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Degr r%d(%tcelm\l/ent by utilizing the inherent biodegradability of the polymer to
control the release of the medicament thereby providing a more consistent,
sustained level of medicament and improved patient compliance.

However, these sustained release devices can often exhibit high

20 initial bursts of medicament and minimal release thereafter, resulting in
serum drug levels outside the therapeutic window and/or poor bioavailability
of the medicament. In addition, the presence of polymer, physiological
temperatures and body response to the sustained release composition can
cause the medicament to be altered (e.g., degraded, aggregated) thereby

25  interfering with the desired release profile for the medicament. -

Further, methods used to form sustained release compositions can

result in loss of activity of the medicament due to the instability of the
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separately or, preferably, together. The sustained release composition
provides a desirable and consistent release profile. In a particular
embodiment, the profile is characterized as having a ratio of Cpax to Caye of
about 3 or less. In a preferred embodiment, the biologically active
25  polypeptide is an antidiabetic or glucoregulatory polypeptide, such as GLP-1,
GLP-2, exendin-3, exendin-4 or an analog, derivative or agonist thereof,
preferably exendin-4. The sugar is preferably sucrose, mannitol or a
combination thereof. A preferred combination includes exendin-4 and
sucrose and/or mannitol.
30 Additionally or alternatively, the sustained release composition comprises a
biocompatible polymer, an agent, such as a biologically active polypeptide and a

sugar wherein the composition has a total pore volume of about 0.1 mL/g or less. In
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The composition of this invention can be administered to a human, or other
25  animal, by injection, implantation (e.g., subcutaneously, intramuscularly,
intraperitoneally, intrécranially, and intradermally), administration to mucosal
membranes (e.g., intranasally, intravaginally, intrapulmonary or by means of a
suppositbry), or in situ delivery (e.g., by enema or aerosol spray).
When the sustained release composition has incorporated therein a hormone,
30  particularly an anti-diabetic or glucoregulatory peptide, for example, GLP-1, GLP-2,
exendin-3, exendin-4 or agonists, analogs or derivatives thereof, the composition is

administered in a therapeutically effective amount to treat a patient suffering from
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conposi tions, descri bed here
he ratio of silicone 011 to methylene chlonde has on the porosity of the
~ microparticles formed.
25 FIGS. 3A-3B are scans of cryogenic SEMs for selected microparticle
~ formulations described herein.
FIG. 4A-4D are scans of cryogenic SEMs for selected microparticle
formulations described herein.
FIG. 5 is a plot of % residual ethanol and methylene chloride versus Tg for
30  microparticle formulations described herein.
FIG. 6 is a representative pharmacokinetic curve (concentration, pg/mlv.

time, days with inset showing concentrations over first day) for Formulation 2-1
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release profile having a ratio of maximum serum concentration (Cpax) to average

serum concentration (C,,.) of about 3 or less. As used herein, the terms a or an refer

20  to one or more.

The Agent .
In a preferred embodiment, the agent is a biologically active polypeptide

such as an antidiabetic or glucoregulatory polypéptide, including GLP-1,.GLP-2,

25 exendin-3, exendin-4 or an analog, derivative or agonist thereof. Most specifically,
the polypeptide is exendin-4. However, other agents can take advantage of the
discoveries made herein.

Biologically aéﬁve polypeptides as used herein collectively refers to
biologically active proteins and peptides and the pharmaceutically acceptable salts

30 thereof, which are in their molecular, biologically active form when reléased in vivo,

thereby possessing the desired therapeutic, prophylactic and/or diagnostic properties
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blood glucose concentrations, but not during periods of low blood glucose
concentrations (hypoglycemia). It has also been shown to suppress glucagon

25 secretion, slow gastric emptying and affect food intake and body weight, as well as
other actions. As such, exendin-4 and analogs and agonists thereof can be useful in
the treatment of diabetes mellitus, IGT, obesity, etc.

The amount of biologically active polypeptide, which is contained within the

polymeric matrix of a sustained release composition, is a therapeutically,

30  diagnostically or prophylactically effective amount which can be determined by a

person of ordinary skill in the art, taking into consideration factors such as body
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include, but are not limited to, sucrose, lactose and trehalose. Suitable \
25  oligosaccharides include, but are not limited to, raffinose and acarbose.

The amount of sugar present in the sustained release composifion can range
from about 0.01% (w/w) to about 50% (w/w), such as from about 0.01% (w/w) to
about 10% (w/w), such as from about 0.1% (w/w) to about 5% (w/w) of the total
weight of the sustained release composition. Excellent release profiles were

30  obtained incorporating about 2% (w/w) sucrose.
Alternatively, the amount of sugar present in the sustained release

composition can be referred to on a weight ratio with the agent or biologically active
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I's about "3:2 nati ons of two or nore sugars
canPalyetrrpidgs éﬂlya“VH@d%inRﬂM?m@P agidg)gpolyorthoesters,

poly(dioxanone)s, poly(alkylene alkylate)s, copolymers or polyethylene glycol and
polyorthoester, biodegradable polyurethane, blends thereof, an:i copolymers thereof.
Suitable biocompatiblg, non-biodegradable polymers include non-

25  biodegradable polymers selected from the group consisting of polyacrylates,
polymers of ethylene-vinyl acetates and other acyl substituted cellulose acetates,
non-degrédable polyurethanes, polystyrenes, polyvinylchloride, polyvinyl flouride,
poly(vinyl imidazole), chlorosulphonate polyolefins, polyethylene oxide, blends
thereof, and copolymers thereof.

30 Acceptable molecular weights for polymers used in this invention can be

| determined by a person of ordinary skill in the art taking into consideration factors

such as the desired polymer degradation rate, physical properties such as mechanical
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26\ccept abtiR siRhigedHefthse@ingbisorf SthiP RvYATRL L al! §cefd)rd1&i ihfd rRany
invention can be determned by a person of ordinary

ski Phapgspuethgs afiilm, g arlich@ oy Hndsr. @dlission e ragrpeatidieycA arieroparticle,

as defined herein, comprises a polymer component having a diameter of less than
about one millimeter and having biologically active polypeptide dispersed or
dissolved therein. A microparticle can have a spherical, non-sphericél or irregular
25 » shape. Typically, the microparticle will be of a size suitable for injection. A typical
size rangé for microparticles is 1000 microns or less. In a particular embodiment,

the microparticle ranges from about one to about 180 microns in diameter.

Additional Excipients.

30 While it is possible that additional excipients can be added to the
formulations of the claimed invention as is well known in the art, a surprising

discovery of the present invention is that an excellent release profile can be achieved
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aqueous phase to achieve a sustamed release formulation with agent, e.g., exendin-4,

with good to excellent bioavailability. It was also a surprising dlscovery that salting
25  out salts were unnecessary to control burst of the agent, e.g., exendin-4. As such,
the compositions of the invention also include compositions, as described herein, in
the substantial (or complete) absence of buffer and/or salting out salts.
Alternatively or additionally, the sustained release compositidn of the
~ invention has low porosity. In such embodiments, the sustained release composition
30 comprisesa biocompatible polymer, a biologically active polypeptide and a sugar

wherein the composition has a total pore volume of about 0.1 mL/g or less. In a
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example, GLP-1, GLP-2, exendin-3, exendin-4 or agonists, analogs or derivatives

thereof, the composition is administered in a therapeutically effective amount to

treat a patient suffering from diabetes mellitus, IGT, obesity, cardiovascular (CV)

disorder or any other disorder that can be treated by one of the above polypeptides or
25  derivatives, analogs or agonists thereof.

Other conditions which can be treated by administering the sustained release
composition of the invention include Type I and Type II diabetes which can be
treated with a sustained release composition having insulin incorporated therein. In
addition, when the incorporated polypeptide is FSH or analogs thereof the sustained

30 release composition can be used to treat infertility. In other instances, the sustained
release composition can be used to treat Multiple Sclerosis when the incorporated

polypeptide is beta interferon or a mutein thereof. As can be realized, the sustained
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Propionate, Halometasone, I-Ialopredone Acetate, Hydrocortamate, Hydrocortisone,

Loteprednol Etabonate, Mazipredone, Medrysone, Meprednisone,

25 v Methylprednisolone, Mometasone Furoate, Paramethasone, Prednicarbate,
Prednisolone, Prednisolone 25 - Diethylamino-acetate, Prednisolone -Sodium
Phosphate, Prednisone, Prednival, Prednylidene, Rimexolone, Tixocortol,
Triamcinolone (all forms), for example, Triamcinolone Acetonide, Triamcinolone
Acetonide 21-oic acid methyl ester, Triamcinolone Benetonide, Triamcinolone

30  Hexacetonide, Triamcinolone Diacetate, pharmaceutically acceptable mixtures

thereof and salts thereof and any other derivative and analog thereof..
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Corticosteroids, as defined herein, refers to

st efmY8HOMNt i - i nfl anmat ory agents also referred to as

gl ucocorAi 6@l ﬂ&ein, patient refers to a human, such as a human in need of the
agent or therapy, prophylaxis or diagnostic method.
As defined herein, a sustained release of biologically active polypeptide is a
25 release of the polypeptide from the sustained release composition of the invention
~ which occurs over a period which is longer than that period during which a
biologically significant amount of the polypeptide would be available following
direct administration of a solution of the polypeptide. It is preferred that a sustained
release be a release which occurs over a period of at least about one week, such as at
BQ least about two weeks, at least about three weeks or at least about four weeks. The
sustained release can be a continuous or a discontinuous release, with relatively

constant or varying rates of release. The continuity of release and level of release
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by graphing the serum levels of a biologically active agent in a subject (Y-axis) at
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exanpl e, the corticosteroid can be solubilized in the

vehicle used to deliver the sustained rel ease
w@oposi4e3 on. Alternatively, the corticosteroi BCTES200£011547

present as a solid suspended_i _an appropriate

vehicle. Further, the corticosteroid can be present as

a powder which is commngled with the sustained

r el eaRentfaABPORdebthid rlholégﬁca'll? altd b ShaRHde hitals ih iR patient’s

corticosteroid is present in an anmount sufficient to

i ncPEEBeAnigsample af/aich tepting is geseribedherek for @@n@aﬂi y

active PsayRERE ARId HOMHRE o?t‘HF gﬁtleﬁﬁg mdn ?tatﬁg therapeutic

conmposi tion. Increased bi oaval ers to an

i nceletseofithe aghrt upprothe aatleamambpysqﬁfto pmrmu refentisingd ey

ctiy S

S o Bef ARG AR el e R B T R A Barmacadynanc

i n efaesaan bo sﬁlwdtuas,eda!dm thie bolapidabin adtive phlyperitide agest sfing

cor - | begi nning at two

dayédnglgé{e%dgjsglﬁ%? %1?’ gaﬁ@tﬁﬁ% glgng at the end of the

rel ease cycle for the particular fornulation. As used

her ei n, refers to a human, such as a hunan in

need of @ﬁﬁ#@;&%%t or therapy, prophylaxis or

1¢li agnostA mumrbctrmﬁ chethAds m‘ekilcweobmehieﬁ sustained tedd¢aad comtpositions

| | | | tide i
" o1 ERDE B biopieR e hoiRe i vy BafBr BERE iiFnich Fupe umed
co npaje¢marmoﬁfpoi1h@1slha\¢ieg1 Lolvxop’btr%ﬁty ahdesc@beﬂd gemﬂa Detailed
n eril.o uri.n
D P Riis ) sae AP BIBHE SPHEN 56 ey Suth s Working
wWouEghniifesalhed prefotred érﬁlbddﬂmmghdihétﬂét_t ofahlTinkérion actrlf@rmﬁg a

solution qof the [ referred tha
1§ < Sorthastiop S e s BRcd R iBies Biolqgicallk aBivE mp kP maludss
per fpflingfa miktureRsdondnOng anid@edie Blase SotEprishsy Wdter, SR8L, such as

about two Wﬁeks -at. | east about three weeks or at
| ead tVaigh¥bl¢ BRIFpeRrda, and arsygarayith g qilRbaseqoRpEzingan e a

CONbioEdHpaSibR poBmdk muowamaﬁthé F&l?ﬁ&e forMitgh wabihloyel y
constant or varyling rates of ease. The COhtIhUItﬁ
of fmyleiaaadding ajcaarsrvatign %é'l‘tefi% @@awl%% icone aibtvsgetahle piher
20 Y PRiirRtal BRkyiE hlﬁ@l@ﬁ@ﬁinﬁu'e%déﬁ%%lel%pﬂtlclemmln the

ratios, nolecul ar weight, bl'ock conposition, and

var $nbrjore FRTPRAFICNSI0 BAUGHEH Wsyo haggisn {hsemicioperticles;
! 0agdlfé&mg@ﬂé%é?&en@@ln@&&ﬂaﬁﬁl&fang)éi?}hﬁ’% ﬁ@h&d&&d%&‘ép G Rcltd erhis

desired ef used herein her apeuti cal ¥
ef f POEGsy & geneyalht refeyed priereie as ac\aater_\ymbmf er@wsv EW/0/0

Preferably, the polymer can be present in the oil phase in a concentration

25 ranging from about 3% w/w to about 25% w/w, preferably, from about 4% w/w to
about 15% w/w, such as from about 5% w/w to about 10% w/w. Excellent results
were obtained herein using a 6% w/w concentration of PLG in the oil phase..

The polymer is generally combined with a polymer solvent. Where the
polymer is a PLG, such as those preferred herein, the polymer is added to a solvent

30 for PLG.  Such solvents are well known in the art. A preferred solvent is methylene

chloride.
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20  solvent. Polymer non-solvents are generally well known in the art. A particularly
preferred quench comprises a heptane/ethanol solvent system.
Solid drug can also be encapsulated using a modified version of the process
described above. This modified process can be feferred to as a solid/oil/oil (S/O/0).
For example, solid exendin-4 was suspended in methylene chloride '
25  containing 6% PLG and sonicated for about four minutes on ice. Subsequent
processing was conducted in a manner analogous to the W/O/O method.
The invention will now be further and specifically described by the following

examples.
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' esgll 1tn§16r emulsion droplet size of less than 1 micron. It is understood that inner
emulsion formation can be achieved using any suitable means. Suitable means of
25  emulsion formation include, but are not limited to, homogenization as described

above and sonication.

B. Coacervate Formation
A coacervation step was then performed by adding silicone oil (21.8 kg of
30  Dimethicone, NF, 350 cs) over about a five minute time period to the inner
emulsion. This is equjvalent to a ratio of 1.5:1, silicone oil to methylene chloride.

The methylene chloride from the polymer solution partitions into the silicone oil and
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encapsulated using a nodified version of the process
At the end of the quench-or decant/wash step, the microspheres were

transferred and collected on a 12" Sweco Pharmasep Filter/Dryer Model PH12Y6.
The filter/dryer uses a 20 micron multilayered collection screen and is connected to
a motor that vibrates the screen during collection and drying. A final rinse with

25  heptane (6 Kg at 3°C) was performed to ensure maximum line transfer and to
remove any excess silicone oil. The microspheres were then dried under vacuum
with a constant purge of nitrogeri gas at a controlled rate according to the following
schedule:. 6 hours at 3°C; 6 hours ramping to 41°C; and 84 hours at 41°C.

After the completion of drying, the microspheres were discharged into a
30  collection vessel, sieved through a 150 pm sieve, and stored at about -20 °C until

filling.
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The water phase was then added to the oil phase over about a three minute
period while sonicating at 100% amplitude at ambient temperature. The water phase
was pumped through a 4" stainless steel tube with a 1" HPLC tube end (ID =
20/1000") at 5 psig, added below the sonication probe inside the sonication zone.

25 Reactor was then stirred at 1400 to 1600 rpm, with additional sonication at 100%
amplitud¢ for 2 minutes, followed by a 30 second hold, and then 1 minute more of
sonication. This resulted in an inner emulsion droplet size of less than 0.5 microns.
It is understood that inner emulsion formation can be achieved using any suitable
means. Suitable means of emulsion formation include, but are not limited to,

30 © sonication as described above and homogenization.
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D. Microsphere Drying ahd Collection
25 At the end of the rinse step, the microspheres were transferred and collected
| ona 6" diameter, 20 micron multilayered screen inside the cone shaped drying
chamber which acted as a dead-end filter. A final rinse with heptane (6 Kg at 4°C)
was performed to ensure maximum line transfer. The microspheres were then dried
with a constant purge'of nitrogen gas at a controlled rate according to the following
30 ~ schedule: 18 hours at 3°C; 24 hours at 25°C; 6 hours at 35°C; and 42 hours at 38°C.
After the completion of drying, the microspheres are discharged .into a

teflon/stainless steel sterilized collection vessel attached to the drying cone. The
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t he annunt of pol ypeptide, for exanple, exendin-4 and

exckéggghﬁgpresent in the prepared formulations is
exp s a %(ww based on the final weight of
10 he sustEkanfiksiof baisic PLOROshdr suitabld i ule 4redividd bélowd All of

noni_nal ercen t .where indicate

M CEePA e&%‘ﬂgﬂ%&iﬁiﬁ Wing examplgsarp 5%?’3?‘“ ithe list pnd all

Enmulistt@polfraés Wete@btathed ot AlkBmidk, In€ B8 ChicAatVBST i Ral Bd
with the aid of a sonicator. Suitable sonicators

|ncF1%F8% odiap o) vCxX 750 with nodel CV33 probe head,
Sonics and Materials Inc., Newtown, CT. The water

ghase of the enul sion vvas prepar ed 25?(/) di ssol vi ng
xendi n- 2olyRer 2é% Epiy(lastids-caghbrolids): Q0 dactide: QIYQ@ItdéFaUOTh%3

concent rgh My Wf IQA’:ggy((qL/ﬁ)he resul ting solution can be
from about 50 to about 100 ng/m . For exanpl e,

when the drug |s exendln 4, the concentration of drug

in sol ut t
hor 65, SP&ﬂgé‘r%k PEIy AR ebggfcon?ueﬁ%o%o 2480 e olféie?%oglglol

g exend|W14ﬂ5aﬁ4d<D21Y‘80@5 -84¢(dd®. were dissolved in 65.5
2€ water for irrigation or WFl. The specified anounts
|

i sted above represent a 4% overage to target load in
PURIFICATION OF PLG: It is known in the art (See, for example, Peptide

Acylation by Poly(a-Hydroxy Esters) by Lucke et al., Pharmaceutical Research,
Vol. 19, No. 2, p. 175-181, February 2002) that proteins and peptides which are
incorporated in PLG matrices can be undesirably altered (e.g., degraded or

25  chemically modified) as a result of interaction with degradation products of the PLG
or impurities remaining after preparation of the polymer. As such, the PLG
polymers used in the preparation of the majority of microparticle formulations
described herein were purified prior to preparation of the sustained release

compositions using art recognized purification methods.
30



order to conpensate for |osses upon filter

sterilization of the conponents. The oil phase of the
weEnbsioaes was prepared by dissol ving PLGA pol yrEr/US2004/011547

(e.g., 97.7 g of purified 50:50 DL4A PLGA (Al kernes,

Inc.)) in nethylene chloride 52539 g or 6% wv). The

wat er phase was then added to the oil phase over about

a t CHRRACTERIZATEONOMETHIODS: soni cating at 100%

anpl i tude at anbi ent tenperature. The water phase was

punped t¥Peksan detqrminedithat fhedolovapgehiaracispigatignimetipdy are
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t he soni cati on probe inside the sonication zone.

Reatf #fivegent hen stirred at 1400 to 1600 rpm with

addi ti onal sonication at 100% anplitude for 2 m nutes,

foll owed by a 30 second hold, and then 1 m nute nore

of 8BMi cation. This resulted in an inner enulsion
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under stood that 1 nner enul'sion fornmation can
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1Co acevrredtvethroartoa tdbarie-fid ebape rSaaiples west sppttevasatédre@ith Au for
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by e EEseaindRiet | Sl Yo RSyl 2 Maoh S2 129 M Sputer
m nCbatet (EnergpBearn Geibteet)nAll SEM imaging ﬁh@%rfoﬂf{i&d&tili&ing a20
equi,vglent to aratio of .1.5:1, silicong oi 0

et K PeliBiran o 1B 2 S BEHRY FopEoARPORTURE Y PUHORAWX.

pol ymer solution partitions into the silicone oil and
eqgi t recipitate the polynmer around the water

1€ha§§§E%ﬁ?§FH§ﬁ@ exendin-4, leading to

M Cr 0eNCRRSibsalstd@idn ofl MR r&PARICHS Wal stilied GFRN@)EBRnic REM. The

formed are soft and require hardeni ng. Ftagﬁently,

th
enbPYBPRAEIGK Brpiprsesehyih JETHR PREY™ $jutdandfigehesrang kept in
shop tryB&At 20 00E obdrAifght. FIAE hEMATER |nﬁcrof)e{r9£ﬁsa\b&ﬁ¥epo§mt% B4 Elass

to about 5 minutes prior to proceeding to t '
m cPshwrand ien degtioney usings. makl knfe r Brephetioned-partdees wage
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observation of the sections provides a method of determining the degree of porosity

for the microparticles.

25  POROSITY MEASUREMENT-MERCURY INTRUSION
Pore volume distribution in microparticles was determined using a model
SutoPor IV 9500 Moden Mercury Intrusion Porosimeter (Micromeritics, Norcross,
GA). Briefly, mercury was forced into a known amount of microparticles in a
penetrometer by applying pressure in a step-wise manner up to a maximum pressure
30 of 60,000 Psia. The volume of mercury intruded into the pores at various pressures
was measured. This method quantifies the pore distribution in the microparticles.

That is, the size of the pores that are intruded is inversely related to the applied



can be determ ned based on the m crosphere batch size.

In the present exanple, about 22 kg heptane and 2448 ¢
wetrdanoi42s n a 30C cool ed, stirred tank (350 tor&BOS0pMY11547

were used. This solvent m xtuse hardened the

m crospheres by extracting additional nethyl ene

chloride fromthe m crospheres. This hardening step

canpbsae. kae,ere?&lﬁsmﬁotme ﬁﬁen‘i’dl' eRE&kdIRal fAbdsn theliqiid-solid-
quenche hour at 3C, the solvent m xture was

dec %O stetIcanbe gpscribist byribe Wailwuxgeﬂum dheleletignshigpetween
anda kg plferrurelan'anVerpotré)mfé iR&VHH méBSY MLCC& td drff@Edescribed

oi |, ethanol and methyl ene chloride on the m crosphere
surbhce D. Mcrosphere Drying and Coll ection At the
end of the rinse step, the mcrospheres were .
transferred and collected on a 6" dianeter, 20 mcron
mul til ayered screen inBirdecedle cone shaped drying
chanmber which acted as a dgad-end filter. A fina

rinse wwth heptane (6 Kg at 4C) was perforned to
ensure maxi mumline transfer. The m crospheres were

t he Led w nstant purge of nitrogen gas at a
con??%flgﬁ &%%gmg%%grdlng to the foll ow ng schedul e:

148 hoursyasurﬁﬁsiteﬁsiommnssam)t 25C. 6 hours at 35C, and

42 hours oégganégégrﬂéle conpl etion of drying, the
n1crospheres are ed into a teflon/stainless

steel stler Plesseed col | ecti on vessel attached to the

The | ection,vessel is. ved
1o IERE sk OE Bk 055 i SplsF ey bRy b ERey
fil bnopgtnlgx:iﬂtcﬂihb albpllll‘eé pRebsuke) GAssiiming ﬂlacﬂn@orbmatlght cylinders, the
i sasse or clea i S ta e r cont ent
1§ naryreres porkheRned G220 spibesilcay <068 g Pemaane
m C(\OS{IIRAr4e Sy tHeQ@oreadréa (m=&Dﬁpart| cle for mul ati ons whi ch
were prepared herein the anount of pol ypeptide, for

exanpl e, exendi n-4 and excipients present in the

pr eRESEIUADSOUNVENTENS IS expressed as a % (w w) based
on the flnal wei ght of the sustained rel ease

conposi t4 sigleTrrghiag W aysed P%ql’é"?faﬁlﬁnrpoﬂhelg}érre@@th@%@d methylene

2@XCEMNbridke Mie bé‘flﬂprﬁ@}h @QlSlsFé@eYMEﬁP 5EXPSRIesS gﬁ’s]C cﬁ&ﬁaﬁb 5;91 w1th
PLG pol yners suitable for use are |listed bel ow.

t hea'p%IXylﬁ@% SOsmpr Sydmm splyrme Abnut b g mistapastices Véﬁf%
set gikQivel ih 10 DK, N-disdettH8mBnlide. Propyl acetate was used as the internal
standard. The sample preparation was adjusted so that concentrations of methylene
chloride as low as 0.03% can be quantitated.
25
MICROPARTICLE PREPARATION
The microparticle batches set forth in Table 1 were prepared as described
above at the 100 gram scale using the 4A polymer and a ratio of silicone oil to
methylene chloride of either 1.5:1 or 1:1 and the silicone oil had a viscosity of 350
30 cs. The amount of exendin-4 and the excipients used in the formulation are also set
forth in Table 1.



listed polyners were obtained from Al kernmes, Inc. of

Ci ncinnati, OH and can be descri bed as foll ows: Polyner
wQ@Z200sRal4y{ | acti de-co-gl ycolide); 50:50 PCT/US2004/011547

| actide:glycolide ratio; 12.3,kD Mol. W; 1V=0 15

(dL/g). Polymer 4A: Poly(lacti de-co-gl ycol i de); 50:50

| actide: glycolide ratio; M. W. 45-64 kD;

| V=0.45-0.47 (dL/g). PURIFICATION OF PLG It is known

inthe art (See, for exanple, Peptide Acylation by

Pol J(*z?—ﬁﬁy]droxy Esters) by Lucke et al., Pharmaceuti cal

Regearcn, _Vol. 19, oh’o- 19 n K Uar vy &g

t hat prgt%ti s and peptl g“s V\h ch arle Ipr@g{?puateﬁ Hlfaﬁks
PLG matrices can|be undesirably al tlebenst (%) g.
degraded or chemjcally nodified) ag a resul { of

i nfer 6‘%61' 0977 (\9’1 t h degoadetrisgovpaodudt s @40 t he PhGSDOI:MeCl
impurities re ni ng after pr epar atl on of the pol yrrer

As bUL.II, te—PEG ld —r—trire pcu

the n@g@PileY+df m crézp/;“éfutl cela(ﬂbf) ormll at I&hs descrg‘b(?g MeCh
hefein were puriflied prior to prepgration off the

sust ap @p}jlél@ngq@se= corffoSictoredRE) usi g ad-44 r edoighl Sigdll: MeClz
purification nmethods. CHARACTERI ZATI/ON METHODS: .1t has
be¢n detf ermi ned ghat oo ng[ch el O

ne{ h8#81%1%# @ t abl e zf/({)?m{otgjge(ﬁﬁwf ying ?né'?r:opdrltz'?%: 1353\1. MeCh

whiteh—wi-—provide a-desirable relgase profille of

acli we.cagest2.3SEV SENfavsowsBf)t 0 dsse®® t he parSi PdiMeCh
size, shape and surface features off the
m PEM 120mgjicdg (vesy perft or med Of &1 Si Oil: MeCl
Pe sgozg)i%%%ﬁf?)) system (ASPEX(tn) LLC). All sarrrl)l :es o

were—tdeposttet—ria afdare—SEM-$t+ths——

co er()éd)30vo4(h2 gar on gg‘l%ﬂé’segﬁc@d t gpe. 1'gan'pl ed{RePE MeCle

sputter coated wijth Au for_about 9Q secondsfat 18 mA

en s, Q%Eﬁ%{#%qm & Sugrose, MR &lS (B3) 16201.3M nif " Spid Qehch
ner

Coat er Beam Sci ences) Al l SEM i magilng was

pefformed—utTtTz 1 20 | on am-Gver i.. 2
nmagnP?-Poatlb@a-2) angigﬁ%l abér;sl%?:g {Ql 33 (It Otl: MeCl

02-019-170(4) 0% Sucrose, 0.5% AS 3.8 1.5:1 Si Oil: MeClz
02-019-133A(#3-3) 2% Sucrose, 0.5% AS (F14) 12.7 100% Heptane
, ' ' Quench
02-019-185(5) 2% sucrose (F17) 0.5 5% drug load,

(5% drug load) 1.5:1 Si Oil: MeClz

02-019-64 (#3-4) 2% Sucrose, 0.5% AS (F14) 0.5 1.5:1 Si Oil: MeClz
02-019-10(#3-5) ' 2% Sucrose, 0.5% AS (F14) 1.30 1:1 Si Oil: MeCl
02-001-196(#3-6) 2% Sucrose, 0.5% AS (F14) 2.70 1:1 Si Oil: MeCl2
02-019-24(#3-7) 2% Sucrose, 0.5% AS (F14) 6.70 1:1 Si Oil: MeClz

*ALL FORMULATIONS HAD 3% DRUG LOAD WITH THE EXCEPTION OF #5
POROSITY



CRYOCGENI C SEM The cross-section of mcroparticles was

studi ed using cryogenic SEM The mcroparticle sanple
wowr®smeesd wi th H STO PREP(r) Sol uti on (Fi schepqT/aszho4/011547

kept in a cryostat at -20C oveynight. The hardened

m croparticles were nounted on a glass cover slip and

then sectioned using a netal knife. The sectioned

parti cl epheVBiafinfiRHE RuRS oI fdrk e SheiiFy insR4bA Sdrosimetry
coat ed wi th Pl atinum and, Pal | adi um and observed under

a Seuhhe rjculatetaversge ROt disaeispeare emyen In TABISHE,\Jhe rglatipnghip
0bs g&Watd M0 aRfage PoretRfmtdi@RARd M wmq@%n@awﬁtsna@ln AFIG. 1
determ ning the degree of porosity f

m croparticles. POROSITY I\/EASUREI\/ENT I\/ERCURY I NTRUSI ON
Por g Applgwe distribution in microparticles was

determ ned using a nodel SutoPor |1V 9500 Moden Mercury

I ntrusion Porosinmeter (Mcroneritics, Norcross, GA)

Br ey, e Tur y Ty PP GE Volule O & ThVWE MO erREe Pore

i ‘ropar%?tél es i a penghrgneter k)ybugggJ/oyl ng B{aﬁl?ép(p%i)

in nner up t0 a naxilmim predsure o

60{ 008,. ﬁ§11@7(#1'5he ‘vol urme 0883 mer cury i 8t4Pudgd i nt @006k

pores at various|pressures was neasured. This nethod

quant pié1836i@m pore di st®Bbution iin OHE 0.0069

m ¢roparticles hat is_ the sizelof the pores that

are iopbragegiiy i nver sel%3tel at ed|t o %t*e 0.0070

ap bl edpr essure 1The ar1||| Libriumof the - internal and

ex{ enmalo-faagieas on t he 1i%ui d- sol | dv@ddr dyst em®4¥ be

de Ci’i de by thc \I\J\Shbur rb onna+| oHh Thgo E | afl r\nehl n

be{ weRr3ap§(K1-2d pressuré) 3 d the porg QI zg into \W

ne\,u.y.o.u.\,cuto ento%gs.odes\ribe&uﬁ D%Ao-ﬁeeq———o3

P YWhe2e30-DI(#2-por ¢ di aneter g = sulface tersion

( cprrstant) —contact—angie(congtan Pa—Presstt
02-030-04(#2.5) ©0:03% ) 00074
02-019-136(43-1) 0.041 1.3 0.0073
02-019-115(#3-2) 0.039 2.2 0.0078
02-019-170(44) 0.067 3.8 - 0.0125
02-019-133A(¥3-3) 0.513 12.7 0.0277
02-019-64 (#3-4) 0.030 0.5 0.0060
02-019-10(#3-5) 0.060 1.30 0.0090
02-001-196(#3-6) 0.060 2.70 0.0100
02-019-24(#3-7) 0.180 6.70 - 0.0170

FIG. 1 shows the effect of ammonium sulfate on the in vitro initial release.

~ The data indicate that in vitro initial release is correlated to the microparticle pore

10 diameter. Formulations made with ammonium sulfate showed varying levels of in
vitro release and variable porosity unlike the formulations without ammonium

sulfate which exhibited consistent porosity and release. During the manufacturing

of microparticles the presence of ammonium sulfate in the aqueous phase can salt-



Therefore, the size of the pore into which nercury

W ll intrude is inversely proportional to the applied
wEe@ssunes Assuming that all pores are tight cedT/o8®08911547

the average pore diameter (D=4V/ A) can be cal cul ated

by dividing pore volume (V=pD2h/4) by the pore area

(A=pDh). RESI DUAL SOLVENTS A single nethod was used
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10 or midreyairtine fivrraulaﬂlcme psptred ositda silicoha bileo-inethiBh&cHloridalrhtio
POROEY AR TR 224 L P ROl (S BT HGE! FGY e
mer samreyfoinmilationis pmpqcred mmgmﬁﬁqpnattdmbﬂhgleﬁ@émmicatrﬁd: of 1.5:1
ave e pore.d .S .ar n TABLE 2. .The
o T RRENERS 2 e Aot e 3 6. 2 Siebeh Bk eheE o pf
in Mlléd’ne oflab-aras 1dns chlbfiddresults il Sowdr pordlitl whidhlrésultd in a lower
effect of ammonium sulfate on the in vitro

1?nl Pﬁ‘téf’l ¥fease. The data indicate that in vitro.
initial release is correlated to the microparticle

DBy IR EN o5 ot T ot ol cane and var oo o
por osi t yCiyBdnkeSEM @ndlpidwisabhdudted bk HdekbedABHRYnUiBrmulations
~ ofthe Types 2, 3 and 5 of Table 1. FIGS. 3A-3B are scans of mlcrographs for

20 - selected formulations of Typé 2 (Formulation 2-2, FIG. 3A) and of Type 5 (5%
exendin-4, 2% sucrose, FIG. 3B). FIGS. 4A-D are scans of micrographs.for
Formulations 3-4, 3-5, 3-6 and 3-7, respectively of Table 1. Again the variation in
porosity exhibited with the use of ammonium sulfate which can contribute to the
variability in initial release, can be seen in the cryogenic SEM cross sections of

25 = FIGS.4A-D.

RESIDUAL SOLVENT LEVELS
| The level of residual solvents in a given formulation can impact the Tg of the
formulation. Residual solvent levels were determined for microparticle formulations
30 of Types 2 and 5 of Table 1. A single method was used for quantitation of heptane,
~ ethanol and methylene chloride. The equipment consisted of an HP 5890 Series 2
gas chromatograph with an Rtx 1301, 30 m x 0.53 mm column. About 130 mg



sul fate which exhibited consistent porosity and
rel ease. During the manufacturing of mcroparticles
wo bespreasence of anmoni um sul fate in the agueoRSI/pRASE011547
can saltout the drug substanc?7guring t he preparation
of the inner-emulsion. The differences in the
m cro-environment of the precipitates can contribute
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in the initial release. The effect was not observed in
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the porosity of the mcroparticles forned. Briefly,
m c PREBARATIQN OFr MIT RO AREICLES btk €N G 3YorigK ENIBIN-# AdNTR2%
0|Isbe 6§Ehylene chloride ratio of 1:1 (Forrmul ations
g 5 of Table 1) have a higher initial rel ease
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oil-to- F chloride results in a | ower porosity
whlgﬁmFgE%‘¥@ SRV bwer initial rel ease. CRYOGEN C
SEM Cryogenlc SEM anaIyS|s was conduct ed as descri bed
{ , 3 and 5 of Table
F 3 rgfaphs for sel ect ed
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variation in porosity exhibited with the use of
RSP YAIE G IR Slsiens of SIerAs phasepd soleent phase were
20ar fRkd by YtHePsonRhfidrds déﬁklﬁﬁﬁﬁov&ﬁp tH38 08 gLRaledr t he

cryogeni c. SEM cross sections of FIGS. 4A-D. RESI DUAL
soLhengeepigatgngsing an MT5000 homogenizer with a 36/4 generator (Kinematica

AG, Switzerland) at either a low speed (10,800 rpm) or high speed (21,300 rpm).
Following inner emulsion formation by the different techniques, the emulsions were
held in the reactor with gentle agitation with an overhead stirrer for 5, 15 or 60

25  minutes prior to an aliquot being removed. Following the designated hold times, the
inner emulsion was further processed as described above into microparticles and

then the 24 hour in vitro release determined for each batch as described below.

Inner emulsion droplet size characterization can be determined using the

30 - Horiba particle size analyzer .

An aliquot of the inner emulsibn was withdrawn from the reactor using a

glass pipet. Using a transfer pipet, ~30 drops of the inner emulsion was added to
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The 1nitial release of exendin-4 was determined by measuring the

concentration of exendin-4 after 1 hour in release buffer (10 mM HEPES, 100 mM
NaCl, pH 7.4). .
150+ 5 mg of microspheres were placed in 5.0 mL of 10mM HEPES, 100mM NaCl,
25 pH 7.4 buffer at room temperature, vortexed for about 30 seconds to suspend the
solution and then placed in a 37 °C air chamber for 1 hour. After 1 hour, the samples
were removed from the chamber and inverted several times to mix, followed by
centrifuging at 3500 rpm for 10 minutes. The supernatant was removed and
_analyzed immediately by HPLC using the following conditions: Column:
30 . TSK-GEL®, 7.8 mmx30cm,5 m (TSOH BIOSEP PART #08540); Column Oven
Temperature: Ambient; Autosarhpler Temperature: 6 °C; Flow Rate: 0.8 mL/minute;

Detection: 280 nm; Injection Volume: 10 L; Mobile Phase: 35% Acetonitrile/65%



m nutes prior to an aliquot being renoved. Foll ow ng
the designated hold tinmes, the inner emulsion was

wo osher2pr ocessed as descri bed above into PCT/US2004/011547
m croparticles and then the 24y hour in vitro rel ease
determ ned for each batch as descri bed bel ow. Inner
enul sion dropl et 'size characterization can be

det avatérmedh 018k TgALIRE (V9); IRka Tﬁ}ﬂé tAﬁbkﬁmﬁé{té@ 20 ah L Exéitlin-4
al i {l.l]gt of thelnner enul si was withdrawn fromthe

r eabt'brigsibRiAnge g oee i qse&aredugﬁﬂ@héf\@?taﬁs&uéﬁer pHfet, was

~30,&4Qps s@hdakdre 1 nner emul si on was added to-10 m of
6% Medi sorb(r) 50:50 4A PLG polyner solution in a 20
cc screwcap scintillation vial foll owed by m xing.

Jhe Affividg s AoniEs ) 50: 50 4A PLG pol yner sol ution al so
served as the reference blank solution. About 9 m of

thi s di | &Y ebereaeakiietn (Ranpidies dessribaddgrein wers cerdugigd inadglt
a CLRRKpIHIuEIDa Ry B8 we Hﬂ?% glifGtely MNoesygr was placed

on the sanple hol der t p ent rapi d evaporation of
t he pol yiRsPKsdhpipgtatizativh ef the syirieractickafophelatiens, aach #riimal

t he, ucthe B596
e e@a@m g{gléﬁ qécgﬁéglgjggﬁa iomz;}?g;a éeslrgq defdn fludd {é/

0.90% p alve re rac
19 nde@(b%meﬂw@ewﬂos@, @A%NaOE0. W&é“ wsel 2D tetie |1mert-5hepular region.

2 COLAEE IR SATRL PR L IS TRESHLAR By

dr op¢leme of ¢85 mTh @l@tmitsampbs wedeabllqagpdtvrraelaprabtadssm at 0.5, 2 4 6,

par ?(g%l%g&rs 6}%&9 8%)?’??1’ ﬁ(?jth ll\'?e?ild 2{1 ﬁcL%?da S ﬁ? r&os ﬁ%éi samples

r eswlelteumgleﬂldtebm]aced in Mi[(tR@TAmma%bwsmudammg(EMA and

ar ar i.n Fi e 9. M HER
1B BB A R RO oS S i BRp o e e
c hatoIGROZRINBH t thbdsespoataditivel inddstsreNdtenioC undl fih€ bfassay.
si ze, residual solvents initial in vitro rel ease, and
Pk FHMA s dsqddp determine plagma exppdigoqusentsiionsact ed t o
obtain a prelinmnary assessnent of exendin-4 purity

post - encapsulatlon in selected batches. IN VITRO

| NITY X{VQREEEASEARMA i ti al rel ease of exendin-4 was

2glet er m npgd r@éfh&ﬁ%ﬁwahﬂ@mtgt&eﬁmm ﬁ'lgﬁlisﬂ{a' ioRspbwexendi n- 4
after 1 hour in releasé buf HEPES, 100 nM
immunoassay, with the analyte captured by a solld phase monoclonal antibody
EXE4:2-8.4 and detected by the radioiodinated monoclonal antibody GLP-1:3-3.
Counts bound are quantitated from a standard calibration curve. This assay is
specific for full length or intact exendin-4 and does not detect exendin-4 (3-39). A
25 - typical standard curve range is 30 pg/mL to 2000 pg/mL depending on the age of the

tracer antibody.

IN VITRO AND IN VIVO RELEASE .
Formulations 2, 2-1 and 2-2 (3% exendin-4 and 2% sucrose) were tested for
30 initial release in vitro as describéd above. The iﬁ vitro release was 0.4%, 0.4% and
0.5%, respectively. All three batches also had a relatively low in vivo initial release

in the range of 1154 to 1555 pg/mL for Cpax 0-1 day. FIG.61is a representative



NaCl, pH 7.4). 150 5 ng of mcrospheres were placed in
5.0 nL of 10rM HEPES, 100nM NaCl, pH 7.4 buffer at

wo oosiieeper at ure, vortexed for about 30 seconeiST/US2004/011547
suspend the solution and then,placed in a 37 0C air
chamber for 1 hour. After 1 hour, the sanples were
renmoved fromthe chanber and |nverted several tinmes to

m Xphaﬁﬁﬁdoﬁ%ﬁk Ri¥veCBthE EérHﬁlaﬂGnsq{av;ﬁé@% Jx@ﬁﬁlfl-qrané@% sucrose
m nutes. The sugnér nat a was removed and anal yzed

i meldr a\taé‘ll sqfpr Le@erwsn ﬂ@'oﬂh@)ﬁ'@ﬂ Perkendinchend % @gimonium
Col ymie AKs %B o% El)leonz of-t6HethyRie EMbriR d.f‘l(STISQa_& RbHRidRne
PART #08540 Oven Tenperat ure: | en
Aut WSeOsibY efrt fwlﬁpéfs atl wae35@GespC;  Fl ow Rat e:

/ m nut .
51l\/16b| |l e Plﬁgrggq ég%f%b%{:‘%et %%lptth ri e{/rog%%dng ?Ot\&hﬁmﬁgl%%émum
TFAsulfatecaxhibis avgwer Ruitial Telpase. Athougk thedomiujatipg havingi¢xssdin-4
Exe . Ie j

0" PR 2 Syiclod i RE QB8 mol ool BR MonBLARRITEH i wes
ANl dgareaSTigDcEBpated to plhfaﬁom@atianrlet/mg therkgndét-¢ dfi @mbination with
des r | .

Spr 3¢ 31 Sll?&%a %ﬁg ll(ﬂhtpﬁ of S&%E g‘Hﬁé %%#lg&&%%%&f%@t&n of the
I(Forag%Kt char act eri zation of t he m cr opart icle

formul at4,0ns, . each_ani c ubc

o et olear vird B IR r RE RS TrmRu O B (R, cpppored

c ar aoxy, raed :*ihybvnmi FM} Gsall tﬁkﬁ@%téh@bxhllﬁiteﬂi%ra]m\&ty [89)initial

t oot nRRaRYY ek B Bt sefi s bl Fro Bt 17 4183w

vol foltewed b)Oell difstaimed reBéa@@dveS almmt %/ s ) da)Cl;’;zﬁ |"l;mtl@d initia aelease
t 4 r n

éa grdt l?e h%lﬁe OthEe re!f’?se pZ‘iﬁe Q/gre‘,masmzt@lt i‘%{)}'% tﬁﬁ’g (l’J’H’E’Laé'g“S

Bl ood sanples were immedi ately placed i n M CROTAI NER

L5 OB SRR AT R R o STL oG, 20 b B L

traggieripe t o M CROTAI NER (r) tubes vvlthout addltlve
and stored at -7Q0 OC until_tine

used t o PEPBiRfienie-DPAand 2&%%?&}“&6&%@&5%4 ‘bﬁ’s/" sumse)
20/1 Viveretpkdparebrubifd/i 1 :1 ratio of silicone oil to methylene chloride. The initial

release was higher for these formulations than for formulations 2, 2-1 and 2-2 of

Table 1 (3% exendin-4, 2% sucrose with a 1.5:1 silicone to methylene chloride
ratio). Specifically the 1.5:1 ratio formulations provided an average initial release
about 0.4%, whereas the 1:1 ratib formulations provided an average initial release

25  about 1.0%. The same trend was observed in vivo with Chmax 0-1 day in rats was
2288 :tS20pg\/mL for a 1:1 ratio, whereas the Cpax 0-1 day in rats was 13004221
pg./mL for the 1.5:1 ratio.

INCREASED DRUG LOADING
30 Increasing the exendin-4 load to 4% while maintaining the sucrose at 2%
resulted in an initial release in vitro and in vivo in the same range as for the 3%

loading.
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decreases degradation of the agent. The in vivo

rel ease profile for the three fornulations 2, 2-1 and
2-2 conpared above, are shown in FIG 7. Al three

bat ches exhibited a relatively lowinitial rel ease
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the shape of the release profile were consistent for
the three fornmul ati ons.
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preferred enbodi nents thereof, it will be understood
20y 8hosertekuithifgl release composition of Claim 2, wherein the biologically

active polypeptide is a glucoregulatory peptide.

4, The sustained release composition of Claim 3, wherein the glucoregulatory
peptide is selected from GLP-1, GLP-2, exendin-3, exendin-4 or a

25 combination thereof.

5. The sustained release composition of Claim 4, wherein the pdlypeptide is
present from about 0.1% w/w to about 10% w/w of the total weight of the
sustained release composition.

30



in the art that various changes in formand details

may be made therein without departing fromthe scope
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20 .
11.  The sustained release composition of Claim 10, wherein the sugar is selected

from sucrose, mannitol and combinations thereof.

12.  The sustained release composition of Claim 9, wherein the bibcompatible
25 polymer is selected from the group consisting of poly(lactides),
poly(glycolides), poly(lactide-co-glycolides), poly(lactic acid)s,
poly(glycolic acid)s, poly(lactic acid-co-glycolic acid)s, polycaprolactone,
polycarbonates, polyesteramides, polyanhydrides, poly(amino acids),
polyorthoesters, polycyanoacrylates, poly(p-dioxanone), poly(alkylene
30 oxalate)s, biodegradable polyurethanes, blends thereof and copolymers

thereof.
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20 18. A composition for the sustained release of biologically active polypeptide
consisting of: a biocompatible polymer, exendin-4 at about 3% w/w or more

and sucrose at about 2% w/w or more of the weight of the composition.

19.  The composition of Claim 18, wherein the biocompatible polymer is selected
25 from poly(lactides), poly(glycolides), poly(lactide-co-glycolides), poly(lactic
acid)s, poly(glycolic acid)s, poly(lactic acid-co-glycolic acid)s and blends
and copolymers thereof.

20. The composition of Claim 19, wherein the ratio of Cpax to Caye is about 3 or
30 less.



i nherent viscosity of between about 0.3 and 0.5 dL/g.

16. A conposition for the sustained rel ease of
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20 25, The method of Claim 24, wherein the sugar is present in the sustained release
composition at a concentration from about 0.01% w/w to about 10% w/w of

the total weight of the sustained release composition.

26.  The method of Claim 24, wherein the total pore volume of the composition is

25 about 0.1 mL/g or less as determined by mercury intrusion porosimetry.

27.  The method of Claim 26, wherein the exendin-4 is present in the sustained
release composition at a concentration of about 0.1% to about 10% of the

total weight of the composition.
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€) collecting the hardened microparticles; and

20 ) drying the hardened microparticles.

30.  The method of Claim 29, wherein the ratio of silicone oil to polymer solvent

is 1.5:1.

25 31.  The method of Claim 29, wherein the polymer is present in the oil phase at

about 10% w/v or less.

32.  The method of Claim 29, wherein the polymer is selected from the group
consisting of poly(lactides), poly(glycolides), poly(lactide-co-glycolides),
30 poly(lactic acid)s, poly(glycolic acid)s, poly(lactic acid-co-glycolic acid)s

and blends and copolymers thereof.



in an anount sufficient to achieve a silicone oil to
pol yner solvent ratio of fromabout 1:1 to about
wd2@®s410428 transferring the enbryoni c m cropare@mUS®04/011547
a quench solvent to harden the,mcroparticles; e)
col l ecting the hardened mcroparticles; and f) drying
the hardened m croparticles. 30. The nethod of C aim
3gher @h@mtmlnsd 518@159;1 &, w‘ﬁbrleln(‘tﬁé‘ﬁol?ﬁeglﬁé’is Qaéaféaeﬁom the group
solvent is 1.5: . The net hod aim 29, wherein
t he pol yﬁfmswtl%g <|zfr eét@ngonb glueagan-gke P?ﬂﬁld@ee@ﬂdlab @eenistHok
w v or
pol ymer  Focisar fke BARGCIIRRAR el hette ARl
pol y( | ac@nt@eglys cﬁgkny?@lrwbpkln@g)acrophage activating factors
gol y(l ac
poI y(gl ygn'(t) Iﬁé&gcaggggﬁ%%nkﬁjrf ﬁ)(?or’ﬁgér}é&éa %I‘Eté} %oﬁﬁ* §{ rf?lflatmg factors,
aci d) s amdulpi, errzdmeammrcspmrms éalqddex@ghs,zalncl&’htenulatlng
met hod of‘n rgiloﬁé {Eh h hX\‘Pn%BS 'a@rek&?xrt’i)c% rXE @ R&ln%%e, and luteinizing
sel ected Trom'the group consi s . gl'ucagon
gl ucagonhdririoge feigpsingleamons N, tEﬁF ga;trhi, &R$, défenrinjcagon
i ke pep ac lve |nte tlna
| rmunog! SRt 0 Aelnt aneBhE S AN anB Sl fion wariopisand
lﬂacrophagmnammmmauyagxpthsﬂsxmrmﬁerferons
eryt hropoi etin, tunor necrosis factor, colony
stimulating factors, insulin, enzynes, tunor
suppressors, blood proteins, follicle stinulating
hor nrone, growth hornone, adrenocorticotropic hornone,
and | uteinizing hornone rel easi ng hornone, NG, EGF,
gastrin, GRH, defensin, enkephalins, and mnuteins,
anal ogs, deletion and substitution variants and
pharmaceutically acceptable salts thereof.



