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15 large burst release following injection, which causes an undesirable in vivo release of active
pharmaceutical ingredient in a single burst. When medications have toxic or deleterious side
effects, this is undesirable.
There is a need for formulations and methods of safely administering sustained release
pharmaceutical formulations to patients so that the active ingredient will be released in vivo over
20  an extended period of time and without an unacceptable initial burst release. Ideally the active
ingredient is released so as to maintain levels within the therapeutic window, i.¢., in the
concentration range above that needed to cause the desired clinical effect, but below that where
undesirable side effects outweigh the benefits of the drug. It is also necessary that this active
pharmaceutical ingredient be provided in a manner that is easy and convenient for the patient to

25  self-administer and that is provided in a formulation that maintains stability for a long period of

time in a liquid state. The disclosure is directed to these as well as other important ends.

Summary
The disclosure provides formulations comprising microspheres that contain active
pharmaceutical ingredients, where the microspheres are suspended in a non-aqueous

30  pharmaceutically acceptable carrier. The formulations are one-component injectable
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20  maximum serum concentration of exenatide during the period of release (Cpax) to average serum
concentration of exenatide during the period of release (Caye) of about 3 or less. Further,
although the microspheres are formulated in oil (i.e. a carrier as disclosed herein), the
microspheres do not necessarily have oil contained within the interior spaces or pores, or within
a substantial number of interior spaces or pores, of the microspheres, and yet can achieve the

25  surprising properties disclosed herein.

The disclosure provides sustained release formulations comprising a pharmaceutically
acceptable non-aqueous carrier and microspheres which comprise a biocompatible,
biodegradable polymer and an active pharmaceutical ingredient. In one embodiment, the total
pore volume of the microspheres is about 0.1 mL/g or less, as determined using mercury

30  intrusion porosimetry, to provide a release profile having a ratio of maximum serum

concentration of the active pharmaceutical ingredient during the period of release (Cyax) to
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20  contains a container having a formulation of the invention, and instructions for use. In one
embodiment the container is a pen injector. The pen injector can be a single-dose pen injector or
a multi-dose pen injector. In one embodiment the container is a vial, which can be either a
single-dose vial or a multi-dose vial. In another embodiment the container is a cartridge, such as
a cartridge for use in a injection apparatus. The cartridge can be either a single-dose or a multi-

25  dose cartridge. In different embodiments the kit contains 1, 2, 3, 4, or even 5 or more such
containers carrying a formulation of the invention. One further advantage of the formulations is
that in one embodiment the container is provided preservative free. But in other embodiments a

preservative can be soluble in the selected carrier and provided in the formulation.



containers carrying a fornulation of the invention. One further advantage
of the formulations is that in one enbodi nent the container is provided
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stored at %x;add iRierafegnmainativioridase pilodileie r@tis 02&Q 0 hours for a formulation
comprising microspheres in an oil carrier and a formulation comprising microspheres in an
aqueous carrier.
Figures 5A and B illustrate the purity of exenatide over 9 months at temperatures of 5°C
20  and 6 months at 25°C when stored in the formulations comprising the microspheres of Example
1 with an oil carrier as compared to the purity of exenatide that was stored in dry microspheres of
Example 1. In Figure 5A, the purity of exenatide was determined by strong cation exchange
HPLC. In Figure 5B, the purity of exenatide was determined by reverse-phase HPLC.
Figure 6 illustrates the stability/potency of exenatide in a formulation where the
25  microspheres are suspended in an oil carrier, where one formulation is stored at 5°C and one

formulation is stored at 25°C.

Detailed Description
The disclosure provides sustained release compositions provided in pharmaceutically
30  acceptable carriers, for the sustained release of an active pharmaceutical ingredient (API). The

formulations may comprise microspheres comprised of a biocompatible, biodegradable polymer



Det ai | ed Description The disclosure provides sustained rel ease conpositions
provi ded in pharnmaceutically acceptable carriers, for the sustained rel ease
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m crospheres conpri sed of a bioconpatible, biodegradable polynerhaving an
active pharmaceutical ingredient dispersed therein, where the m crospheres
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venom of t H&CEFMs “HisAsrEor “teamepirgeise it thEagdministatign of one or more active

pharmaceutical ingredients to a patient who has a condition or disorder or a predisposition
toward a condition or disorder, with the purpose to alleviate, relieve, remedy, ameliorate,
20  improve, slow or stop the progression or worsening of the disease, or at least one symptom of the
disease, condition or disorder, or the predisposition toward the condition or disorder.
“Exenatide” has the same meaning and amino acid sequence as exendin-4. More
particularly, exenatide is a synthetic peptide with the same amino acid sequence as exendin-4,

which is a peptide isolated from the venom of the Gila monster.

25  One Component Formulation
Previous injectable formulations contained at least two components. The first component
may be dry microspheres and the second component may be an aqueous pharmaceutically
acceptable carrier. The first component and second component are stored in separate sealed
containers (e.g., vials, injection pen chambers). The patient receives the two-component
30  formulation, and the patient or pharmacist must physically mix the two components together

prior to injection. In the case of an injection pen, the two components are mixed together
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or multi-use), and the like.

Carrier

20 “Carrier” (or vehicle) refers to a pharmaceutically acceptable non-aqueous liquid
material. The carrier is substantially inert so that it does not interact with the microspheres
described herein and is non-toxic so that it does not negatively impact the patient. The carrier is
preferably approved by or is awaiting approval by a regulatory agency of the Federal or a state
government or listed in the U.S. Pharmacopoeia or other generally recognized pharmacopoeia for

25  use in mammals, such as humans. The term “carrier” may include one or more compounds. The
carrier is a non-solubilizing carrier, in that the carrier does not solubilize the polymer(s) that
forms the microspheres. In a further embodiment, the carrier does not solubilize the active
pharmaceutical ingredient(s) within the microspheres. For example, the carrier will not
solubilize exenatide or other water-soluble therapeutic peptides or proteins.

30 The term “non-aqueous” does not exclude trace amounts of residual water that do not

have a demonstrated negative impact on the stability of the sustained release compositions.
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oil, fffaaﬁbmabﬂftﬂblfsd Exlempiedy phzirmatﬁafchilp aakcpdblcaiesesds dicludeffraatbnanstat ed corn
0|2|0 coconut oil, fractionated palm oil, fractionated palm kernel oil, fractionated sesame oil,
fractionated soybean oil, fractionated almond oil, fractionated rapeseed oil, fractionated corn oil,
fractionated sunflower oil, fractionated peanut oil, fractionated olive oil, fractionated castor oil,
fractionated soybean oil, fractionated safflower oil, fractionated cottonseed oil, and the like. In
onc embodiment, the carrier is fractionated coconut oil. In one embodiment, the carrier is
25  fractionated palm kernel oil. In one embodiment, the carrier is a combination of fractionated
coconut oil and fractionated palm kernel oil.
As used herein, fractionation is a process whereby long chain fatty acids are removed
from the oil, such that the resulting fractionated oil substantially comprises medium chain
triglycerides. The skilled artisan will appreciate that some long-chain fatty acids may remain in

30 the fractionated oil, but generally in amounts less than 5 wt% or less than 2 wt% of the total fatty

acid content of the fractionated oil.
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arc represented by the co Hs1): wherein each x is

i ndependently 4, 6, 8, H€" 10. n xis 4, the chainis referred to as a C
fatty acid. When x is 6, |the chglin is referred to as a C fatty acid. Wen x
is 8 the chainis referggd tg as a '@Htaéﬁ% acid. Wen x is 10, the chain
is referred to as a Cl12 fatty a gflo s enbodi nents, each x is the
same integer; two x are {he sane nteger and one x is a different integer;
or each x is a differefkC ~NQt eger.gln various enbodinment, the medi um chain
triglyceride conprises este of (i) dhnheeyC fatty aC|ds (ii) three C10
fatty acids; (iii) two C fatty ds aﬁa “one C10 fatty aC|d (iv) two C10
fatty acids and one C fatty aci¢f; (v) two C fatty acids and one C fatty
acid; (vi) two Cl0 fatty acids and one C fatty acid;a§vii) one Cg fatty
acid, one Cl10 fatty acid, and one C fatty acid; or (viii) any other
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as a Cy fatty acid. When x is 10, the chain is referred to as a Cy; fatty acid. In various
embodiments, each x is the same integer; two x are the same integer and one x is a different
integer; or each x is a different integer.

15 In various embodiment, the medium chain triglyceride comprises esters of (i) three Csg
fatty acids; (ii) three Cyo fatty acids; (iii) two Cg fatty acids and one C) fatty acid; (iv) two Cyo
fatty acids and one Cg fatty acid; (v) two Cg fatty acids and one Cs fatty acid; (vi) two Cy fatty
acids and one C; fatty acid; (vii) one Cs fatty acid, one Cyq fatty acid, and one Cg fatty acid; or
(viil) any other combination of Cs, Cs, Cio, and Cy; fatty acids. In one embodiment, the medium

20  chain triglyceride comprises two Cg fatty acids and one Cy fatty acid. In one embodiment, the
medium chain triglyceride comprises two Cy fatty acids and one Cs fatty acid.

The skilled artisan will appreciate that a mixture of medium chain triglycerides may
result from any process (e.g., fractionation, hydrogenation) used to prepare medium chain
triglycerides. For example, substantially all of the medium chain triglycerides obtained from

25  fractionated coconut oil may comprise Cs and/or Cyq fatty acids; however, there may be some
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second medium chain triglyceride comprises esters of one Cs fatty acid and two C, fatty acids.

20  In one embodiment, the carrier comprises a medium chain triglyceride which comprises 0 to 2
wt% Cs fatty acid, 50 to 65 wt% Cs fatty acid, 30 to 45 wt% C) fatty acid, 0 to 2 wt% C,, fatty
acid, based on the total fatty acid content of the medium chain triglyceride.

The triglycerides may be prepared by methods known in the art and are commercially
available as MIGLYOL® 810, 812, 818, 829 (Sasol Germany GmbH, Witten, Germany) or

25 NEOBEE® 1053, 895, M-5 (Stepan Company, Northfield, IL).

In another embodiment the carrier is a propylene glycol diester of saturated vegetable
fatty acids with chain lengths of Cs and C, (caprylic and capric acid). An example of one such
commercially available carrier is MIGLYOL® 840 (Sasol Germany GmbH, Witten, Germany).
The pharmaceutically acceptable, non-aqueous carrier may optionally comprise other

30 pharmaceutically acceptable excipients. Exemplary excipients include sugars (e.g., sucrose,

glucose, dextrose, galactose, maltose, trehalose, fructose, maltodextrin); sugar alcohols (e.g.,
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present in thé non-aqueous, nhon-s I'Tzing car
5 ¢P t0 200 cP or from 10 cP to 90 c¢P. In other embodiments the viscosity of the non-aqueous,

20  non-solubilizing carrier is from 20 cP to 80 cP or from 30 cP to 70 cP. Thus, with reference to
this disclosure the person of ordinary skill will be able to identify other oils, triglycerides, or

non-aqueous compounds that also can be present in the non-aqueous, non-solubilizing carrier.

Microspheres
The term “microspheres” includes microspheres, microparticles, nanoparticles, pellets,

25  cylinders, rods, discs, and the like. A microsphere can have a spherical, non-spherical or

irregular shape. The microsphere will be of a size suitable for injection. A typical size range for

microspheres is 1000 microns or less. In a particular embodiment, the microsphere ranges from

about one to about 180 microns in diameter. In yet further embodiments suitable release

profiles are obtained when microspheres range from about 1 to 100 microns, from about 30 to 90
30  microns, or from about 50 to 70 microns. In one embodiment the mean microsphere size is not

less than or is equal to about 50, 60 or 70 microns, and preferably less than about 80, 90, or 100
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the disclosures of which are incorporated by reference herein.
In a further embodiment, the microspheres have a less porous outer layer, and further can
20 have a non-porous outer layer. Accordingly, in the formulations disclosed herein the oil does not
have access to the interior spaces or pores or even to a substantial portion of the interior spaces
or pores. It is specifically, contemplated that for each of the formulations disclosed herein the
microspheres can additionally lack oil (or a carrier as disclosed herein) in the interior spaces of
the microspheres. Thus, the advantages of the present formulations can be achieved without the

25  presence of oil in the interior spaces of the microspheres when formulated.

Polymers
The microspheres comprise biocompatible, biodegradable polymers. A polymer is
biocompatible if the polymer and any degradation products of the polymer are non-toxic to the
patient at administered levels and also possess no demonstrated deleterious or untoward effects
30  on the patient's body, for example a substantial immunological reaction at the injection site.

Biodegradable means the polymer will degrade or erode in vivo to form smaller units or
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pol yestagtantaelss bipedmygnidvyd biodegradfiné palyinees @aibdsictepalngd by hqredoaros,

pol ycyanoacry| at es, pol y(p-di oxanone), polyal kyl ene oxal at es, bi odegradabl e
pol yurcEtiRayekill g theofs takieritor corpiderbpd factas? @J@Wéﬁlg‘o@eﬁl%e@wabg%r %eem ar

g ght gef sfg?@rﬁg%%ﬁ :a?hf%ch(ﬁii&‘flgt%n%grﬁ%&’ gfb%#%ﬁ?rhﬁtr?%ﬁd PRe gﬁalgmt%d by

a person o In the art ing into consfderation factors
such ad pblymededipiedlypeh yoeptat bgaagtatfi roolccidbeyeciphtyis € aboup 2 Hpe raltess wuch as

hanij cal heni st te of di ] f
o y oty B Gibtons " Lo bbbt butaf il S iy < Ranpe 1Sar taseshe
2, 000 yBah tRPolfRerdP@HEre Rt &%sﬁ?ﬁOs@ealblémﬁerﬁahgsol%i@ie@am%b&l@06 i oglgpradabl e

pol ymer can also be sel ected based upon the polyner's inherent viscosity.
Sui t alsbeuti Gxhter AtdLig; ot alaut Destodredlalgout 0.06 to 1.0 dL/g; about 0.2 to 0.6

dLLg; or ahout O. .0 0. L/ g. ln. one. enmbodinent. the bi tible,
bitddeqr adant 8 pgrbadifert e et def Ho T gH TR e Rads ePatirs
r ef er re@gbolife)a®pofhioA(lsd@¥dritd té ab SRLGAR) RHvWi0d ladedd: @?rtcﬂidfeerﬂiB #8m31®:300t0
30: 70, or from60:40 to 40: 60 or_ about 50:50. The nol ecul ar weji ght of the
pol y( 138et% arelrem iy dipitde arapentyibet0. i Eheapelgeulanyoely abdhe prix(lacsidatseut 90, 000
Dal t O%?ycoliae)ac%ggl@ﬁ{er ?srg%%gf 16?660 Daltons to about 90,000 Daltons. In another embodiment,
the molecular weight of the poly(lactide-co-glycolide) copolymer is about 30,000 Daltons to
20  about 70,000, or from about 50,000 to about 60,000 Daltons.

The formulation may contain microspheres at a concentration of from 1 mg/ml to 500

mg/ml; from 25 mg/ml to 300 mg/ml; or from 50 mg/ml to 200 mg/ml.

Active Pharmaceutical Ingredient
An active pharmaceutical ingredient is a biologically active compound that has a
25  therapeutic, prophylactic, or other beneficial pharmacological and/or physiological effect on the
patient. The active pharmaceutical ingredient can also be a mixture of two or more compounds.
The term “peptide” refers to any compound having two or more consecutive amino acids. As
used herein, the term “peptide” is synonymous with peptide, polypeptide, and protein. In one
embodiment, the peptide has a molecular weight of from 500 Da to 100 kDa; from 1 kDa to 80
30 kDa; from 1 kDa to 50 kDa; from 1 kDa to 30 kDa; or from 1 kDa to 20 kDa. In one

embodiment, the peptide comprises 2 to 500 amino acid residues; 2 to 250 amino acid residues; 5
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t he nol ecul ar wei ght of the poly(lactide-co-glycolide) copolyner is about
30, 000 Daltons to about 70,000, or from about 50,000 to about 60, 000

Dal t ons. Wbeofoarsgas7at i on may contain nmicrospheres at a ©OMASA0ASGH068 Of
fromlng/m to 500 ng/m; from25 ng/mM to 300 ng/m; or from50 ng/m to
200 mg/ M . Active Pharmaceutical Ingredient An active pharnmaceuti cal
ingredient is a biologically active conpound that has a therapeutic,

prophyl ic, or.other ben ficlal.phar | ogi cal and/ or physi ol ogi cal
ef f ect!© gﬁé f‘lﬂglor%ffqo ueSTHE g‘# FaIeHAt él U5 cal ingredient can also be a

m xture of 1f¥Re %b@@ﬁﬁn@%@&ﬁﬂgﬁharﬂage&i%ﬁl% RERM 48 GIEf 8E&pid a@HMstCOompound
havi ng two or nore consecutive am no acids. As used herein, theterm

" pept icdatboingd, syehoasyamsursndint dn qxepdin dealopdbyPdpi-Bde a Celrﬂil(ﬂrb%)@nmlog,l anddhe

enmbodi nen |dehsarmecu ar. we t of frqm 500

oo RN ExghBB-PERP! {Raiia: iRl STl stindibd SR8 g - 1o
1kBa tGL}?-@(#m-NHp GJIEI@—IGWIB&dG{EPDIU %btw}pzenbmld%xmm E&8",Phd’0eR@irai no
aci d residues; amno acid resi to 100 am no aci d re3|14dues

or 5 tcacBin-4mk %%) &ém %i'e?(@lﬁll@fﬂ@szg)b helanh%rrﬁmdm%ﬂ(l -2 hexcadmr4(é-30), Leu

Oanark R A PR PRRER st 0. LAGRRNE o PIRCL Ao GBI ANC e PHERL D 2

li ke. IE(Eairaﬂltaﬂq' 7(,]517 SSSrETSeHatant Nagmmvzmﬁﬁ)mtaﬂsl\m e300 sexendion- 3,
exenati de, 37), GP-1(7-37)-NH 2, @P- 1(7-36), GP-I (7-36)-NH2,
Leu14-28044 él?%léltheLdéi?i%uTﬁﬁ &% thé%aﬁ?j monporaé%%mﬁ bZY(fF‘ fepgpee.

Lggl4-exen @tﬂer%ebflg@knoﬁqﬁ e a{}?gagil ‘t%xt%?{lj hsnt‘h)% Gk 1V25813ha ggbaﬂ "él?%&%i%g)in teEU14-

exendi n-4( 1 -30), Leul4d, Phe25-exen | rag

c onpo dowohsul gtess rdeheﬂbed h¢rem ExenlgrPatendes Nocludz, ah@lxﬁ%yliM&@aﬁe(ﬁ g.No.
7,220, 72 Pat ent 7,223, 7 and WD.2007/139941, the di u s of
e o PR R e R Ui B I TS Gt ety T i or
can bean%g&luﬁ%nmgs &%%M%W&@éﬂvnggb& orlif¢) rgﬁ@agcm aﬂtggotnts@s bepiad @trhaas

descri bed herein. enpl a pepti1 des include a | in agonists (e.g.,
pr am iohGlde] refaptal agqm&ﬂean uczdgou ag@tl1$tntpeﬁ@§e chu@lptau of hun@ptanwhagmd isglmon
tr.el ept st _anal ogs there

o easeRTaBr UL hepdrlalsii il RO Rt Pl mar G ish IR et or

agonl %tcﬁl‘tﬁﬂdblghlﬁﬁ&ﬁoébtﬁﬂélﬁd gtsmoReRinl, BEfuGHtide daptEibaiueBFHRMY, GHRNG, sal non
calcitonin, insulin, heparin, |ow nolecular weight heparin, angi ot ensi n,

ar gi preesadoveling JeyipFabidenlasipes e8] BalanotaR.EPTiide; astreetides ex¥p¢in, P ropr essi n,
enf uv'cﬁfcitgﬁn, &%Bfeilg?stolngﬁosta%%rl%pre%?hﬁnopentm, thymosin al, triptorelin,

vapreotide, elcatonin, ziconotide, ghrelin, nafarelin, BNP-32, and the like.

20 The active pharmaceutical ingredient can also be a small molecule. A “small molecule”
is an organic molecule. Exemplary small molecules include metformin, sulfonylureas, TZDs,
statins (e.g., atorvastatin, cerivastatin, fluvastatin, Lovastatin. mevastatin, pitavastatin,
pravastatin, rosuvastatin, simvastatin); non-selective beta blockers and/or alpha-1 blockers (e.g.,
carvedilol, dilatrend, eucardic, carloc); PDE3 inhibitors (e.g., cilostazol); antiplatelet drugs,

25  antithrombotic drugs, anticoagulant drugs, glycoprotein IIb/Illa inhibitors (e.g., abciximab,
eptifibatide, tirofiban); antibacterial drugs (e.g., ciprofloxacin, norfloxacin, levofloxacin,
moxifloxacin, sparfloxacin, gemifloxacin, ecinofloxacin, delafloxacin); Factor Xa inhibitors
(e.g., glycosaminoglycans, oligosaccharides, heparinoid); direct Xa inhibitors (e.g., xabans);
direct thrombin (I1) inhibitors (e.g., hirudin, argatroban, dabigatran, melagatran, ximelagatran,

30  defibrotide, ramatroban, antithrombin III, protein C); thrombolytic drugs (e.g., plasminogen

activators, urokinase, streptokinase, serine endopiptidases); ACE inhibitors (e.g., lisinopril,
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gonadorelin, |euprolide, lysipressin, nelanotan, nesiritide, octreotide,
oxytocin, PT141, calcitonin, sernorelin, somatostatin, terlipressin,
t hynopentwo,2otonesasgi n al, triptorelin, vapreotide, el caPcomius00ios@sdti de,
ghrelin, nafarelin, BNP-32, and the |ike. The active pharnmaceuti cal
ingredient can also be a small nolecule. A "small nolecule” is an organic
nol ecul e. Exenplary snmall nol ecul es include netformn, sulfonylureas, TZDs,
statins e.g atorvastatin, cerivastatin, quvastatlg Lovastatln

[

mevas PAT I 20k ATRIEE SAVEFPNC NG E t SVERUM, Bl LU, PrexaniliPrgaat, Arecaptan);
non- se{se tdc¥pto %Q?l@irﬂ%ﬁ%f@geag‘ dd D%ld@é‘f@lh ﬁcloisldme?9J<a§ug<fe1()eprastag1§§dlﬁ aRilbg -

dilatrend, eucardic, carloc i nhibitors Ci'lostazol);

ant i pl(agebetapstgsstaantlin, Hoprebotricproghinihsantantduang(d antoudraigs, gl ycoprot ein
[1b/11] i batid

ant 1 baeeep eyl Bt o ey B ol e e s P R LS

noxi f l@xRehdond paéﬁlh@as@@ Inaclogfamﬂ | do86dsc. g€ Gy BRich @X@Biafidc ﬂia@fdl@é@(‘d 4);
Factor Xa inhibitors ycosanlnoglycans ollgosaccharldes

hepar iPAGIAMyC ialéethrcxawwrdlﬁgmﬁscmeer@t hrorgydmrigyithramyeiat teHHYQIRBFIA (1 1)

i nhi bi i g a

1 DL s CLUSHEERN I B LRI o5
thronbm&yﬁﬂﬂeﬂawmﬁmﬂﬁﬁg N pl asm nogen activators, uroklnase streptokinase,

serine endopi ptijdase i nhi bitors nopril,aceon, acerti
arni x, cov ﬁ%l eéa%a%wﬂ eoRveatg that eeérrﬁwhahﬂﬁs Cisﬂsgkbgﬁ. hefeippmay gaptain two
Prgcapk ep ck; Q%Q)tr Jrg) grﬁ-]%nio’f&%\@st&ras onfbifhtion Of Rk AW &lulestah@! opi di ne,

prasugre rost’agl an |n anal ogs (e.g., eraprost prostacyclin, il oprost,
trepr qnspmdﬁsl Fpr axalmpd@a@mfoamubltl()e nQy, compus@twmdlfﬁemmnmmbfmioyégphches,ommas ol ,

et hyl bi scounacet henpr ocou war f arin, rindi on adlone
ohent 0 SHQ TRFGS st BT RRBAELS § b MR PG T A ggaphacs

macr olchA@m 4 &if@ront ?@ﬁtfd@ e gy %e&eleﬁhﬁ‘)r iTh RO BMEbdimedl, i th BHOIYCGhOmicrospheres
erythronycin, roxithromycrn, telithronycin); NSA Al Ds and COX-3 inhibitors

(e.g. compriecond aytlvepbfrm@owtmal lpglreémkarbi) 99 t@LM‘VphBﬁlannllcmelser@Semnprlse a

i The ,s rt| an W gciate that the

f aiee it ach Ul RateiEpatataRe! doRalh’ iR UttiodBREE O, fon o Srore
smal I nﬁﬁ@fo@ﬁ r&Sconfrisa oﬁ@aaiv@qﬂmﬁﬁhc@ut@nﬁigked@h esdes 30 opﬁ&tmﬁﬁ%ph&@g
exanpl e, e formul ation may conprise two different sets of m crospheres,

wher e comgriset diferent eetbetheraaccatienl Mgicdien. E@stskléléd peise WilhRROTEGI#E e fheand
om0t 1 Oy LGRS 10 ST ORRAE I B potns.
act i vef ghepopedeutThisformoktied hévintagnoushPaltawslitiglo pote ey papeidestp h;erceﬁlbmdpr i se
a 20  with low potency peptides for simultancous delivery to a patient because the low potency
peptides can be provided in more microspheres and the high potency peptides can be provided in
fewer microspheres in the same formulation. Exemplary combinations of peptides and/or small
molecules that can be administered in different sets of microspheres and in the same formulation
include: pramlintide and insulin; pramlintide and metreleptin; davalintide and metreleptin;
25  exenatide and metreleptin; lovastatin and niacin; atorvastatin and amlodipine; simvastatin and
ezetimibe; exenatide and metformin; and the like.
The formulations generally contain from about 0.01% (w/w) to about 50% (w/w) of the
active pharmaceutical ingredient (based on the total weight of the composition). For example,
the amount of active pharmaceutical ingredient can be from about 0.1% (w/w) to about 30%

30  (w/w) of the total weight of the composition. The amount of active pharmaceutical ingredient

will vary depending upon the desired effect, potency of the agent, the planned release levels, and
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different active pharnmaceutical ingredient. In another enbodinment 30 to 70%
of the m crospheres conprise one active pharmaceutical ingredient and 70 to
30% of t hworenowvmssher es conprise a different active phaPCRAS200056058
ingredient. The skilled artisan will appreciate that the percentage of each
type of peptide in the fornulation will be determ ned by the relative
potency of the peptides. This fornulation advantageously allows high

pot enc tides to b onbi pot enc des f r si mul.t aneous
Gl 1 vabs PR Serner BicTHBE RTLEC L o e BEL oL UL T RATESh Ber B0 ded 1 n
nor e m4hasRberRSnaB6ut0NR, Q{x/gfl}‘) BAbSRCHP GPM)df%% c&@hp1BEreth @V99d /v Nof ever
m crospheres in the sanme formul ati on. Exenplary conbi nati ons of pept| des

and/ orabeuted% (wov)ecufren 10htt 5% 4w/ ok ‘é’dmm thesicivepharmagivtitdriegriediset is ag§LP-
mcro pher s. and. on include: pramintide and insulin;
pran i'ntTH Ora%‘ﬁamﬁfeﬁ?ltﬁbgep‘ie e Pf&@‘gu {TiAt }’%Bbtﬁ‘r?ﬁd ePé'FeaﬁPV%pﬁaéQ‘é‘ﬁ%%t “fle and
nmesr eligpbdivat, fReashplkicRemifide Mk &5adBd aibotv2stvaty 8 aBHGt BAWOR RcREing at
simvastatin and ezetim be; exenatide and netform n; and the |ike. The

f or mul2ReWAYs Wywhebaut| o sévit Hont 4 oonnasbet S0 i\%e(hwpm%tVdWasb@hous@%w w) of
the active pharnmaceutical ingredient (based on the total weight of the
conposition). For exanple, the anobunt of active pharnaceutical ingredient
can beugaessm about 0.1% (W w) to about 30% (ww) of the total weight of the
conposition, The ampunt of active pharmaceutical ingredient will vary

dependi ng UPSHICKSPREERY MaYalss FURPTISCRICOREPoFUSaEE AU is % MENPIAEFHHEHC:
r ¢heasab@MEHS or a%ﬁb@chaﬂegorsao@éhv% < th wég?hsﬁgag @89&1& dem &Aacafanasé sed.

In certaln enpbodi , range o I ng et ween a out 0.1% (Ww to
about siibabl¢ deérwativEsort s«agmrﬁﬂmosacrcdmnidbsﬁ%l(lw Wit 4aro nablomtteddtt Elutode, froctofer om 1%

to 5% When .t he, ac ve i cal redi e i.s a P- r.ecept or
ont 208 oSt adCRRIE. 5 BREEET T MG bt & E B T e oty S

phar MReauy Whole@ﬂé@@ﬂ aeﬁbnosfaeéhaﬁ&@n@u@b%ﬁ%chﬂf‘des i llRag@hrahotaRRid 8% W w
to about 7% w w, including at about 2% w w , about 3% w w, about 4% w w,

about SBOAPHY, Tactasbend trebalegew, Su@tablabbmsam%awdw ingugerbait Teaofitited mqéatfégomy

0 CO 0 nor.e su u nosacch ride, sacchari de
o030 By e Mo Db R fuweh ity s ReSF A raI GF: mAh R
NONOS FRLARE, HAMo8E, SuGyid, dletR e dedhialodt,iryBEodd, aSatBade, glVboI0sigesbREHERS0], NCl ude,
but are not |imted t o, glucose fructose and mannose. A di sacchari de, as

f ur t hdhredel pighdolnapislnsorpisol aduleiirboidiiel. wemeH. mplsiiolnlaetitel. yasnaitgh sylisl, oya
ImiD'm.etcgh&[%bn%hoﬁ‘oﬁ&%oéﬁﬁé}ﬁé%&ggf 18he BRbEditHRAGENALLAE SudBS, YARs P HhnASE, Not

or fructose. In one embodiment, the sugar is sucrose.

20 The amount of sugar present in the microspheres 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 composition. In one embodiment, about
2% (w/w) sucrose is used.

Alternatively, the amount of sugar present in the microspheres can be referred to on a

25  weight ratio with the active pharmaceutical ingredient. For example, the active pharmaceutical
ingredient and sugar can be present in a ratio from about 10:1 to about 1:10 weight:weight. In
particularly preferred embodiments, the ratio of active pharmaceutical ingredient (e.g.,
exenatide) to sugar (e.g., sucrose) is about 3:2 (w/w), 4:2 (w/w), or 5:2 (w/w). Combinations of
two or more sugars can also be used. The amount of sugar, when a combination is employed, is

30  the same as the ranges recited above.

Sustained Release
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sucrose, |l actose and trehal ose. Suitable oligosaccharides include, but are

not limted to, raffnose and acarbose. The m crospheres may further

conpri se Whuromses2sdext r ose, gal act ose, naltose, fructos@CTASBRAVOHEG05SUCT OSeE,

| act ose, trehal ose, raffnose, acarbose, glycol, glycerol, erythritol,

threitol, arabitol, ribitol, sorbitol, dulcitol, iditol, isomalt, maltitol,

lactitol, mannitol, xylitol, or a conbination of two or nore thereof. In
he .sugar is.s , gl ucose, mannose r fructose. In one

one enbodi nent, t ucr pse .

entbodi ment | EISAMEAYEPTS e SR BRErelop P RA IO AR i BEBFHIVET n ¢ he

mcr O%IHHﬁﬁa%ut&%[‘ir{ t L6 RAMaP Atithe Qo&i&?/ﬁi(i&’{s‘%illt& BRYU iRB YL WMtihs oY eh as
fromabout 0.01% (W w to about 10% (W w), such as fromabout 0.1% (wWw) to

about eBtnded periodfofttines suoh a$, fowdghipleat pehied obivwsoddysi anhret daymer grtrstiwent |

about 2% (w crose is used. Aternativel t he anount of  sugar present
ot nettis S ab RO SoRER pried S BRI i YRR R e
phar mae el el Thoesemt 8nthe ablve pheamBdRiticdlNgeragithtie coRbMIRL &M &@lwhen

i ngredi ent and sugar can be present in a ratio fromabout 10:1 to about

1: 10 wegrgHtngeiopgar a theyapeuticilenel af agpivp pbararaceicahivgerdipah insthe pptient 5body.¢p

e b gsPRITREG S fillicl O8RS B ol B ord R R AEbe A, 013 (Fun or “hore-
sugar s can (@hsoash8edia@din iJ ke maitinin @furd dgadentrudi@nofadre® wiidhaicton dusing

enpl oyed, is the sane as. the ranges recited ahove. Sustained Rel easeThe
conpodh PN of reledsg St s his dnrdtopads d-4v6 3p HE5 0t heg7R, 1S HRSAYFIRGS 6HHM t he acti ve

ohar . . . b . i L ; sed
A R R AR RSP SR S A R
per i odbyche dwwotidayisthe ogledshr ee days, or at | east two days, or at |east three

days, or over a ri.od of one k, t weeks, one nonth, three nonths, or
oS e . 4R nf RBadigafthe PR AR IO i A7 19p g TR PSR Toone: der ed
conpl ehagicohely debigdtte fo? aRQ-didREEbr AutdiesaReH! ﬁd&yﬂe%‘é‘i@és, @ﬁchae@,_ttha/sg dgscritbﬁcé

pharmaceutical ingredient in the patient's ‘body, as determ ne '
medi cdiergindéymetin olgtborhdeeless caprddvide § Caké inl a tharapheficawindo@veuleayoukegl her ei n

ot 1 orARER THReR Lere it T e s e e v b SRR s G m
concenpats shOfustintd releliicvehpdyitidh sdich@itcBacRita supeii dedifedatlicye (AUC) of
the release profile by the duration of the rel ease. ) )
profile can be achieved and controlled, for example, by appropriate selection of carrier
properties, such as viscosity. There is thus provided a reduced burst (i.e. initial release; e.g.,
Cmax at 0-1 day). In other embodiments the Cmax to Cave ratio is from about 1 to about 3, or
20  from 1 to 3, or from about 2 to about 3, or from 2 to 3. Further, a Cmax, if present, can be
shifted from the burst or initial release period into the "sustained phase” of release. In one
embodiment the Cmax can occur at at least 7, 14, 21, 28, 35 or 42 days post administration and
can occur at any integer day in between. In a further embodiment the Cmax occurs at about 21
to 35 days after administration, and in yet another embodiment is at about 28 to 31 days, and
25  further at about 28 days after administration. In a further embodiment the maximal
concentration of drug (e.g. plasma concentration) occurs at at least 7, 14, 21, 28, 35 or 42 days
post administration and can occur at any integer day in between. In yet a further embodiment the

maximal concentration of drug occurs at about 21 to 35 days after administration, particularly in

the case of glucoregulatory agents such as exendin-4, GLP-1, GIP or their analogs.

30
Longer Shelf Life
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In one enbodi ment the ratio of Crax to Cave is about 3 or less. This
profile is particularly desirable for anti-diabetic or glucoregul atory

pol ypept iwoxp108128357as t hose descri bed herein. A ratio ofPCahsaw09856@58 | ess
can provide a Cave in a therapeutic w ndow while avoi di ng adverse drug side
effects which can result from higher ratios. Further by controlling the
physi cal aspects of the sustained rel ease conposition, as descri bed herein,
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ingredient relative to the activity at initial fornulation (as 10094 . In

anot hefabe EsbgineeruiredingdesodarmHarrscearticwally these whreke saariering madinaast
95% g%mﬁg?€§a§{ 8% or at least 99%of its desired activity as conpared to

its activi Irmredi ately before storage. Wen
Reduced Burst Release
20 Another advantage of the present formulations is that formulations according to the

present disclosure offer a significantly reduced burst release rate compared with other
formulations. When previously available injectable sustained release formulations are injected
into a patient there is often a “burst” of active ingredient or agent associated with the injection.
Without wanting to be bound by any specific theory, it is believed this burst is caused by that

25  quantity of active pharmaceutical ingredient in the formulation that is not retained within the
polymer that is released over time. By “burst release” is meant that quantity of active
pharmaceutical ingredient released within the first 24 hours after injection. In other
embodiments it is that quantity of active that is release over 1 hour, or 2 hours, or 4 hours, or 8
hours, or 12 hours after injection. In various embodiments the formulation of the invention has a

30  Dburst release after injection of less than 10% or less than 5%, or less than 3%, or less than 2.5%,

or less than 2%, or less than 1% or less than 0.75% or less than 0.5% or less than 0.25% or less
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the formul ati on contains mcrospheres, shelf life also refers to the
retention of particle size and/or norphology of the m crospheres. Retention
of size mwopholagas7can be determ ned by m croscopi c exarCmaS2@/05¢08& use of
which is known to persons of ordinary skill in the art. Wen fornul ated as
di scl osed herein a peptide or protein as active ingredient is |ess
susceptible to oxidation and to hydrolysis, either chem cal or proteolytic,

bot h durl orage and_.during its sustained rel eas eriod after
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retain yimer that is released over tine. By "burst rel ease”
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ormul ation o i nventi rst rel ease I njection o Iess
t han h@%&)mgfedmt thiatrea&ltds tlwblb@rhsﬁ;reaﬂléma@,%peuod bégnect Aans FcB%nown i hes t han

2% or s t.han.1% or s.than. 0. 75% s than 0.5%or less.th 0. 25%
207 | ot fiRmotiod b (g eatied ol Vi ing dpen e dn IRl BsBIdhe fipsctigttion Sisn:

of aCtd'anemHH@Bl@SBG %Jéxspe@tkd kY &dé@le bwhthig th@uﬁgtsecﬁerfa?émlvﬁhw Afert [sowi ng
injection of the fornulation in the patient burst rel ease may occur at

any t icasulatediby ploidiog tidcomeentsation héth@aifm&m thhbloednfey ctrenplc phgmei me wher e

oiter odphisPetos oV RETRTTGAM: piSed PRE FRaFiod Bgh R BRI SR FMana

r el easikdadindbetha etihvé@bRNAYATEE 6h¢ bxXcmhplafy@hddRdnt, RO 8res lﬁhhér&b)e aurté fsan vv' 'l
appreciate that the time period when the burst rel ease occurs nay vary from

pat i eficapyed fer et daymgriod apd Hsipe thesforsulatdonsydepsribed hicredn. tlrerclnash e RUrg s of
the t %e%lsm%{i %hm% rﬁr§t% Hofsvi§ 5%0& l@ss, 2% or less, 1.5% or less, 1% or less, or 0.5% or
less of the total AUC. In another embodiment, the formulations described herein result in a burst
20  or proportion of the AUC that is 20% or less, 15% or less, 10% or less, 5% or less, or 2% or less
than that obtained when the sustained release composition is contained in a carrier in which the
active pharmaceutical ingredient is soluble.
In another embodiment, the formulations described herein limit initial burst such that the
upper limit of the therapeutic window for the active pharmaceutical ingredient is not exceeded.
25  The therapeutic window is the range of concentration of active pharmaceutical ingredient in the
circulation, above which the active pharmaceutical ingredient has its desired effect, but below
the concentration at which the adverse effects associated with the active pharmaceutical
ingredient outweigh the benefits as would be generally accepted among physicians. In one
exemplary embodiment, the active pharmaceutical ingredient is an exendin, for example
30  exenatide, or agonist analogue thereof, and administration of the formulations described do not

result in a circulating level of active pharmaceutical ingredient exceeding 400 pg/ml during the
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particular time period follow ng adm nistration of a drug. Area under the
curve (AUC) is a well established neasurenent in the pharnmaceuti cal

sci ences woaomeaszsres t he anount of drug or active i ngredirarstomlatoss eaches
the bl oodstreamin a set period of tinme. As is well known in the art, the
period of tinme selected will varying depending on the tine period the
concentration of the drug in the blood is expected to be detectable or
within the drug.s therapeutic.w ndow. AUC is calculated by plotting the
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433 p%/ m % n? .t(ﬂefi rst 24 hours follow ng adm nistration. In another
exenpl Sigyze Mt the active pharmaceutical ingredient is an exendin,
for exanpl e exenatide, or agonist anal ogue thereof, and adm nistration of

t he f oviethbds oDSwrihgscri bed does not result in a circulating level of active
phar maceuti cal i ngredi ent exceedi ngﬂ350 m during the first 24 hours

. g/
fol | owi ng dAHMithr seiest prawides picthods obyipdrg bianugpised fricags Saawkiiony dessipt i ng
ci rculaldiNITRORERBHS @Ht@[ﬂ% b FSRRIARNHE YSscribed herein may also be referred to as

methods of preventing the degradation of the microspheres. By “storing” is meant that the

20  formulation is retained for a period of time within its container without adding any additional
component to the container and without removing the formulation from the container (e.g., in the
manufacturing facility, during transport, in the pharmacy). The storage time will typically be the
amount of time between packaging of the formulation and its use by the patient. After the
storage time the formulation is administered to the patient in need thereof. “Administering” to

25  the patient includes self-administration. The methods involve storing the sustained release
formulations for a period of at least 1 week, at least 2 weeks, at least 1 month, at least 3 months,
at least 1 year, at least 18 months, or at least 2 years. In some embodiments, the formulations
can be stored at 5°C or 25°C. There is minimal degradation of the microspheres when the
formulations are stored for such extended periods of time.

30 In another embodiment the invention provides methods of maintaining the potency of

(e.g., preventing the loss of biological activity) and/or purity (e.g. preventing chemical changes
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pharmaceutical ingredient in a tinme period immediately foll ow ng
adm nistration of the fornmulation with the circul ating concentration of the
drug in aweeowds1is7me period that imediately foll ows tRETiSEEW/054088 one
enbodi ment, use of the fornulations of the present disclosure result in
circulating concentrations of active pharmaceutical ingredient during the
first 24 hours followng admnistration that do not exceed the circul ating
concentrati ongﬂ ri ng the next 24 hour gerlﬂ} I n an ot her enbodij nen use of
s
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tqot he patient includes self-admnistration. The nmethods involve storing

the sust ai ned rel ease fornulations for a period of at |east 1 week, at

| east Methodkof Adminisgsing/Treatthént at | east 3 nonths, at |east 1 year, at

| east 18 nﬂnt hs, or at | east Z@ears | n sone, enbodi ments,. the fornmulations
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time. I n anot her enbodi ment the invention provides nmethods of maintaining
t he porberdy fofmylatian or qempesitivh ag dessubedlssciof Pblycﬂfcblgﬂ fﬂmnubaons/detsyr)besin d/ or
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purity, but may still retain its potency. The nethods involve storlng a

mi cr odpiEPYiterinbrings-Aldaminel infieveieas micaY siERIc MAgcE af adminisiraiomol el§ueous
carri %ﬁlb%alnge%%,qflé REAUNEOE! BestAbedh b P dilintstl&s subcutancously. In one

embodiment the methods involve injecting the formulation without the patient performing a prior
20  step of combining the sustained release composition with a second carrier.
In one embodiment the administration does not comprise a mixing step. A mixing step is
a step where the microspheres are combined with a carrier prior to injection. In various
embodiments the mixing step is a step where the microspheres are combined with a carrier
within the 1 week period prior to injection in the patient. The carrier can be a non-aqueous
25  carrier, such as those described herein. Administration of the formulation refers to the complete
process of the user interacting with the formulation, including mixing, combining any ingredients
forming the formulation, and the actual injection or other form of providing the formulation to
the patient.
The frequency of administration can vary depending on any one or a combination of
30  factors such as the amount of the formulation administered, the release profile of the formulation,

the amount of active pharmaceutical ingredient in the formulation, and the circulating level of
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whereby the potency and/or purity of the active pharmaceutical ingredient
is mai ntained by the m crospheres and the non-aqueous carrier. In the

f ormul at iwoxo0teéesrsrbed herein, at | east 80% at |east 90WI/UsR0ASDES 95% at
| east 98% or at |east 99% of the potency and/or purity of the active
pharmaceutical ingredient is retained for a period of tinme of at least 1
week, at |east 2 weeks, at least 1 nonth, at |least 3 nonths, at least 1
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to be achieved. In particular enbodi ments, the fornul ati ons descri bed
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four nont hs, "once every si
comprising a glucoregulatory peptide such as an exendin, ¢.g. exenatide, result in a 2 hour

20  plasma glucose of less than 300 mg/dl, less than 275 mg/dl, less than 250 mg/dl, or less than 225
mg/dl. In a particular embodiment administration of any of the formulations provided herein
comprising a glucoregulatory peptide such as an exendin, ¢.g. exenatide, results in a 2 hour
plasma glucose of less than 200 mg/dl. In other embodiments, administration of any of the
formulations provided herein comprising a glucoregulatory peptide such as an exendin, e.g.

25  exenatide, results in a 2 hour plasma glucose of less than 190 mg/dl, less than 180 mg/dl, less
than 170 mg/dl, less than 160 mg/dl, or less than 150 mg/dl. In certain embodiments,
administration of any of the formulations provided herein comprising a glucoregulatory peptide
such as an exendin, e.g. exenatide, results in a 2 hour plasma glucose less than 140 mg/dl. In
further embodiments, administration of any of the formulations provided herein comprising a

30  glucoregulatory peptide such as an exendin, e.g. exenatide, results in a venous or capillary

fasting blood glucose (FBG) level of less than 200 mg/dl, less than 175 mg/dl, less than 150
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nont hs or once per year. In one enbodi ment, the fornulation is adm nistered
once a week. In another enbodinent, the fornulation is adm nistered once a
nont h. Wwo0 20toe028237mul ati ons conprise a GLP-1 receptor &GOMAIS209/05606$h as
G.P-1 or an anal og thereof, or an exendin (e.g., exenatide) or an anal og
thereof, they can be used to treat nunerous di seases, such as diabetes
(e.q. Type 1 diabetes Type Il diabetes, gestational di abetes), inpaired
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weekly average glucose levels monthly average glucose levels or yearly average glucose levels.

20  Two hour circulating glucose levels are determined after an oral glucose tolerance test (OGTT).
In the standard test, 75 g of anhydrous glucose is dissolved in 250-300 ml of water and
administered over 5 minutes. In children, glucose is administered at a rate of 1.75 g/kg body
weight up to a maximum of 75 grams of glucose. A baseline glucose level is obtained prior to
ingestion and then typically every 30 minutes for 2 hours. For gestational diabetes, a 100 g, 3

25  hour test is often used.

Because glucose freely crosses the cell membrane of red blood cells, erythrocyte
hemoglobin undergoes a nonenzymatic glycosylation at the amine residues. Hemoglobin Alc
(HbA1c) refers to the percentage of hemoglobin molecules with glucose moieties attached to the
N-terminal valines of each of the two beta-chains. Glycohemoglobin includes HbAlc along with

30  other forms of hemoglobin where glycosylation has occurred at other amino acids. The

percentage of hemoglobin molecules undergoing glycosylation is proportional to the average
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one enbodi nent, a FBG |l evel of less than 110 ng/dl is achieved, while in
anot her enbodi nent a FBG | evel of less than 100 ng/dl is achieved. In
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exanpPBE 3570 rgedinggg. xeeatidlst repyli inadedustiondn pymaipisnanss o %&@élboiig 1dhalcs,

we gkl Xes%Yseth% t%n%%?lek@t%% 8%, T@%E‘Hﬂh% Y Eeadh 19.13%0195%%% ?’ ?‘%Sor%s Yigal |y

aver age gl ucose |evels hour circulating g Ucose | evel's are determ ned

aft er 4&h 1Zhua,| thg bmnpxwldmldmcwt’.c@hetremtaré QETl)in alnmthdtbofs’edumlmotmmstamlﬁg g of

anhyd in 250-300, nl . of. wat er an, ered over
5" it iR telef T pEG0E Sttt st aibainde cqmpngopi oV BTG body
vei ghtin Ypoth& e?nm&hémrra&ﬁml%éa@a@@fsangfof%&ﬁ%aau&s%aeihwﬁerain%ﬁﬁﬁlsin%\éeI i's

obtained prior to ingestion and thenh typically every 30 m nutes for

hour s gl@@reggbmratpﬁ sudh apen esndm, ¢@ocxgnadleymsplts i msat red@ctt@htte,rmmg@dance

Becaus fre 0SS the .ce nbr. ape r.ed b Ils,

o5 h G R oS TR BB R KBRS R e PR U e BBl the ami ne
r esi dygscosyier® abbi b 16vdl$iBlreduct &t irmidt@intd e, BEFRE RS @gﬁh@ﬁ 9*5%mﬁhmhn

nol ecul es mnthaglucose noi eties attached to the N-term nal valines of each

of t hevet sothsscabedizians ghoyylaisd hegpalebin levds tgaedugpdiias meinpigedt; pr both

at less than 9%. In further embodiments administration of any of the formulations provided
herein comprising a glucoregulatory peptide such as an exendin, e.g. exenatide, results in a

20  reduction to, or maintenance of, or both of glycosylated hemoglobin levels to less than 8.5%, less
than 8%, less than 7.5%, less than 7% less than 6.5%, less than 6%, less than 5.5%, less than 5%,
less than 4.5% or less than 4%. In other aspects administration of any of the formulations
provided herein comprising a glucoregulatory peptide such as an exendin, e.g. exenatide, results
in a lower of HbAlc by at least 0.2%, at least 0.4%, at least 0.6%, at least 0.8%, at least 1%, at

25  least 1.2%, at least 1.4%, at least 1.6%, at least 1.8%, or at least 2%. Thus, the invention provides
methods of reducing or maintaining glycosylated hemoglobin levels in the blood, the methods
involving administering a composition described herein.

It should be realized that a subject in need of lowering of blood glucose is not limited to

patients having diabetes mellitus, but may include any subject suffering from hyperglycemia for

30  whatever reason including, but not limited to, injury, trauma, surgery, stroke and myocardial

infarction. The amount of glucose lowering will vary with the subject in question and depend on
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ot her forms of henogl obi n where gl ycosyl ati on has occurred at other am no
aci ds. The percentage of henogl obi n nol ecul es undergoi ng gl ycosylation is
proporti omal2otom28ise aver ageanbi ent gl ucose concentr at i or€TAISRMGYSG0RS
previ ous during the previous 60-90 days. HbAlc is a comonly used neasure
to assess the state of glycemc control in patients with diabetes. In one
enbodi nent, adm nistration of any of the fornul ati ons provided herein

conprising a gl ucorequl at ept.ide such as an.exendip, e.qg. exenatide,

F osul tRe1918 P ascdie 65VGHOF o, o BiE WNGFTRIA 168 UGV HY BT T GSAN: DIsQUT 8 of | ess
than 8¥aditibn an@idIgsn. embodi ment HbAlc |evel s are reduced to, naintained at,
or both to less than 7.5% while in yet another enbodi nent, HbAlIc |evels
are reduced to, maintained at, or both at less than 7% In further

enbodi nents, adm nistration of anyaggghgq;fornulations provi ded herein
conprising a glucoregul atory pepti i as an exendin, e.g. exenatide,

resul ts i n Thelfglldicink @Bnll'@niﬁﬁ/g eaednmlem%ﬂeﬁe @hrthe@lilhRehfiofof A dMelmg t o
| ess than 6.5% less than 6% |ess than 5.5% |ess than 5% ess than 4.5%

or | edke foranlaiops dasersbedthivecin.omg 9&s ratantendidde liyeide eansiod tha @pgadadiglaimg. g
met ho i i I Ni v ' he . t: net hods
corpr 1 Ut BE S g IR TR ET kR Bt Uyl Ot OFHERYY
enbodicommicrcialdyriviilableas MIGIOf OBH Y 1 D SdsbleGérarany IGahb o, W itemo Gedagchyher ei n
conprising a glucoregul atory peptide such as an exendin, e.g. exenatide,
resulti in_a_ reduction to, maintenance of, or both of glycosyl ated

henogl Itdyels of less than 10% In anot her enbodi nent, gl ycosyl ated
henogl obin | evel s are reduced to, maintained at, or both to less than 9. 5%

wiPl e in yéicgspherey mayhearapared bYgroeesssy kapwa ihwse agidesqridgel &2-ad)$ educed
N o . .
to, nﬁja{&l@NB%j 5@#,8%ﬁ§nc§? § !['lbﬁgeﬁq; Ngs’? 45 ,%14. %\/ﬁcré)s&h%%é% tcﬁg;prlﬁﬂgg rbrgﬁggﬁde-co-

adm ni stration o of mil at’rons provi eln-c sing a
gl ucorgtgulidt)anoypolyet hakdng dsperas] thoreax Endiniw) exegatidxaida’% ¢e/w)rsastobd seien a

reduction to, or ntenance of , or hoth of glycosyl ated henpgl objn | evels
to I e bl Thoael el snaheaslo eralVippaindz sl O tasROHaFoRA sk ¢ han
6. 5% TRESMINAPhEA atcCRFrchihBeiry é%el&;ﬁa%ytﬂﬁﬂi@ﬁ(ﬁ%ﬁﬁ§&ﬁ%Q@Hn&- (’?%’1 Bicdoess

than 4% |n other aspects admnistration of any of the formulations
provi d&d), Adkeings, doergChimbridgea M Leod EGuliBy end/Cpaptiyd@ndiacdpobis 1NN f@xermden,

e.g. exepatide, respults in | ower . of ..HbAl.c. b l.egst 9 | east
o 3o, SN UEFufiEh o it et oE g tin LU Prabsflogi€ ARLiaR0 1 85 PoguFREL o
1.4% at least 1.6% at least 1.8% or at |east 2% Thus, the invention

provi daanifié hods of reduci ng or maintaining glycosyl ated henmogl obin |evels
in the blood, the nethods involving adm nistering a conposition described

herein. The stability of the microspheres from Example 1 was investigated to determine their
stability over an extended period of time while stored in a non-aqueous carrier. Microspheres
20  from Example 1 were stored for a period of 6 months at 5°C in a formulation comprising a non-
aqueous carrier (i.e., sesame oil; MCT oil; and ethyl oleate, which is a monoglyceride). The
control was an aqueous formulation comprising the microspheres from Example 1 in an aqueous
carrier containing carboxymethylcellulose and a surfactant.
The stability of the microspheres was determined by morphology and particle size via
25  examination under a microscope. Exenatide purity, potency (by HPLC evaluation), and in vitro
release were also determined. As shown in Table 1, after 6 months of storage the physical
structure (i.e., size, morphology) of the microspheres did not change.
As shown in Table 2, the microspheres stored in a MCT oil showed no change in the

purity of exenatide based on an HPLC analysis. Impurities might also be referred to as
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It should be realized that a subject in need of |owering of blood glucose
is not limted to patients having diabetes nellitus, but may include any
subj ect swbf2ero/meesfr om hyper gl ycem a for what ever reasomrCirnuskadiongss but not
limted to, injury, trauma, surgery, stroke and nyocardial infarction. The
anount of glucose lowering will vary with the subject in question and
depend onfactors such as the severity of the hyperglycem a and the severity

of the di sease, disorder, or condition in question. | es, The f.ql | owi ng
on- | rPETRg e SO B e ety P et TR B0t Mt mg. Che
for mul bt RN STIGR S RelaheE R the fGHIRIADR alBneizBloe MERUn{ R sphdFtd stblog iscope of

t he appended clains. Wth respect to the Exanples herein, MCT oil refers to
medi usesshei ail and ghyl eodsataidhonict awhgltidccwassomies puril lof cxanafifia bl e iapuntici YOL

(r) 812 asol man Jtte r . e M crospheres may
be. pr P aDBy 5 bEBLLe SR Hesieidh Preedr T Rhersl B st ol §leRBBN HEE pat wn
No5 7,babpR4rkdan e kfatBatemt stibility oAS&n2RH-itsMfCr ospheres conprising a

pol y(Il acti de-cogl ycol i de) copol yner having di spersed therein 5% (w w)

exenat i de dr@lezbshowswhatdhepaency\od cacnsbitdadisaipt sippidicantly decrease over the 6

pol y Iﬁg I de-co- ' I ia.of |actide:glycolide of
1:1. eg%8%¥§ﬁgg%ﬁ%$%é9§%gggﬁg%éﬁFF?ﬁgg@%a&%%%gﬂbped by Anylin

Phar maceuticals, Inc. (San Diego, CA), Al kernes, Inc. (Canbridge, MY, and
Eli Lilly and Conpany (I ndianapolis, |N) for a onceweekly fornulation for

t r eat i Gledh: dpretiels Sizesand Mogphology) using MISEIEPRyi a, 48: 1380- 1385 (2004).
Exanpte 2 The srabiiit% ?f he m cr[os hq%ﬁs fnom Exanpl e 1 was investigated
to determne their st FIWT@ over an"EXPENYed period of time while stored

i n a|non- aquequs(St@dadaleviaipe fg8Pher es from Exanple 1 were stored for a
periaod of 6 monthsy at | 3ath N6 Fdn@isM0 Rtd RBnGQMPr i Si ng a non agueous carrier
(i.e—sesanmgort - McT ot Tand ethyl—oleate,which is a nonogl yceri de).
The ¢SRFHO! §Mdgzh.@éégb 4ﬁﬂ§btidﬁ)@@ﬁ§?i<ing the mcrospheres from
ExanpIMCT diln aresaqaepws (22y [ iar(1gpnt ahdiciggearn boxymet hyl cel | ul ose and a
surfactant _The RPN RSN) ' Ticrospheres|was determ ned by norphol ogy
and Irr,g:h}yilple‘gte |674§([1\8 A 62)@% 12%9?@%” nd&} NEY o oscope. Exenatide purity,
pdfency (by HPLC evaluation), and in vitro rel ease were al so deternined. As

Shown -1 AR Rare 1P of FXRIIR (heathifl Bl LY ST cal

% purity of exenatide
%

% change %
t=0 1month change* 3 month * 6 month  change*
sesame oil 9593  95.68 -0.25 94.55 -1.38 95.00 -0.93
MCT oil 95.63  95.56 -0.07 94.67 -0.96 95.50 -0.13
cthyl oleate  95.60  95.80 0.20 93.67 -1.93 94.70 -0.90

*Changes less than 0.5% are considered to be insignificant

Table 3: Change in Potency of Exenatide Based on Carrier in Formulation

carrier time zero | 1 month | 3 months | 6 months
sesame oil 97 104 98 98
MCT oil 94 108 99 99
cthyl oleate 95 98 99 100

15
Example 3

The pharmacokinetics of the formulations in Example 2 were determined, except that 2%
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structure (i.e., size, norphology) of the mcrospheres did not change. As
shown in Table 2, the mcrospheres stored in a MCT oil showed no change in
t he puritwoabioaesasat i de based on an HPLC anal ysi s. | npulPCriusgooiogdess al so be
referred to asdegradation products fromthe peptide. H gh purity neans
relatively little degradation of the peptide. The purity is relative to the
formulation at tine zero. The m crospheres stored in sesane oil and ethyl

ol eat owed .a slight, decrease.in the dty.of exenatide. T inmpurities
o G G PEDISER 3 B P T SRR e e e it i RS B s e 3 mihtlel
(bas e%i@fbsﬁl?ér@s‘]&ér 4 of inHE—%)lueolﬁk' tardRPeaFelntiRisR e d't8l6ah&AvitHoa _Qf@ néécﬁ@i ity of
exenatide 1tself. Table 3 shows that the potency of exenatide did not

si gni flhaesindy, p cdapresmey svadso mhde © thomidtogpdicics dromeGuanaple d shafwarhgixed
non- aqueous carrier .trhat paas useg. Table 1: Particle size and norphol ogy
usi ng arlbasq&lgf)lés CRET dUSS _eo&en%eﬁ Pn Puri ty of Exenatide Containing

Fosmul at i OfFi%{Qr@lIrﬂr(BMd@fa exahsikoref the YhaRandendids of # foun@pkhnechange* 3
nonth 6 nmonth change* sesane oil 95.93 95.68 -0.25 94.55 -1.38 95.00 -0.93

MCT oifprngdatgms 9f mggrosigherep contagimg grenatidys Igthreg forugations, tht extier isgned 95. 80

0. 20 67.51..93. Q4=+ Q.- 0] n 0 e ,consi to be
i nNsi gzggi’g%sﬁ%efg]b%cggl:l’ %@ﬁé%%h%g?éeﬁozﬁp%aﬂ%xfgﬁglﬁ%@%n’ gges%%%ﬁg rrier in
For nulagtéous dE¥anplAs can bé eceplfesmraeadatd) eid fosmothtibizehak Oigraml ik dapria Had Exanpl e 2

were determ ned, except that 2%ww). lecithin was added to the ethyl ol eate
carri ¢ .ucgqin}a@q%wmﬂ EURRAEFSLONE FPrENUGEeB haring 8n agyusaus 641TIRY- cr ospher es per i

ofjgnon- aqugQ|g. 63L § F%@h%@lrs@mﬁ bR io?%z?cﬁ erdR1fed BbH F‘%ﬁr@ 1%@1#5%9&%“ e. In

t he study, a conpar n was al so nade to the m crospheres Exanmple 1
t hat weemtide xewtenirdtivnapvea e o shecfarmiletion cshpiedmpithe MAT edtdaorer akd ger e 1
provi des a conpari iggn of the gg}qf{ macoki net i Cj of the four different

f or mul°§PPBHREVS fOrUATgn SRRPHENE i SGURY W A En A 0F AESMR FORGPERIGLRIAGALPE ons,

the cakédfilde nfydR r@idhed 8R&-aboSES@ERI | MCT oil; ethyl oleate). In one
conparative fornmulation, the carrier is an
Example 4
15 A formulation comprising the microspheres of Example 1 in an aqueous carrier and a
formulation comprising the microspheres of Example 1 in an MCT carrier were prepared. The
burst release was evaluated by adding about 0.75 mL of the formulations to a 10 mM HEPES
release buffer. The mixture was agitated to ensure that the microspheres achieved full contact
with the HEPES release buffer. After incubation at 37°C for one hour, the mixture was
20  centrifuged and the aqueous phase was analyzed by HPLC to determine the burst release. The
concentration of the dose tested for release was 150 mg/mL.

Figure 3 shows the lower burst release of the formulation having the oil carrier compared
to the formulations having an aqueous carrier. The graph shows that with an aqueous carrier,
about 0.6% of exenatide was released in the burst. With the formulation having the MCT oil

25  carrier, less than 0.1% of exenatide was released in the burst.

Figure 4 illustrates the in vivo release profile in rats over 10 hours for the formulation of
Example 1 in MCT oil compared to a formulation comprising the same microspheres in an
aqueous (saline) carrier. In the time period following sub-cutancous administration of the
formulation, the entrance of exenatide into the plasma was markedly lower than the same

30  microspheres administered in the aqueous carrier. The formulation of the invention shows no

burst release, and a markedly more gradual entrance into the blood plasma versus the aqueous
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aqueous diluent. As can be seen fromthe data, the fornulations having an
oil carrier had reduced burst when conpared to the formnul ati on having an
aqueous caoroavesfBrgure 2 is a graphical sinmulation of aaraSsecmwnapss at ed
fromFigure 1 of the plasma exenatide concentration over tinme of the
formul ation conprising the MCT oil carrier and the conparative formulation
conprising the aqueous carrier. The plasnma concentration pl ateau of
exenatj de may he reached after about .5 dosings. Ex I A formul ati on
Conpr e e Hiees GSpies swegrs BRSHsIie SR butsaens Telesrdfy &

for muleatrh,QR if@TRE bidb@glakig m crospheres of Exanple 1 in an MCT carrier were
prepared. The burst rel ease was eval uated by addi ng about 0.75 nL of the
formul ations to a 10 nM HEPES rel ease buffer. The m xture was agitated to
ensure that the m crospheres achieved full contact with the HEPES rel ease
bufferx>ﬁghgg i ncubation at 37C for one hour, the m xture was centrifuged
and the adquedus phase was anal yzed by HPLC to determ ne the burst rel ease.

The concentMitdpaftidhds Wwdire peparedtie stemnboimilet waba doesibtdth 1g/cRamples LS 3
shows the | ower burst release of the formulation having the oil carrier
conparatent ot hd39.68niradipdauraal vhigh aningepewsird bygiecfarace hersan. giighhsagdiss
that w : rier 9 i el.eased in the
bur st -V PO LT BRAF BfildEan B P Rt BRRORLAEe MR NBHEESC 0! To6 o
exenatpratelivale, metrelagtéd bonint herubLalsiminEsgline sdlidylldteshliatiesacid) eninaryvlino

rel ea rofile in rats over 10 hours for.the fornmul ati on of  Exanpl.e in
NMCT oﬁcﬁm)ﬁhtPB{yéI}q6¥?\;@P5’%§a mﬁeféwp@;%s COBREYBERE ' Y&Pg@&ﬂ%angﬁ’wﬁ an
aq U_eoyéé{)é@aﬂef)raﬁh tl’i‘e?&[;[felé fﬁﬁxm%erms_f}ﬁaéeur{ﬁ aREHHQo Bgiahpmg-h%ﬁﬁg&u&@&w@en

adnlnls_ratlon of ornmul ation, the'entrance pf exenatide into t he
pl as mMiwagchmnigeatfrgm|2dner 1% arnwtd¢hsztire phonvspiierbisgadmnhi Shemeddi n t he

aqueous carrier. The fornmulatjon.of the invention sho no hur st rel ease,
and & PRRAREF iRt eg S a0 KPR PoRteah? bR eorBaa Bl e Bedo g he
aqueoysibeinPolyahdroSomeboGandrs asdded hiBcPRUHPRHSUEDIPI @lde AMEPANE %g@d Bgtst
rel ease followed by a sharper entrance into the bl ood pl asma. anple 5

M cr opaeneriidse S hpskisudnr spatawgd twingcreavsribat moved |ckackwvesetto arodyesefficisatl i n t he

B N T
temperature, and cut into short strands a;bout 1-2 inches long. These strands were then fed into a
12-tooth rotor mill, followed by a sieving step to produce microparticles of about 20 to 100
microns. The microparticles were collected and stored at 5°C until further use.

Experimental samples were prepared by dispersing about 50 mg of the microparticles into
20  0.75 mL of a MCT oil carrier. The samples were stored at 5°C and 25°C for two days, two

weeks, or one month, at which times representative samples were tested. The fraction of drug
that remained in the microparticles and the fraction of drug that partitioned into the MCT oil
carrier were determined. Briefly, the samples were centrifuged to separate the microparticles
from the MCT oil carrier. Each portion was treated independently to determine the amount of

25  drugit contained. Results are reported on the basis of the percent residing in each independent

portion.

Table 4: PLGA copolymer; 2 Days Storage at 5°C

Compound Microparticles | MCT Carrier
davalintide 99.8% 0.2%
pramlintide 100.0% 0.0%

_27 -



were prepared by briefly m xing an active pharnmaceuti cal
bovi ne serum al bum n,

davalintide, pramintide,
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sal i cyl atwp 208/a283s7i ¢ aci d, m nocycline HO ,
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sodi um
i nsul i n) amdTASRYNBECOES . e,
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Storage The data in Tables 4-8
sust ai ned rel ease formul ati ons
active pharnmaceuti cal

q

i ngredi ents,

i ncl udi ng peptides and small
been successfully produced using a variety of peptides,

nol ecul es. The conpositions have
bovi ne serum

al buniTablegr ®Léi/eporelyatred Nayh Stragmrd 2P °Grol ecul es. Surprisingly salicylic

into the MCT carrier oil,

oeniLam Compousd 7] Microparticles | McT Cairer |
davalintide 100.0% 0.0%
pramlintide 100.0% 0.0%
metreleptin 100.0% 0.0%
bovine serum albumin 100.0% 0.0%
sodium salicylate 97.7% 2.3%
salicylic acid 99.1% 0.9%
minocycline 99.4% 0.6%

Table 7: PLGA copolymer; 1 Month Storage at 25°C

PLGA Polymer; 1 Month Storage at 25°C
Compound Microparticles | MCT Carrier
davalintide 100.0% 0.0%
pramlintide 100.0% 0.0%
metreleptin 100.0% 0.0%

bovine serum albumin 100.0% 0.0%
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that its solubility in the MCT oil is greater than 30 ng/m . Thus, the

m croparticles remain intact upon storage in MCT even when the active

phar macewocalo/a2ezredi ent is soluble in MCT. The data f ecrhuseomlobass r at e
that the conpositions can be successfully produced even using other polyner
m xtures in the mcroparticles. Exanple 6 The percentage purity of

exenati de was rreasured by HPLC at one m)nth intervals over a 9 nonth period
i n t hefeHewingtour—formiatioens: "0) a—formul ati on conprising the

m crcspmh@fgsdﬂc}@&%lrrph e P8X%r ed|in k%o | |NCT oi | carrier at 5C, (ii) a

f or myl atlsgpcﬁfgrgg{d Si n|g t b gui, cr osphey es, of Exanple 1 stored in an MCT oil
carrire —25C (i) dry—mecrospheres—of—ftxanple 1 that had been stored in
a cortal n‘@fno%“rhng m)n hs 28t9"8C w{ t hdlit”a i quid carrier, and that were then
adm xed wi tihsigin aqueous oc@ry,er | mMmegvately prior to the study; and (iv)
dry microspheres of Exanpte 1 that thad been stored in a container for 9
nont hs at 25C without a liquid carrier, and that were then adm xed with an
agqueoukbleaBy patycaprotadomay Bl G Apopolynica Tt\heV\EdeldsiStord@egures 5A and B show t he
fol | ow-ng:—()—exen Ly —greater—than 93%at 6 nonths and 9
montHs in the [formulati 8RCwith the pil carri @ @t a tenparature of 5C

(i) [ dg had T ' nd 9 nonths in the
form@mdﬁﬁ\%i m%{(ﬁjg%g{l% c%dﬁfgéﬁle N/ﬁ?re eﬁcgc Jreeg&a%eé; (ii1) exenatide
had g ppattilidtidedf greao%®r than 0% at |6 moooks wher e0be nijcr ospheres had
beenlstored drly at 5 0C land (v} exenatide had a puritylof greater than
90% at 6 nonths in the formul ati on where the m crospheres had been stored
QLY 2 2 LamehalinngnRl a2t MR AR dBhefigRaL! de vas
determ ned by strong cation &xch ange ure he purity of

ex &natfoaheul avisms desceibod hedinby anevietyse-difiasst ddﬁh@phdfxﬁnmitlealﬁnﬁedﬁuﬂsat i ons

contai.ning the m crospheres, from Exanple 1. an MCT oi | rrier
st orednféwgag BFRliden & %?@Lwlea? eéxfﬁ%%qra@wsge laﬁeééu%&es mogu?eﬁe erval s
for tah\%ne@ddi*'g%br@d[@' bkind QEGH 'aﬁﬁlhﬁﬂsanﬁ%%@é E‘élé’&lo‘h ¢ sHhhRieheses from

Exarrpl e oll carrier were stored at t he potency of
ex enatSudmiswesy smaghcc ecdd.avhinlbmt dl solubi¢,elid adtsmigoate &tmrﬁth@T dérrganrod éesprtesent s

the v o i SobBify %W&ég%}l it 2 RPHENSY S BRAL HilSnl R SR GENE S ihQk: 2!

| east
10 upon storage in MCT even when the active pharmaceutical ingredient is soluble in MCT. The

data further illustrate that the compositions can be successfully produced even using other

polymer mixtures in the microparticles.

Example 6

15 The percentage purity of exenatide was measured by HPLC at one month intervals over a
9 month period in the following four formulations: (i) a formulation comprising the microspheres
of Example 1 stored in an oil MCT oil carrier at 5°C; (ii) a formulation comprising the
microspheres of Example 1 stored in an MCT oil carrier at 25°C; (iii) dry microspheres of
Example 1 that had been stored in a container for 9 months at 5°C without a liquid carrier, and

20  that were then admixed with an aqueous carrier immediately prior to the study; and (iv) dry
microspheres of Example 1 that had been stored in a container for 9 months at 25°C without a
liquid carrier, and that were then admixed with an aqueous carrier immediately prior to the study.

Figures SA and B show the following: (i) exenatide had a purity greater than 93% at 6

months and 9 months in the formulation with the oil carrier at a temperature of 5°C; (ii)
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The physical integrity of a fornulation containing the m crospheres from
Exanple 1 in an MCT oil carrier was anal yzed. After storage for a period of
6 nont hs WO 2610/0281%¢ nol ecul ar wei ght of the pol y(l acti deczarsgigosdosgie)
copolymer did not change relative to tinme zero. After storage for a period
of 6 nonths at 25C, the nol ecul ar weight of the poly(lactide-co-glycolide)
copol yner decreased by 6 kDaltons, which was conparable to the nol ecul ar

wei ght cha f dry m crosph s (i.e., m.crosphere tored. for. 6 nonths
o oA Badh gl e R RET e & it ST oA R e ERioR L R

neasurcgdicd bt SlenHePt@gr 25°3 (iif) cx@@d® hQ@E‘Pﬂﬁtyfbtf oBlatdIeManS499 bt @Rfentt@Nd No
change in nean dianeter was detected relativé to tinme zero. Exanple 9 The

rati o vdferd themiidesphioyesdiaddect storediey af T POpandi(ivo lcaenaids had & puiitywd grdatgat ed f or

use with ious APls. .The Table bel o rovi des the various

et dbolh o e s b e B ReS MBS PELIRBRE et e pol yrer
Dr 89 (t&hiporatud o2 5POr IEF@rdDL&hsguﬁdymfieﬁ@aﬁae R4 d6kefthindd Py sftbrgddatide 10

50/ 50 PLGA Leptin 10 75/25 PLGA BSA 25 50/50 PLGA Na Salicylate 25 50/50
PLGA Safhaage HE)I-&C ilg B2mirg OBsthepugly off axeesfideivwrs detprmayed by peygaserphage HRLSS
50/50 1.1:1 PCL/PLGA pramintide PCL = 150 50/50 PLGA = 10 Al publications
and patents are incorporated by reference herein. The foregoing has been
describxashpla7detai |, and the skilled artisan will recognize that

nodi fications may be nmade w t hout departing fromthe spirit or scope of the

di scl osur e FOFMEFHeMORLNEE HE TICEISRRCTOhHPM; xagInis el psMUT olACRRISUMEE ur ed
Prig- Mtech 4Pk Ald Redclor bRUBREE Qs ARAIET 4 2orRES Gl 1 9 months.

Additionally, formulations containing the microspheres from Example 1 and an MCT oil carrier
were stored at 25° and the potency of exenatide was measured at monthly intervals for 6 months.
Figure 6 presents the results which show that the potency of exenatide was preserved for at least
9 months.
15
Example 8
The physical integrity of a formulation containing the microspheres from Example 1 in
an MCT oil carrier was analyzed. After storage for a period of 6 months at 5°C, the molecular
weight of the poly(lactide-co-glycolide) copolymer did not change relative to time zero. After
20  storage for a period of 6 months at 25°C, the molecular weight of the poly(lactide-co-glycolide)
copolymer decreased by 6 kDaltons, which was comparable to the molecular weight change of
dry microspheres (i.c., microspheres stored for 6 months at 25°C not in any carrier). The mean
diameter of the microspheres was measured after storage at 3, 6, and 9 months at either 5°C or

25°C, and no change in mean diameter was detected relative to time zero.

25

30
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of a suspension of: (i) a pharmaceutically acceptable carrier which
consists essentially of one or nore triglycerides OC -C fatty acids; and
(1) m creephmyes2sthi ch consi st essentially of a pol y(l cTiusesoonsg@sg col i de)
pol ynmer having di spersed therein about 5% (ww) exenatide as active
pharmaceutical ingredient and about 2% (w w) sucrose; wherein the ratio of

| actide :glycolide in the polyner is about 1:1. 2. A manufactured pre-m xed
formul ation for injection conprising a suspension of (i) a pharnaceutically
accept abl e non-aqueous carrier and (ii) mcrospheres which conprise a

bi ocom}ﬂlhgg, bi odegr adabl e pol yner and an active pharnaceuti cal
ingredient. 3. The fornulation of Claim?2, wherein the pharmaceutically
accept abl e Thematimeldectglelglyqolide farshpmigepartdles wrs alse evestiggtodder ustesitlof C - G

I)glt ;)(/ Ivg{%{)]iq%‘é?igg elr&g b@gfep%}ao)r& ﬁlfﬂ%fiﬁg ﬁ{ee‘%ﬁi\ég%\ﬁg?(ﬁ@;’ %‘%11%1%5%395\}3 *$har maceut i cal

ingredient is exenatide. 4. The formulation of Caim2, wherein the

m crospheres have dispersed therein 1%to 10% (w w) exenatide and 0.1%to
5% (Ww) sugar. 5. The formul ation of O ai PPO%herein the sugar is

gl ucose, dextrose, gal actose, maltose, fpabnssdWnahaosds/Glygehdsse, | act ose,
trehal ose, Polahfernose, acar bodseruggl ycol, gl y&®raol , er yattorfot BLGAL hrei t ol ,
arabitol, ribitol, sorbitol, dulcitol, iditol, isomalt, maltitol, lactitol,
mannitol, xylitol, or a conbination of two or nore thereof. 6. The

fopmul ati onpiofjpaany one of QRumsidt to 5 whefgin the forgyeation is a
sustained release fornulation. 7. The fornulation of any one of Clains 1 to
6, wherei n RIHeAf or nul at i on fremhnfidenj ect abl e 1&r nmul ati on.5080 The fornul ati on
of any one ains 2 to 7, wherein the pharfaceuticall cceptabl e
non-aqueousﬂ; Fgri er is an oi rL.eptéI.l The formul L(??on of C aﬁé{%% wherein the
oil is cocomutaoil, pal moil,Bpal nkernel oil25sesane oils5p/50ybean oil,

al rond oil, rapeseed oil, corn oil, sunflower oil,

PLGA Na Salicylate 25 50/50

15 PLGA Salicylic acid 25 50/50
PLGA Minocycline 10 75/25
PLGA Insulin 25 50/50
1.1:1 PCL/PLGA pramlintide PCL =150 50/50

PLGA =10
20

All publications and patents are incorporated by reference herein. The foregoing has
been described in detail, and the skilled artisan will recognize that modifications may be made

without departing from the spirit or scope of the disclosure or appended claims.
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peanut oil, olive oil, castor oil, soybean oil, safflower oil, cottonseed
oil, ethyl oleate, or a conbination of two or nore thereof. 10. The

f or nul at iwo 20f0/028®B7m 8 or 9, wherein the oil is a fractipomatsea9nsdoss 11. The
formul ation of Claim10, wherein the fractionated oil is fractionated
coconut oil, fractionated palmoil, fractionated pal mkernel oil,
fractionated sesane oil, fractionated soybean oil, fractionated al nond oil,
fracti onated rapeseed oil, fractionated corn oil, fractionated sunfl ower
oil, fractionated peanut oil, fracti{dA¥%ed olive oil, fractionated castor

oi I, fragi,ppaies.gaybean oil, fractionated safflower oil, fractionated
cottonseed oil, or a conbination of two or nore thereof. 12. The

formul ati on of. anyAoneudfcti@edpresmiXet] dorhlatimeforinjectine comastmgessentiallyl | y
accept abl g non-aquequs carrier conprises one or nore nonoglycerides, one or
nmore di gf %’rqpﬂlég),n ne or nore triglycerides, or a conbination of two or
nore 4 hereof. (i13. JPRarhREHcANY Stephblelcai B dhichddastisisRsdchBalBhei dRGeut i cal |y
accept abl e nonaqueous carrier conpri ses one or nore nonogl ycerides; wherein
t he nonogl ycer i desmotnipiglyseridsstod (s-f fadytasidsiand atty acids. 14. The

formul ati on of...any_one of Cl ai 2 1o 13 . wherein t.he. pharmaceutically
ncept anl o notl)aq B Rres M T PeratigL b F bR AR ARTHEL "t e
the diglycerides cpsipmeseavest @kser@ld therbid Bouf B I(W/ Acd:@aatide.as hbevd or mul at i on
of any one of Clains 2 to 14, erein the pb)ar maceuti cal | y acceptabl e

non- aqueous car ri ePhqr@aggydicyringrsdient Jndgibgeter’e ABeVMHEORC:CHEseIN e BEPers of C
to G fatty acids o The. fare i fs AR, e of Cains 1 to 15,
V\heﬁeolzn t he phar rrac():fe%ﬁdce' f%/d@(%:(l;:ﬁje{[)}lt%;og%eﬁésrl-aq}JEQUS carrier conprises (i) a
triglyceride dhi chnocoofacisebprarmigsd érnodation Cof @jdciomcordprifing 3 a
triglyceride which conprises . an esters of a Cg fatty acid;. é"iiii a
triglycetiSBENSYH Qle)éd?haFfP%C@EU%ﬁl\lY&t?eé’Fa ¥ nop-ggroratay crad ! 'fwgpéeres
triglycephis Whipfite Qgﬁﬁﬁgﬁ%lé%iﬁgﬁaﬂaﬂg _Falgge% ah@bd Xct%';fﬂérn@iceﬁtY&al a

conmbi nation of two or nore thereof.” 17. Thé formul ation of any one of

d ai ns lingeedidf. wherei n the pharmaceutically acceptabl e non-aqueous carrier

Corrpfg ses (1) 3.a t"fﬁeg[lo}{rﬁgl% igﬁa ofl\@fa?nrl] 2?\9&/ rre{nstﬁg pﬁa?r%lealéesutl%];lly acceptable non-

aqueous carrier comprises one or more triglycerides of Cs-C); fatty acids; wherein the

microspheres which comprise a poly(lactide-co-glycolide) polymer; and wherein the
active pharmaceutical ingredient is exenatide.

4.  The formulation of Claim 2, wherein the microspheres have dispersed

20 therein 1% to 10% (w/w) exenatide and 0.1% to 5% (w/w) sugar.

5. The formulation of Claim 4, wherein the sugar is glucose, dextrose,
galactose, maltose, fructose, mannose, sucrose, lactose, trehalose, raffinose, acarbose,
glycol, glycerol, erythritol, threitol, arabitol, ribitol, sorbitol, dulcitol, iditol, isomalt,
maltitol, lactitol, mannitol, xylitol, or a combination of two or more thercof.

25 6.  The formulation of any one of Claims 1 to 5, wherein the formulation is a
sustained release formulation.

7. The formulation of any one of Claims 1 to 6, wherein the formulation is an
injectable formulation.

8.  The formulation of any one of Claims 2 to 7, wherein the pharmaceutically

30  acceptable non-aqueous carrier is an oil.

9.  The formulation of Claim 8, wherein the oil is coconut oil, palm oil, palm
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three C8 fatty acids; (ii) a triglyceride which conprises esters of three
C O fatty acids; (iii) a triglyceride which conprises esters of two C fatty
aci ds andwonelodi2e2sfatty acid; (iv) atriglyceride which eocruse@ess@ss ers of
two Cl10 fatty acids and one Cg fatty acid; (v) a triglyceride which
conprises esters of two C fatty acids and one C fatty acid; (vi) a
triglyceride which conprises esters of two Cl1O fatty acids and one C fatty

acid; (vji) a.triglyceride which conprjses esters of one Cg fatty acid, one
C10 fat { erhgicd, Seifa® Gflesasbea %ﬁ@n@ﬁo &l r%RﬁS?ﬁd)OIL cpim gt ratavesE othi ch

conpris e]?eaﬁﬁtt &, %li% ofN&sfBofl %?Ueaﬁcdig safABR P bbiYe@Gil dethﬁ Rebapne, & fatty
acid or (ix) a conbination of two or nore thereof. 18. The fornulation of
any one afmiGhaiomofi®otoonbrs theteefei n the triglycerides conprise (i) 0 to 2

W% C6 fatty [ 65 to 80 wo% C8 fatty,acid, 20.to.35.wt % C.0 fatty acid,
and 0 to 2 wt%ClL erfﬁﬁp‘}?laa%ﬁfc(%wﬁ B %{?%eb&%eﬁlﬁ afiegHaReed Olso 1o 65 w %
C8 fagty acidj] 30THOrofRuMESR 6F BlafratibywR&GEH, th@RectbnhRd 2iMk Huldohafcdt ty aci d;
(iii) 0Oto 2 w%C6 fatty acid, 45 to 65 W% C8 fatty acid, 30 to 45 m %

Ci 0 f at t gocaguidil, Gracteoratagtpdtion, fragtiopated ipatm kerdel®ilk, drastionated scseshadib aci d; or
(iv) Ot . W % C6 -f att cid, 45 to 55.W.%.C8 fatty acjd, 30.t0 .40 w% Ci o
fatty. achadiofhiy et Bidppil® alofoaa bbbl Aol At 6 e
f or mul at édan oflf fraciionemee seiflds qioi frddiohetcd Peantdn et eiractiongted biigd yicer i des
further conprise 0 to 2 w% C fatty acid. 20. The fornul ation of any one

of O ai nBadtmnatsd gestorgib fisrtionatd soy bepnyile fipgfianated watfloger gilt acsioppted c6™ f at t y
aci d,n 50 &tﬁ’ Qe%d‘éﬁlcy%% cttﬂl%thti@%fC{wo?leﬁo(?eﬁ%réMf% CO fatty acid, and 0 to 2
2 ?a tn . (i e o)

wt % y aci d ormul ati on any one of Clainms 1 to 20,
further conprixi rithecafophalatiecefinyamklof Chanoe Rttalilewbkareinghe pharma2eutithiéy

formul ation of C aim 21, wherein the pharnmaceutically acceptabl e excipient
is a sug%ﬁc,eptéb@&‘@&raq‘é?% [FAICCT EQBIAYCS SE? gaipre r&%ﬂ%@%‘@ﬁ@% PO&,OT HPC

combi nat iiig[}celfidésy%eocfr_rﬁ&%@riél?@érﬁf%@,-or%%om%ﬂféﬁ%ﬁroﬁlt’uf@éli PBrQher@hy one of
Claims 1 t0 22, wherein the pharmaceutically acceptable excipient is

sucrose, gl ucbtse, Thievtmaseon gCaoh d8evheraintths pharmaehiicalseacceptatlc ose,
RN T L T TR RN L T
benzoi ¢ afhgliseeQehi of @abd,, AR AcEEesol , sodium
14. The formulation of any one of Claims 2 to 13, wherein the pharmaceutically
acceptable non-aqueous carrier comprises one or more diglycerides; wherein the
diglycerides comprise esters of Ce to C;, fatty acids
20 15. The formulation of any one of Claims 2 to 14, wherein the pharmaceutically
acceptable non-aqueous carrier is one or more triglycerides which comprise esters of Cg
to Cy, fatty acids.
16. The formulation of any one of Claims 1 to 15, wherein the pharmaceutically
acceptable non-aqueous carrier comprises (i) a triglyceride which comprises an ester of a
25  Cq fatty acid; (i) a triglyceride which comprises an esters of a Cg fatty acid; (iii) a
triglyceride which comprises an ester of a C fatty acid; (iv) a triglyceride which
comprises an ester of a C; fatty acid; or (v) a combination of two or more thereof.
17. The formulation of any one of Claims 1 to 16, wherein the pharmaceutically
acceptable non-aqueous carrier comprises (i) a triglyceride which comprises esters of
30  three Cs fatty acids; (ii) a triglyceride which comprises esters of three Cy fatty acids; (iii)

a triglyceride which comprises esters of two Cs fatty acids and one Cy fatty acid; (iv) a
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benzoate, potassium sorbate, nethyl paraben, propyl paraben, butyl paraben,
benzal koni um chl ori de, sodi um netabi sul fte, butylated hydroxy ani sol e,

but yl at edwbydromeg2svol uene, sodi um sul fite, tocopherol, wPhymskoooas®ss bat e,
propyl gallate, or a conbination of two or nore thereof.24. The fornul ation
of any one of Clains 1 to 23, wherein the fornulation does not further
conprise a gel-formng agent. 25. The formulation of any one of Clains 2 to

(Z:gpomﬁ;e{ggfceggi) %gg%%&]iiégsl %{%(P%O%@E%@ea%l gnéggé @7%% %%)A XL)aé:tl de, | a
pol ygl ycg g'lﬁ%nd@wﬂ%yc(ah@%ésdé% d&@gﬂkﬁ&‘@é fag@l?llggggacﬁyﬁag ¢ fafly gahy%@? ic acid, a

copol yner “of "a polylactic acid, a polyglyco a copoly of a
pol ygl ycmigﬂyreadq: dhich qodpw@ésa&starsoﬁwodilﬁ dattyl acadsland oac Cd)“att}oqmd Ywerg a

ol ycapr ol ac a co msr of r al acto carbopate, a
JPORA SR ARt AT i AR s R b AN g M B R e

pol yest efa@tgnadﬁiS (Viiupﬁrb%@iﬂ%ﬁdé Wieh o@nﬁﬁ@éﬁ S0 opcfneECgpf@it)?’ aaby&fel g fath

pol yam no acid, a copo a polyam no acid, a polyorthoester, a
copol ynegcidfangd Opglcy&ttymect@re(rm) gecopdliyatipand e 9t aoes; thareebpol yner of a

ol ycyanoacr t anone ac Iy of oxanone
g pgl gal Kyl e%egao%l}eaf?gnulgég %(nyr%llﬁ 0>f]C lalmﬁg%%lxze %lngl>1<é; rgﬁgngl g .

pol yur et fafrisedi)@pal wive Cs @fttyencng 6% s e@ ha%ecg ﬂafty ac@ommtor%twml CQf fattyo or
nore thereof. 26. The formul ation_ of wherein the bi oconpati bl e,

bi odegr atfabhiaad §dp el Cs fattyagigy (i St aéﬂ%Cgf%ﬂwmdd &y tQ:@-‘pWF perfattp7. The
00 2418 0y S RGBS 61, Sl 30 U PRIl = 0, 0
gl yCOI | derid,s1550:650vt%20; fafthecidoBontd 45 won (@b fatyyctine tos W@%’al(ijmfaify 4@d;28,
A T, T M T T T
31. The §@{ay @19, @1, Rty @Rl 04?9 wi e, il 418 aRERD kSIS0 LikchneRAl ! de.
19. The formulation of any one of Claims 12 to 18, wherein the triglycerides
15  further comprise 0 to 2 wt% C,4 fatty acid.
20.  The formulation of any one of Claims 12 to 19, wherein the triglycerides
comprise 0 to 2 wt% Cg fatty acid, 50 to 65 wt% Cs fatty acid, 30 to 45 wt% C, fatty
acid, and 0 to 2 wt% C,; fatty acid.
21. The formulation of any one of Claims 1 to 20, further comprising a
20  pharmaceutically acceptable excipient.
22. The formulation of Claim 21, wherein the pharmaceutically acceptable
excipient is a sugar, a sugar alcohol, an antioxidant, a preservative, or a combination of
two or more thereof.
23. The formulation of any one of Claims 1 to 22, wherein the pharmaceutically
25  acceptable excipient is sucrose, glucose, dextrose, galactose, maltose, trehalose, fructose,
maltodextrin, glycol, glycerol, erythritol, threitol, arabitol, ribitol, sorbitol, dulcitol, iditol,
isomalt, maltitol, lactitol, mannitol, xylitol, benzoic acid, sorbic acid, meta cresol, sodium
benzoate, potassium sorbate, methylparaben, propylparaben, butylparaben, benzalkonium
chloride, sodium metabisulfite, butylated hydroxy anisole, butylated hydroxy toluene,
30  sodium sulfite, tocopherol, thymol, ascorbate, propyl gallate, or a combination of two or

more thereof.
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32. The formulation of Claim29, wherein the peptide is G.P- 1(7-37) or
GPI( 7-36)-NH 2. 33. The formulation of Caim?29, wherein the peptide is
pram i nt iwe.208/2838Me formul ati on of C aim29, wherein tRETASPIOGESISS
davalintide. 35. The fornulation of Claim29, wherein the peptide is

Val 27-daval intide. 36. The fornulation of Claim?29, wherein the peptide is
netrel epti n 37. The forrrul ation of Claim?29, wherein the peptide is

i nsulin. for |on f dai 9, erein the etld is a glucagon
agoni st or a 64] “3 ag)ty Onﬁ@?ciﬂ’éls}qu | Whergin tg? f DgoChher ei n
t he pepth@[quﬂﬁﬁ%ﬁ%hggg el%rrﬁl gagent_l receptor agoni st and a gl ucagon

agoni st tion o ny one of Claims 2 to 39, wherein the
active phar ma2eut Theaormulghedofmty dns od &@is 2tto A4, wbe;railrdthﬂbiodempatﬁﬂe: el eptin,

bovi ne sg sodi u icylate sali.c | ine HO ,

or | nout Pde BTy e seRpobed of ¢ ephfadSs ATl Aier B n 1 1o
99% of thHorkdrQTRH ;%@déﬁa@ Fal p%‘?y([hrcﬁﬂé Eélz1yd8lidS cbpslymet, la\@lﬁmfc%faeut i cal
ingredient and 99 to 1% of the mcrospheres co I'se insulin as the active
phar mac eeapotancriofgmebilaatic acii2a pmryelyfcohcrr@m@ota mngineani}a oakygbicold adidkn 2 t o

41, wher elln léLtltc% 99C6 f tlpceacgﬁ)cro gher s, % 1rollac%\onpr ang |0ntrheclre0 1S t he active
phar mace?ﬁ?’%ﬁ ﬁ(jired% eht g8Pe me/”o(ﬂp crgs ﬁ(—:pre% conpri se

netr el epf)(bl?ca@ﬁolﬁ&@n@@tpblé&aﬂbbﬁﬁtm@pbly@ﬁér ofa@ngdmaﬁate Adpolyhecrimidald at i on of
any one of Clains 2 to 42, wherein 1 to 99% of the mcro@gheres conprise

daval i nt $epelyaaeriohia P&b{eﬁt\?@nﬁﬁ%\rarﬁ%@ﬁb%f&ie p eepdunerf ardyadydigde 9 of t he
m Cfflzﬁphf&l@nﬁg%{d §<8915{ﬁ%11}1811&p$ nB B&id &@61\}%19&%%%%&%&@8}%& gggr edi ent.

tronh o one ‘0 am;2 erei % of the
m cr osphpslesrtiaenpr, |aqml3a:yéidaeiyla"te,caecm)oryn@oﬁa@blyagaﬂobeyam iaypelygpar maceut i cal

ingredient and 99 to 1% of _.the m ¢rosph se netreleptin as. the
active phHarsACElEiceRe ymﬁ@?%adp%lx@ digginos aﬁ)@@ﬁﬂﬂ%ﬂﬂﬁ&ﬁﬂa‘r@ aRPBHEC A O ai s

2 to 44, aga%ﬁ%mn& BeaRELd Y&y RRALARGRSHbEAer bPIPSTLEMank Sord SiRidatioR! ecul e

organic ¢
of two or more thereof.

15 26. The formulation of Claim 25, wherein the biocompatible, biodegradable
polymer is a poly(lactide-co-glycolide) copolymer.
27. The formulation of Claim 26, wherein the ratio of lactide to glycolide is
60:40 to 40:60.
28. The formulation of Claim 27, wherein the ratio of lactide to glycolide is
20 50:50.
29. The formulation of any one of Claims 2 to 28, wherein the active
pharmaceutical ingredient is a peptide.

30. The formulation of Claim 29, wherein the peptide is a GLP-1 receptor

agonist.
25 31. The formulation of Claim 29, wherein the peptide is exenatide.
32. The formulation of Claim 29, wherein the peptide is GLP-1(7-37) or GLP-
1(7-36)-NH,.

33. The formulation of Claim 29, wherein the peptide is pramlintide.
34. The formulation of Claim 29, wherein the peptide is davalintide.
30 35. The formulation of Claim 29, wherein the peptide is Val*’-davalintide.

36. The formulation of Claim 29, wherein the peptide is metreleptin.
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46. The formul ation of C aim45, wherein the small nol ecul e organic
conpound i s hydrophilic or hydrophobic. 47. The fornul ati on any one of
Clains 1 wWo248)y02845¢rei n the m crospheres are present i nPCmaSk@w/sdoasi on at
a concentration of from10 ng/m to 500 ng/m . 48. The fornul ation any one
of Claims 1 to 47, wherein the mcrospheres are present in the fornulation
at a concentration of from20 ng/m to 200 ng/m . 49. The fornul ati on of

any one of Clains 1 to 48, wherein_the m crospheres are suspended in the
carrier. 50. The f%fferﬁtarrav%wa‘?&éﬁw nehGFNENGPRIAE IS YSUG: wherein the
formul ation hes arghglhublibPofllafth 2SRRI tﬁ?ﬂ%ﬂi@g i%}g I%gggwﬁw &d on of

2 |
Cl aim50, wherein the fornul ati on has a she zlilt t 9 nonths.
52. The glorapohantagonisf Cl ai m 51, wherein the fornulation has a shelf life

of at |east one ygar. 53. .The [ atjon of Caim.52, wherein

Pormil at 1 on ha agrarpionor R Dashiithe Rl i SantsSgohia i on o
any one RcfibaddthisbbhdBgluddgon deBAREr at ure from about 5C to about 25C. 55.
The formul ati on of any one of ainms 1 to 54, wherein the formulation has a

burst rel eased®df Thesfermulanomos any@neih € lfims Autb 30i where tiot agtme55, wherein t he
for mul at fon, has.2. DSk el 8ass, o Lessilhan Lo .30, piGormlition of

d ai m561,3 WheF B e C T 6P M At SR R SR B lFs r%lF%aSe O PESE ¥ AR . 5%

58. The {oaiurikatidytite, 8hlidlidiabildprhinoshelii MICL beinsolidrul ati on has a bur st

rel ease of less than 0.25% 59. The fornul ation of C aim58, wherein the

fornul ation hik alhsfespuladenakamysmeioé§daimnariod0uhorea. | tp9% of thal ation of
any e &ﬁcr&gpﬁkﬁ c&m})tqseSp%amYm&&eeésr{hé Q@ti\je%’h%a?cteht?&l %?ecﬁ‘ent and 99 to 1%

of the microspheres comprise insulin as the active pharmaceutical ingredient.

42. The formulation of any one of Claims 2 to 41, wherein 1 to 99% of the
microspheres comprise pramlintide as the active pharmaceutical ingredient and 99 to 1%
of the microspheres comprise metreleptin as the active pharmaceutical ingredient.

15 43. The formulation of any one of Claims 2 to 42, wherein 1 to 99% of the
microspheres comprise davalintide as the active pharmaceutical ingredient and 99 to 1%
of the microspheres comprise metreleptin as the active pharmaceutical ingredient.

44. The formulation of any one of Claims 2 to 43, wherein 1 to 99% of the
microspheres comprise a GLP-1 receptor agonist as the active pharmaceutical ingredient

20  and 99 to 1% of the microspheres comprise metreleptin as the active pharmaceutical
ingredient.

45. The formulation of any one of Claims 2 to 44, wherein the active
pharmaceutical ingredient is a small molecule organic compound.

46. The formulation of Claim 45, wherein the small molecule organic

25  compound is hydrophilic or hydrophobic.

47. The formulation any one of Claims 1 to 46, wherein the microspheres are
present in the formulation at a concentration of from 10 mg/ml to 500 mg/ml.

48. The formulation any one of Claims 1 to 47, wherein the microspheres are
present in the formulation at a concentration of from 20 mg/ml to 200 mg/ml.

30 49. The formulation of any one of Claims 1 to 48, wherein the microspheres are

suspended in the carrier.
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burst rel ease of active pharmaceutical ingredient of 5% or |ess of the
total AUC, as neasured in the first 24 hours after admnistration to the
pati ent. W0.20es8f50r nul ati on of C ai m 60, wherein the f@ecEuSaw0oskas a
burst rel ease of active pharmaceutical ingredient of 2% or |ess of the
total AUC, as neasured in the first 24 hours after admnistration to the
patient. 62. The forrnulation of Caim&6l, wherein the formulation has a
burst release_of active pharnaceutic i.ngredi ent of 1% | ess of the
total AUC, as’ %aﬂtﬁ%anvlﬁ tigtef 4yrage Oga?l%aﬁrlstt)égt@hera@ﬁhﬁ WPUAPBRAL ® t he
patient. 4O i PEIBAH ¢ iWnity €at i ng di abetes in a patient in need thereof
conprising admnistering to the patient the fornulation of any one of

d ai ms 1-62. 63l. The foehhledonédf Claan ) 68hcredehefammubtiod habe sledf lifs oType 2
diabetesI Q%. TQE met hod of Claim 63, wherein the diabetes is Type 1

di abet es'°8%"' “d8e1'8Yi onal di abetes. 66. The nethod of any one of Claims 63 to
65, farther conpriif Bem@dIdNOSERIhRY, WRerbRahPRfrn@RioABhS ERBIMifedf at

sul fonyl urea, a thiazolidinedi one, or a conmbination of two or nore thereof.
67. A nebhﬁdmfarmstlnulatlng insulin release; |owering plasma gl ucagon;
reduci ng food.j nt.ake; d C|n i asi Stri,.c |I| Y;
del ayi ng gast?$c ib nﬂelyoq% f§ﬁ§5 ﬁﬁﬁgﬁﬁ?(Fﬁmﬁgggﬁa%aﬁhd %npalred
gl ucose Leltewaness. treating hyperglycenia; treating obesity; treatlng
overweight; treating fatty |liver disease; or treating non-al coholic

st eat ohepat i t?% ﬂ;hﬁ‘afoﬁﬁ’t‘lﬁé‘?ﬂ of anyrase @f Chpe 3P-Bo Alpt iCBTPRGEBAIOH 8108 i ng t o
the pptient, the foppulation of any one of Claims 1-62. 68. A container
conpri sing %he Formil ati on of any one of Clainms 1-62. 69. The contai ner of
Cl ai m 68, mheﬁﬁlnnkhbnanﬁ@n0&nnwahe&ffﬂahw11654Thbmemnhaﬁﬂﬁmkmbn@hﬁan169
wherein the v a single-dose vial. 71. The container of C aim69,
]Plﬁétr\fileé?e‘?fzeséﬂi*ﬁﬂ - dose vial. 72. The contai ner of C ai m 68,

wher ei n
wherein the cent am%nh&laﬁom‘uaﬁh %@t@ﬁerelﬁ%he P RuERABh BhOLbulf refdadl &7 72,
wherein the pen injector is a single-dose pen Injector.
less than 1%.
15 57. The formulation of Claim 56, wherein the formulation has a burst release of

less than 0.5%.

58. The formulation of Claim 57, wherein the formulation has a burst release of
less than 0.25%.

59. The formulation of Claim 58, wherein the formulation has a burst release of

20 less than 0.1%.

60. The formulation of any one of Claims 1 to 59, wherein the formulation has a
burst release of active pharmaceutical ingredient of 5% or less of the total AUC, as
measured in the first 24 hours after administration to the patient.

61. The formulation of Claim 60, wherein the formulation has a burst release of

25  active pharmaceutical ingredient of 2% or less of the total AUC, as measured in the first
24 hours after administration to the patient.

62. The formulation of Claim 61, wherein the formulation has a burst release of
active pharmaceutical ingredient of 1% or less of the total AUC, as measured in the first
24 hours after administration to the patient.

30 63. A method for treating diabetes in a patient in need thereof comprising

administering to the patient the formulation of any one of Claims 1-62.
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74. The container of Claim72, wherein the pen injector is a nulti-dose pen
injector. 75. A nethod of adm nistering an active pharmaceutical ingredient
to a patiwotoion2szsed t hereof conpri sing adm nistering tecCriusS2@ans@sg t he
formul ati on of any one of Clains 1-62. 16. nethod for maintaining the
potency of an active pharmaceutical ingredient conprising: suspending

m crospheres in a non-aqueous carrier, wherein the m crospheres have the

active pharmaceutjcal ingredjent dispersed therejn,; erein at |east 90% of
t he potency oéftﬁgkﬁﬁ?$9%ofa lgﬁﬁeW'a?%“ﬁﬁﬁﬁBQFﬁ@dﬁﬁgg‘gdﬁﬁﬁiod of at |east
one year. 77.qJherymhiadq 6f Cfa'ifﬁ%g‘é‘ﬁﬁ@fmﬁ%ﬁé §laBete R ﬂ%@:%ﬂé%@éé%rcar 'l er

conprises one or nore triglyceri conpri se fatty acids; and
wher ei n gdsaatiohalrdoghskesr esconpri se a pol y(l acti de-co-gl ycolide) pol ymer

havi ng di d t.here; t 5% (W tid d about 2% (w.
Ctor ose:  wher 8in THanrhed 87ED el Rt FasPpde i TR S ou
1:1. 5/8. tokhepaRinh AL tBfmiG! AbuTFoh§1REa, Nhia)}!&flf%ﬁrféid[bn@} orl £RMbIRRINST thHSr POt ency

of the active ingredient is maintained for a period of at |east one year.
79. A mewhodthewsel.st abi | i zi ng mi crospheres conprising suspending the

m cr ospheres %p a, n cro§8heres havi ng the

. A DR ROE QiR G AN nSitin %,\e@eegelln t1r.ri]n(:" s agon;
active pharnma sut’i* Cal |n8r% I'en %lé%erseél%hgwglﬁ%p &7 B EL” | east 90% of
t he pot erdycidf fddienaks; re@udimgimpdtiRntedréasihgl daktic meadilft@rdetuyRey ¢a@dicof at | east
one year. 80, The nethod of c¢laim79, wherein the non-aqueous carrier
conpr i sedMBRYEE, fovsing Plasmg) liped fovele streahing impyRgsr§luesetelapngea fregtinge i ds;  and

wher g n ' . - aorise: lact 1 de- ¢o: gl i.de) .pol yner

v g o e GRS B! 4 3ind PR e B Bl o) U

sucr ose; trpduapeion-aldokoliasteeroldpatiic ini Dieat@ghtinalet dléhetrcof t@ppahyner i s about
1:1. 81. The. et hod of Claiﬂ1 9 or 80, wherein t,Ieﬁz£ 95% of the potency
of the atdmipistoringreficamtiendhearaulationef piy one 5 bP2at 1east one year.

82. A method §or RiQhtAGr BrifRINEE SSmuMicnbraayBh SECAImathY e

69. The container of Claim 68, wherein the container is a vial.

15 70. The container of Claim 69, wherein the vial is a single-dose vial.

71. The container of Claim 69, wherein the vial is a multi-dose vial.

72. The container of Claim 68, wherein the container is a pen injector.

73. The container of Claim 72, wherein the pen injector is a single-dose pen
injector.

20 74. The container of Claim 72, wherein the pen injector is a multi-dose pen
injector.

75. A method of administering an active pharmaceutical ingredient to a patient
in need thereof comprising administering to the patient the formulation of any one of
Claims 1-62.

25 76. A method for maintaining the potency of an active pharmaceutical
ingredient comprising: suspending microspheres in a non-aqueous carrier, wherein the
microspheres have the active pharmaceutical ingredient dispersed therein; wherein at
least 90% of the potency of the active ingredient is maintained for a period of at least one
year.

30 77. The method of claim 76, wherein the non-aqueous carrier comprises one or

more triglycerides which comprise Cs-Cy; fatty acids; and wherein the microspheres
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phar maceutical ingredient, for a period of at |least 3 nonths conprising (i)
suspendi ng the m crospheres in a non-aqueous carrier, wherein the

m cr osphewe=012825¢ t he active pharnaceuti cal i ngredi enPCaitsp@wosass her ei n;
and (ii) storing the mcrospheres for a period of at |east 3 nonths;
wherein at | east 90% of the potency of the active ingredient is maintained
for the period of at |least three nonths. 83. The nethod of C aim 82,
wherein at |east 95% of the poiency of the active ingredient js maintained
for the PREPREY adao?ss( acligeret2hip HES) RBNIIS Mg Fhecied HBEFBAOQI AVrie®)or 83,

wher ein g, RNAGHERUS, ggrvwésggm&ﬁm&éraﬁ%h@ﬁﬁo 9f la%ﬁéglé/%lﬁle)’iﬁ%é des whi ch

conprise C-Q fatty aci erein the mcrospherés conprise a
pol y(| acpelgmecs-abgbytclol.i de) pol ynmer havi ng di spersed therein about 5% (w w)

exenati de and,abaut 2% sucrose, erein the ratjo of

act de: g yoor baetTenhes BEEHEERE Taouairem o 1S5 Ao bl Ratinpupr 81 i ver i ng
a corg ai R8fve Mr&dlcRAeRhitaRePfor 8pkHYoPRAEIBGRUSdagal 1 ngredient to a
patient in need thereof conprising: preparing & containerconprising a

non- aqueous cad-riAmeshad fior strbisiping meisrasplarergconneisngt suspengingrtheceut i cal

i ngredi ent 1rdsi Z;Qreer §ednt£\_gr eion' f‘rﬂdr d%l %Ye{hien toheheq,roS taaimne 9 tehe patient.
86. The MEYREG S "H B W EE uf)?ep r"iwna The “CORaP ey cé’n‘&rl 6él%gvthe non
aqueous glarmb&utidfldngiedicasqiiRiR thavinNghédki @At % barhvaoescy eathe

i ngredi ent_ dispersed therein; transporting the container froma packagi ng
faci | i t yaqtiyeangsedientaepamninacdior pperphel tHestMt ¥ither to the patient. 87.

The t hod of i . rein. n- ousS..: i C i ses one
or rrilﬂ)ﬁra e trigl %@eﬁ?e@a&g(ﬁ 8&‘9%1%%@&%5% %é%@gg%c# éé;}acaﬁ@%\%\ﬁ eo(rhg}% rrrl t he
m cr os phewestrighepridsevidcipodnfdisedid O fator gligs ahd darepothy mecrobgherasg di sper sed

t herei n about 5% W). .exenat i and about. 2% (W w) .sucrose; rein the
ratio of qu%m%eaéﬁ.%w%éfi?-agg Noliia ng ving digheiged ficiein geout Rl _
conpri Si 8QnaH &MLD& 2%’%% ﬁ@f&é;‘ﬁl’f‘éeiﬁ@ﬁeEa%wla%ﬁh&%y%licﬁcﬁ}{ yene of C aims
1 to 62 and instructions for use. 89. The kit of C aim88, wherein the

cont ai nepolymenispboutilnj.ect or. 90. The kit of C aim 89, wherein the pen

) ef:SI or is aSIS.i nﬂlleeﬁlgtﬁg(? of Sﬁirin%eo% %8!’ wherein at least 95% of the potency of the
active ingredient is maintained for a period of at least one year.

82. A method for storing microspheres, which comprise an active
pharmaceutical ingredient, for a period of at least 3 months comprising (i) suspending the
microspheres in a non-aqueous carrier, wherein the microspheres having the active

20  pharmaceutical ingredient dispersed therein; and (ii) storing the microspheres for a period
of at least 3 months; wherein at least 90% of the potency of the active ingredient is
maintained for the period of at least three months.

83. The method of Claim 82, wherein at least 95% of the potency of the active
ingredient is maintained for the period of at least three months

25 84. The method of claim 82 or 83, wherein the non-aqueous carrier comprises
one or more triglycerides which comprise C¢-C); fatty acids; and wherein the
microspheres comprise a poly(lactide-co-glycolide) polymer having dispersed therein
about 5% (w/w) exenatide and about 2% (w/w) sucrose; wherein the ratio of
lactide:glycolide in the polymer is about 1:1.

30 85. A method for delivering a container which comprises an active

pharmaceutical ingredient to a patient in need thereof comprising: preparing a container

39



91. The kit of Claim89, wherein the pen injector is a multi-dose pen
injector. 92. The kit of Claim88, wherein the container is a vial. 93. The
kit of CwoOrmB2A2sutierein the vial is a single-dose vial PCPAIS2000054058 of
Claim92, wherein the vial is a multi-dose vial. 95. The kit of C ai m 88,
wherein the container is a cartridge. 96. The kit of Caim92, wherein the
vial is a single-dose cartridge 97. The kit of Caim92, mherein t he vial

is a multi-dose cartridge. qge met hod of any_ one. of cl ai ms to 77
wherei n $HBPHSHNA- F“BWOP%C%?W} SBICTAIPRETRY haviRetBE asthvg Hharra%ﬁ?u% of clains

88- 98. 9@1 reliftét HE@QQ&H t%reﬁi%n&’ﬁ@hx%kng kil (htal Ror k@t hap@r €1 n the formulation

of the no -aqueous carrier m cr oSpheres havi ng the active
pharnaceutlca$6|ﬁﬂﬁﬂdﬁbﬂdoﬂCkmnﬁéempramﬂhmcmﬁmamhmmquﬁa@ﬂhnnmmcord|ng to

any one of clains 1-62.. e for tion of an of. the aboye cl ains
e ot SOt B e rigronmis i i B ety el BlieSlisn Rp RS mar -
layers 1fdrein %nﬁplf kicontaRkr Fbal a{@a%QleM‘%ﬁfcﬁity" td 5‘ hHla6y, andyer is

non- porous. 102. The fornulation of d ai 00 or mhereln the carrier is
not contéﬁerétingthﬁflqt?n‘aﬂ@ubsﬁlamﬁ@;ﬂ nunmber of int erlor spaces or pores of the

m cr ospheres. 10 e. f atl 02 wherein the carrier is not
Cont e o kT g fignb DY 's3be 8k ¥y e BPe o PTIRE P GCAIES. | 104,

The f or nedeadr dre efiglGteldes MZhwoaipeise (L 1Ta, tatylackis; dasvingéinples neat ed t he
interior spaces or pores of the mcrospheres. 105. The formul ati on of any
of the aBSFeSDEREES RRMAH Pely(lardidasa-slioddelnolpeistiving disnersed thaapipi er has” a

vi SCR)S' t%bé)?lt E)%r%ge@éaﬁqf%%%o %Et ‘%)r(ﬁfmv%%c?d:s)e \?h&gmctﬁ)? raftlﬁ%@q 20 cP to 80 cP

or from e above cl ai s
wher ei n hctidisglgcolzid m&ieqmd;}anerfls talimltacltl ve pharnmaceutical ingredient

contained in nposition into the patient.is o two weeks, one
nmont h, three %gntfhgltc‘}f)m@ﬁémﬁé‘éfomaiww Wﬁfﬁ@??%’ﬁl\qﬁ%mgrﬂf aBY Othe! above

cl ai ns V\@pdlirgg M +d @@aﬂﬁl&mtggggmg@utl cal ingredient does not result in a
circulating |level of active pharnaceuti cal

89. The kit of Claim 88, wherein the container is a pen injector.
15 90. The kit of Claim 89, wherein the pen injector is a single-dose pen injector.
91. The kit of Claim 89, wherein the pen injector is a multi-dose pen injector.
92. The kit of Claim 88, wherein the container is a vial.
93. The kit of Claim 92, wherein the vial is a single-dose vial.
94. The kit of Claim 92, wherein the vial is a multi-dose vial.
20 95. The kit of Claim 88, wherein the container is a cartridge.
96. The kit of Claim 92, wherein the vial is a single-dose cartridge.
97. The kit of Claim 92, wherein the vial is a multi-dose cartridge.
98. The method of any one of claims 63 to 77 wherein the formulation is
provided in a kit according to any one of claims 88-98.

25 99. The method of any one of claims 76 to 87 wherein the formulation of the
non-aqueous carrier and microspheres having the active pharmaceutical ingredient
dispersed therein is a formulation according to any one of claims 1-62.

100. The formulation of any one of the above claims wherein the microspheres
have an outer layer less porous than the inner layer.

30 101. The formulation of Claim 100 wherein the outer layer is non-porous.

102. The formulation of Claim 100 or 101 wherein the carrier is not contained
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i ngredi ent exceeding 400 pg/m during the first 24 hours foll ow ng

adm ni stration. 108. The fornul ati on of any of the above clains wherein the
active phaoreameusiscal i ngredi ent does not result in a ciPceaisatongosevel of
active pharmaceutical ingredient exceeding 350 pg/m during the first 24
hours follow ng adm nistration. 109. The fornulation of Cains 106 to 107
wherein a 100 mlligram dose of m crospheres is adm nistered. 110. The

formul ati op, of aimg 109 wherein the 100 nmilligram dose of m crospheres
cont ai nsHni ftﬁ@@ﬁﬁ ReldlitcrientPacasiof Porgt i AFANeRS-of O ai ms 110

wherein the 106 myd dgham &Péﬁﬁ?ﬁfm Tos &?ﬁ%%ﬂ?{h%%aﬁfé?‘iﬂd@ %?_I']-f_t(e){?n@& Githéh a

phar maceutical. 112. The flormJ atron o alns 109 to wherein the 100
m | | i gr aticdaseordpacdsor pephef s rhigrdshieerecont ai ns 2% sugar. 113. The

formulation o of the.abo cl aj where the. active phar uti cal
naredrent i o %6 edhanieusr St TN oREh fe ot R oPRR RS gue

t her epf . inlektbr sgdtes bOpdrd Gt th@mi@bsRyesof the above clainms wherein the
patient or su% ect receiving the fornmulation is human. 115. The fornul ation

of any one of 1@hellprieungagorpianysiiesteive clares whetcosibh apegqesns, non-

essential |y .pf. a poly(lact.i de-co-gl ycold pal ymer i j spersed

Cherei n ithifesg el PCAERRE SLEOHER I 0037 HEB AT Bt BRRLAE  ane
about 2%K w 80 coChi®asD crhereich. the ratio of |actide:glycolide in the
polymer is about 1:1. 116. The fornulation of C aim 115 wherein the pol yner
i s 50:50 DL PL&. 4 fenmulatipieof agpyrafithe shone shimnyheisen piustaedgelsgseads cl ai ns

ther 2 0SS ISR I ARBYcS, R UNGH DL RO gy oov 2%
wher ei n whek, ive meskh enemopthothireemanthabt onofecamax t o Cave of about 3 or |ess
and the total 16 The' ol‘nlillrlrlgtiglg 0 aqgl 0 -tl(l:era SOF\)]Q% atns {V er%glot teagtivle /g or less.
pharmaceutical ingredient does not result in a circulating level of active pharmaceutical
ingredient exceeding 400 pg/ml during the first 24 hours following administration.
15 108. The formulation of any of the above claims wherein the active
pharmaceutical ingredient does not result in a circulating level of active pharmaceutical
ingredient exceeding 350 pg/ml during the first 24 hours following administration.
109. The formulation of Claims 106 to 107 wherein a 100 milligram dose of
microspheres is administered.
20 110. The formulation of Claims 109 wherein the 100 milligram dose of
microspheres contains 3-5% active pharmaceutical.
111. The formulation of Claims 110 wherein the 100 milligram dose of
microspheres contains 5% active pharmaceutical.
112. The formulation of Claims 109 to 111 wherein the 100 milligram dose of
25  microspheres further contains 2% sugar.
113. The formulation of any of the above claims where the active pharmaceutical
ingredient is an exendin or exenatide or an agonist peptide analogue thereof.
114. The formulation of any of the above claims wherein the patient or subject
receiving the formulation is human.

30 115. The formulation of any one of the previous claims wherein the microspheres

consist essentially of a poly(lactide-co-glycolide) polymer having dispersed therein about
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5% (w/w) exenatide as active pharmaceutical ingredient and about 2% (w/w) sucrose;
wherein the ratio of lactide:glycolide in the polymer is about 1:1.

116. The formulation of Claim 115 wherein the polymer is 50:50 DL PLG 4A.

117. The formulation of any one of the previous claims wherein the microsphere
contains about 3 to 5% (w/w) exendin-4 and about 2% (w/w) sucrose.

118. The formulation of any one of the previous claims wherein the microspheres
provide a ratio of Cpmax to Caye of about 3 or less and the total pore volume of the

microspheres is about 0.1 mL/g or less.
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