymer similarly to the octreotide itself. However,
it has been unexpectedly found that the covalently
conjugated octrepti@e of the present invention prevented
the acylation reaction and significantly reduced the
degradation rate of the polymer relative to the unmodified
octreotide. As described in the prior art and shown in
Table 2, when the octreotide was mixed with poly(DL-

lactide~co-glycolide) solution in NMP, the octreotide was



32 0. 1% sodi um azide at 37 C and the remaining fornul ati on was used
to monitor the stability of the peptides and the polyner at room
tenperature over tinme. The tinme points are 0.125, 1, 2, 5, 7, 14, 21,
and 28 days. Purity of the 5 peptides in the sanple was determ ned by
HPLC. Mol ecul ar wei ght of the polynmer was determ ned by gel

per nmeati on chromat ography (GPC) using pol ystyrene standards with
known nol ecul ar wei ghts. According to prior art,the presence of a 10
nucl eophilic group on a peptide can lead to an interaction between
the peptide and the biodegradabl e pol yn®3 of a conposition. The

nucl eophilic groups on the peptide can react with the bi odegradable
polymer to form acyl ated products and can catal yze the degradati on of

e 1) bt ISR B0 TRl o' AL KOS LR e PRl
organi ¢ sol endormlsuctH: asomiVRetele oetceedi de€teirl |7 beapsyl abedvand tdme
pol ymer “ﬁ'hogslgﬁ959d%%n5%%5Q£%-AE‘%J§€5§€“JE¥ g%ggfgangg gEtEQeSG
days under the same condition. As shown in Table 3, the

5 molecular weight of the polymer in the formulation
containing octreotide decreased rapidly at room
temperature. After 21 days, the molecular weight of the

polymer was reduced by 50%. However, for the polymer in

the formulation containing covalently coniugated

10 octreotide, more than 90% of the original molecular welght

was retained.

Table 2: Stability of the peptides in liquid polymeric

formulations
15
Time
(Day) OctreotidePAL-PEG-BA-OCT
7 2.3 99.6
14 0.6 100.0
21 0.3 100.0
56 0.0 : 160.0

Table 3: Stability of the polymer in liguid polymeric

formulations

Time (day) 8515PLG in NMP OctreotidePAL-PEG~BA-OCT

0 100 100 100
0.1 100.0 85.8 100.6
1 99.2 75.3 99.8°

2 95.0 66.1 98.8



20 octreoti

de in the present invention contains one prinmary am ne,

one secondary am ne and one C-termnal carboxylic acid group and is
expected to interact and/or react with the polyner simlarly to the

octreotide
covalently
prevented t

itself. However, it has been unexpectedly found that the
25 conjugated octreotide of the present invention
he acyl ation reaction and significantly reduced the

degradation rate of the polymer relative to the unnodified

octreotide.
the octreot

As described in the prior art and shown in Table 2, when
i de was nmixed with poly(DL- 38 |actide-co- glycollde)
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24 hours at

days. However, 3
after 56 days under the Sa

roonttenperature and al nost conpletely react ed after 7

; en
i &Oﬁaﬁle 3 the 5

1b‘80nd|t|on-

nol ecul ar wei ght? of the poByBer In the Taggnd at1on gao,rg al ni ng

octreoti de

nol ecul ar wei gh

polynmer in

10

15

20

25

decre

®, k- 6
.
&

Er  was redué%dlby 5@%9q{hmver for t he
t he farnul at1 ovgcentai ning covgalently c@y_ggat ed

As disclosed in the prior art, in order to maintain
the stability of biocactive agents and excipilents in a
formulation, generally, the biocactive agent is packed
separately from other components of the formulation, such
as in the commercial leuprolide formulation Eligard. Then
all the ingredients are mixed immediately before use.
Although, such preparation may prevent the interaction
between peptides and biocdegradable polymers during
storage, it does not prevent any interaction after they
are mixed. The interaction between the peptides and the
polymer can occur during administration and subseguent
release in vitro or in vivo.

When an aliquot from each formulation after
preparation was taken to conduct in vitre release in
phosphate buffer at pH 7.4 containing 0.1% sodium azide at
37 °C, it was surprisingly found that the interaction
between ' octreotide and the polymer occurred during the
mixing and the subsequent release in vitro. As shown in
Figure 3, about 30% of the octreotide detected in the
releasing medium was degraded or reacted with the polymer
within 3 hours. And more than 50% of the octreotide
detected in the releasing medium was degraded or acylated
after 28 days. After 28 days, the polymer matrix was
dissolved in acetonitrile, and the polymer was

precipitated using water. The octreotide was analyzed by



10 octreotide, nore than 90% of the original nolecular weight was
retained. Table 2: Stability of the peptides in liquid polyneric
formul ations 15 Tinme (Day)Cctreoti dePAL- PEG BA- OCT 72. 399. 6

140. 6100. 0 210. 3100. 0 560.0100.0 Table 3: Stability of the polymer in
liquid polyneric fornulations Tinme (day) 8515PLG in NWP

Cctreot i dePAL- PEG BA- OCT 0100100100 0. 1100. 095. 8100. 6 199. 275. 399. 8
299. 066. 198. 8
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HPLC. It was found that more than 50% of the octreotide
remaining in the polymer matrix was also acylated. Such
degradation and/or acylation of the octreotide would
significantly reduce the availability of the native
octreotide and may produce undesired toxic by-products. It
would be highly advantageous to prevent such interaction
between the peptide and the polymer.

Figure 4 shows the in vitro release of the covalently
conjugated octreotide Pal~PEG-BA-0OCT. Although the
modified octreotide contains similar neucleophiles as the
unmodified octreotide, it was surprisingly found that no
degradation of the modified octreotide was detected in the
releasing medium and in the polymer matrix over 28 days.
The results indicate that the covalent conjugation of the
peptide with an amphiphilic moiety such as monopalmityl
poly(ethylene glycol) can prevent or significantly reduce
the interaction and/or reaction between peptides and

biodegradable polymers.

Example 13. Preparation of monopalmityl poly{ethylene
glycol} activated with 4-nitrophenyl chloroformate (NPC)

A mixture of monopalmityl poly(ethylene glycol)
{(average Mn ~1124) (10.0 g, 8.9 mmoles) and benzene (100
mL) was azeotropically dried by distilling off 50 mL
benzene under reduced pressure. The réaction mixture was
cooled to 30 °C, followed by the addition of anhydrous
pyridine (0.802 mL, 10 mmol) under Argon and 4-nitrophenyl

chloroformate (2.015 g, 10.0 mmoles). Once addition was



34 3102. 065.3100.4 798.959. 098.6 14100.857.198.1 2198. 251.392.2

As disclosed in the prior art, in order to maintain the stability of
bi oactive agents and excipients in a fornulation, generally, the

bi oacti ve agent is packed 5 separately from other conponents of the
formul ation, such as in the conmmercial |euprolide fornulation

Eligard. Then all the ingredients are m xed i nmedi ately before use.

Al t hough, such preparation may prevent the interaction between

pepti des and bi odegradabl e pol yners during 10 storage, it does not
prevent any interaction after they are @xed. The interaction between
t he peptides and the polymer can occur during adm nistration and
subsequent release in vitro or in vivo. Wien an aliquot from each
formulation after 15 preparation was taken to conduct in yitro

rel ease in §ﬁ8§§ﬁ5€e bE}F$err%ﬂCt|c}I9n7. ¥aSonfhiAFRY P4 %%odi Gm &% d& ab
37 C, it wagoslppetsbrgbyitoing dveinidier | Ot e¥dt indaiweak
octreotide and the pol yner occurred during the m xing and the
subsequent release in vitro. As shown in 20 Figure 3, about 30% of
the octreotide dehectmthdtichheni:etesasi Rgsnedidam pescslegs adedi Dbwed by

reacted wt h ol r. wthin 3 haqurs. And e than, 50% .of the .
oct reoti%me 28{“8%{32(1 c%@r:evheé F%F‘e’?ﬁ? ngrﬁ@dimﬁ V\ggiﬁ’é@‘f%dgéi SIci&tden
after 28 days. wdwr. ZBhaayssidie pebymercogbEbX1iMSd25rom 2-propancl
di ssol vedi naget,onht,r bl g, gndthepol ymer was oI using water.
The octreot?gegaggga?é?yge%£b§§e PrCauEe PeAL §Eééﬁﬁ%%‘
Example 14. The Conjugation of Octreotide with
10 Monopalmityl Poly(ethylene glycol) (PAL-PEG-OCT)

236.5 mg of PAL-PEG-NPC was added to a solution of
239 mg of octreotide in 10 mL of 50 mM sodium borate
buffer (PH 9). The solution was magnetically stirred
15 continuously overnight. The final solution was dialyzed
using a membrane of MW cutoff of 2000. The dialyzed
solution was freeze-dried and analyzed by HPLC. The
results indicate the modified peptide is a mixture of
monosite and multiple site conjugated octreotide.
20
The invention 1is not limited by the embodiments
described above which are presented merely as examples and
can be modified in various ways within the scope of

protection defined by the appended patent claims.



35 HPLC. It was found that nore than 50% of the octreotide renaining
in the polyner matri x was al so acyl ated. Such degradati on and/ or
acylation of the octreotide would significantly reduce the

avai lability of the native 5 octreotide and may produce undesired
toxi c by-products. It would be highly advantageous to prevent such
interaction between the peptide and the polyner. Figure 4 shows
the in vitro rel ease of the coval ently 3%onjugated octreotide

Pal - PEG BA- OCT. Al though the 10 nodified octreotide contains simlar
neucl eophil es as the unnodified octreotide, it was surprisingly found
t hat no degradation of the nodified octreotide was detected in the
rel easi ng nedht¥ and in the polyner nmatrix over 28 days. The results
i ndi cate that thﬁaﬁ%ﬁﬁkﬁnt conjugation of the 15 peptide with an
anphi philic noiety sSuch 'as nonopal mtyl poly(ethylene glycol) can
prevent or 3ignifilaniild peduee ithehbphetact i 08l andh®ss eaat it

bet ween pepti des d, bi adegr adabl e pol yners, 20 anpl e
13.PreparatF%%tEﬁEﬁﬁ%dﬁgﬁﬁ%FyP p&l§g§F QFBEéCgPVE%F§g%&Q?Mated with
4-ni t r ophenybmghl o110 or Bt & NBGhaceutical fyMiXtus€a19f mopapal mityl
pol y(ethyl ene glycol) (average Vi -1124) (10.0 g, 8.9 nmol es) and
benzene (1007#R3Uknely Festaddpidediley PEEYBET by (Bl s? i PR HrR YT 156 1y

benzene undgt-4educed rESSW €106 eaqki I X M@gz- oled to 30
C, followed b§ t he addi tion ofOénhyéro%s&pggag%ng%%%éBO :ﬁf, 10 mmol)

under Ar gonPahdeRhide oshmamgatell edshopnat er (2004 51 ppool 10Lamol es) .
Once addi ti gn, vep. . 39, comlete, Lhe reacthon, pes, stilred at 45 C for
2 h foll owe %y sti'rring overni ght 8 Foom t enper at ur e. The'r 4ct i on
m xt ure wasithercdbld erieghoufsollliowed by 5 renoval of the solvent from
the filtrate by distillation in vacua. The residue was

re-crystallized from2-propanol to yield 8 2 g of the product
(PAL- PEG NPE) . Exasnptemdds Thespnpagatlizanof Oct preté dgWchB polypeptide

and the lipophilic moiety or moieties are covalently

conjugated.

3. The composition of c¢laim 2, wherein the polypeptide
and the lipophilic moiety or moieties are covalently

conjugated through a spacer, a bridge or a linker group.

4, The composition of claim 1, wherein the polypeptide
is selected from the group consisting of oxytocin,
vasopressin, adrenocorticotropic hormone (ACTH), epidermal
growth factor (EGF), platelet-derived growth factor
{PDGF}, prolactin, luteinizing hormone, luteinizing
hormone releasing hormone (LHRH), , a growth hormone,
growth hormone releasing factor, insulin, erythropoietin,
somatostatin, glucagoern, interleukin, interferon-alpha,
interferon-beta, interferon-gamma, gastrin, tetragastrin,
pentagastrin, urcgastrone, secretin, calcitonin, an

enkephalin, an endorphin, an angiotensin, thyrotropin



10 Monopal mtyl Poly(ethylene glycol) (PAL-PEG OCT) 236.5 ng of
PAL- PEG NPC was added to a solution of 239 ng of octreotide in 10 nL
of 50 MM sodi um borate buffer (pH 9). The solution was magnetically
stirred 15 continuously overnight. The final solution was dialyzed
using a nenbrane of MWNcutoff of 2000. The dial yzed sol ution was
freeze-dried and anal yzed by HPLC. The results indicate the nodified
peptide is a mixture of nmonosite and m#&iple site conjugated
octreotide. 20 The invention is not limted by the enbodi nents
descri bed above which are presented nerely as exanpl es and can be
nodified in various ways within the scope of protection defined by

t he appendef®pad@ehtd clxigmene 37 TEHAL MStWaoE| anaerodis A fdqudnl (TNF),

pol ymeri c. pﬁ'&‘f%‘%ﬁ%i&a'h&%&%m tipR, f or n899%r O%gﬂtxg .e'FaﬁsteorOf Qer),

t her apeuti ¢ pol ypeptide, conprising: (a) a pharfaceutically

accept abl e, gwaterod isotamloey bitodegreadalyl e qualomerG-qdy) ,a granulocyte

pharmaceutical |y .accept abl e organi.c sol vent; apd(%g) ther apeutic

polypeptidem%%ﬁ%ﬂﬁ%eﬁ iYH on Wﬂlﬁﬁﬁ%§| ﬁﬁﬁﬂﬁlﬁ_ ﬁﬁ%@V|é§4%ﬂ? e

the conpositbdeny s doinhethiagm edcad: i njecisahl e MegepuUSadd QUIhscllar

The conpositign of claim1, wherein the polypeptide and the _

| i pophi | i c FTetEe brahoi @FP@Eharék%ﬁﬁé]ean%gl nj ughPBE. ™RTPiRgenic

conposi ti onpefc&lmi m@ypyher ik he polyp &Elﬁﬁ@ndﬁgﬁ%ihbpop(@ﬂ#-%),

noi ety or noieties are covalently conjugated through a spacer, a

bri dge or a®¥$mKerdgyr qegptide YY (PYY}, Ghrelin, renin, bradykinin, a
bacitracin, a polymyxin, a colistin, tyrocidine, a
gramicidin, a cyclosporin, an enzyme, a cytokine, a
vaccine, a glycoprotein, follicle stimulating hormone,
kyotorphin, taftsin, thymopoietin, thymosin,
thymostimulin, thymic humoral factor, serum thymic factor,
a colony stimulating factor, motilin, bombesin, dinorphin,
neurotensin, cerulein, urokinase, kallikrein, a substance
P antagonist, angiotensin II, blood coagulation factors
VII and IX, lysozyme, a gramicidine, melanocyte
stimulating hormone, thyroid hormone releasing hormone,
thyroid stimulating hormone, pancreczymin,
cholecystokinin, human chorionic gonadotrophin, protein
synthesis stimulating peptide, gastric inhibitory peptide,
vasoactive intestinal peptide, and platelet derived growth

factor.

5. The composition of claim 1, wherein the polypeptide
is selected from the group consisting of ACTH, glucagon,
somatotropin, thymosin, a pigmentary hormone, somatomedin,
chorionic gonadotropin, a hypothalmic releasing factor, an
antidiuretic hormone, thyreoid stimulating hormone,

biphalin and prolactin.



4. The conposition of claiml1l, wherein the pol ypeptide is selected
fromthe group consisting of oxytocin, vasopressin,
adrenocorticotropi c hornone (ACTH), epidermal growth

factor (EGF), pl atel et-derived growh factor (PDGF), prolactin,

| ut ei ni zi ng hornone, |uteinizing hornone rel easing hornone (LHRH)" a
growt h hornone, growth hornone rel easing factor, insulin,

erythropoi etin, somatostatin, glucagon,39 nterl eukin,
interferon-al pha, interferon-beta, interferon-gama, gastrin,
tetragastrin, pentagastrin, urogastrone, secretin, calcitonin, an
enkephal i n, an endorphin, an angiotensin, thyrotropin 38 releasing
hor rone (TRE), tTimdrcovpedsisod acforcl@ENF)], pahat@ynoitdehgaipeptide
(PTH), nerve_growth facto NGF).. granul ocyt e-col.any stigul ating .
factor (G CSF), S‘\é\i%%ﬁ%cyf%&ﬁac% )phage: ol o%?f‘ssjtsitrﬁﬁ/gat iorfgufra?&a(l}"r e
(GMt CSF), naslophage= col enydstranl agiag-f actoct ¢ CSEEF) hepar i Raseith
vascul ar endothelial growh factor (VEGF), bone norphogenic protein
(BMP), hANP oG UeagonTTTKe pet i AR 192 S idiendtd U petadeopde.
(PYY), Ghreliderf@nimaipradyki ni it o RadiRg), a polydwed bn-Jamma,
colistin, tyrocidine, a gramcidin, a cyclosporin, an enzyne, a
cyt oki ne, at¥betiteina gPpésphoreid, flolimasice stPRUD ati rif drgednd ke
kyot of phi N, pLa 184 NaltAIMNDPALE! Lo LAXMRS! Roydfiymosti il in, thym c
hunor al fac%or serumthymc fa tgr, a colony stinulating factor,
notilin, bonmbesin, dinorphin, neurotensin, cerulein, urokinase,

kal | i krei n,,a sulstan P_ant agoni.st,, .angiotensin |1, bl ood .
coagulatioanacggh% %ﬁﬁp%%h@%%? P§sé§fﬁ%i:g gF§ﬁ¥%% iEE? ﬁﬁ%ﬁ%ﬁ%ﬁﬁ?e
stimul at i ngifog orsgort Hyirkal ghelparisene rnebeas) ng hornone, thyroid
stimul ati ng hornone, pancreozym n, chol ecystokinin, human chorionic
gonadotrophin, protein synthesis stinulating peptide, gastric
inhibitory peptities vasgasitvenipteslianal pephhdeciandnpl aidlwleptide
derived gromh factor. 5. The conmposition of claim1, wherein the

pol ypepti de*$ 2% ¥t ed from the group consisting of ACTH, gl ucagon
somat otropin, thynosin, a pignentary hornone, somatonedin, chorionic
gonadotropin, a hypothalmc releasing factor, an antidiuretic

hor mone, thyroi d'lxt i aorp®$higldor abnelabiphbd | nhandipr shactdalyped3 ide.
The conposi{écghggeégﬁ%gwl, wherein the pol ypeptide is selected from
the group consisting of rapamycin, naltrexone, epidermal growth
factor (EGF), a growth hornone, growth hornone rel easing factor
octreotide,.jinterferon-al pha,interferon-beta,interferon-ga .
calcitonin,%%?atIV?oFam%%gh%%%tP?ﬁ)F&F&@ad@h-wﬁﬁﬁeb%pggaeFggsgﬁfffde
and peptidei¥Yid:¥M¥)n.

11. The composition of cilaim 1, wherein the lipophilic
moiety 1is selected from the group consisting of €3-39-
alkyl, C3-39-zlkenyl, C3-39-alkadienyl, tocopherol and

steroidal compounds

12. The composition of claim 11, wherein each of the C3-
39-alkyl, C3-39-alkenyl and C3-39-alkadienyl is (i)
straight chain or branched, and (ii) saturated,

monounsaturated or di-unsaturated.



7. The conposition of claim1, wherein the pol ypeptide is glucagon

i ke peptide 1 (GLP-1). 8. The conposition of claim1, wherein the
pol ypeptide is exendin 9. The conposition of claiml, wherein the
pol ypeptide is octreotide 10. The conposition of claim1l, wherein
the pol ypeptide is insulin. 11. The conposition of claim1, wherein
the lipophilic noiety is selected fromthe group consisting of
03-39-al kyl , C3-39-al kenyl, 03-39-al kadt&nyl, tocopherol and

st eroi dal conpounds 12. The conposition of claim11l, wherein each of
t he 0339-al kyl, 03-39-al kenyl and 03-39- al kadi enylis(i)

st rai ght chai nor branched, and(ii ) sat urated, nonounsaturated or

di -unsaturatéd. Th® ceBproFhbiennpdsi ¢latofl,clwdignain whbeeilipdphilic
| i pophilic i j lipid. 14. The conposition of claiml,
wherein theﬂgil’%{eg%%d‘gb]]l r?glyrrer is selected fromthe group
consisting of a polylactide,a polyglycolide,a polycaprol actone, a

14. The composition of claim 1, wherein the biodegradable
polymer 1is selected from the group consisting of a
pelylactide, a polyglycolide, a polycaprolactone, a
polydioxanone, a polycarbonate, a polyhydroxybutyrate, a

polyvalkylene oxalate, a polyanhydride, a polyamide, a

polyesteramide, a polyurethane, a polyacetal, a
polyorthocarbonate, a polyphosphazene, a
polyhydroxyvalerate, a polyalkylene succinate, and a

polyorthoester, and copolymers, bklock copolymers, branched
copolymers, terpolymers and combinations and mixtures

thereof.

15. The composition of claim 1, wherein the biodegradable
polymer 1is selected from the group consisting of a
polylactic acid and a polyglycolic acid, and copolymers

thereotf.

l6e. The composition of «c¢laim 1, wherein the organic
solvent is selected from the group consisting of N-methyl-
2-pyrrolidone, N,N-dimethylformamide, dimethyl sulfoxide,
propylene carbonate, caprolactam, triacetin, benzyl
benzoate, benzyl alcohol, ethyl lactate, glyceryl
triacetate, an ester of citric acid, polyethylene glycel,
alkoxypolyethylene glycol, polyethylene glycol acetate, or

any combination thereof



pol ydi oxanone, a pol ycarbonate, a pol yhydroxybutyrate, a pol yal kyl ene

oxal ate, a pol yanhydri de, a polyam de, a

pol yest er am de, apol yur et hane, apol yacet al , a pol yort hocarbonate, a

pol yphosphazene, a pol yhydroxyval erate, a pol yal kyl ene succi nate, and

a polyorthoester, and copol yners, block copolyners, branched

copol yners, terpolynmers and conbinations and m xtures thereof. 15.

The conposition of claim1, wherein thetbiodegradable polyner is

selected fromthe group consisting of a polylactic acid and a

pol ygl ycolic acid, and copol yners thereof. 16. The conposition of

claim1l1, wherein the organic solvent is selected fromthe group

consi sting of . N-#et hzyatth pyrfof i dohernid\- di et hy | ¥onntedn degolymeric

di et hyl squOX|de Ienecarb nat e, c%proiacta triacetin, benzyl

benzoate, bBHZHIS a"?%ojho SO &E P8 eOFgl GEBFYI tri ac¥ties iy the

ester of ci Bteps acid, p@l yetindcare ngl y@olphaalﬂa@ém@@bmupylaef@;gﬂa\m@,,

pol yet hyl ene col acetate, or _any conbination thereof 41

Anethodforfﬁ?ﬁ?%g&?ﬁﬂ%?ﬁﬂQﬂmalyn§PP@e€H§Pﬁﬁé@utlca?O%EW%65|t|dﬁlof a

claimli, Coﬁﬁéfrﬁéé@aﬂi&lsltﬁp%&feptﬁﬁﬁed' 8$8LNi Ry & phafmaceut iLald y o

acceptable wat er - i nsol ubl'e, blodegradab epol yneri na pharnmaceutical ly

accept abl e BPYERFE SOLUEAPNE 0 N6t mia) paldpveingol the orolamdr (Holution

adm xing th | yayer Is ecti f

Fher apedt i o ooy ant (a0 Lary gat A AN t K 'ong ot IorBUPHHo, i ypeptice

noi eti es tOC@mﬁmmétmmawnemeum¢car moﬂpOSuprh111¢8mersmésdpo form a

biodegradabgﬂga L ceéglc use in sustalned delivery of a therapeutic

pol ypepti de“conprisin % QUI& polynerlc phar maceut i cal

conposi tion of cla|n11 19 The i npl ant of claim 18, wherein the

pharnaceutlfgl cong0f|t|o% is suitable for adm nistration by

i nj ection iodegradablie implant for wuse 1in “sustained
delivery of a therapeutic polypeptide comprising the

liguid polymeric pharmaceutical composition of claim 1

19. The implant of claim 18, wherein the pharmaceutical

composition is suitable for administration by injection



