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The instant application contains a Sequence Listing which has been

submi t t edwonoRBCG196f or mat vi a EFS-Web and i s her eby i ncecparsatied4isyo
reference inits entirety. Said ASCI|I copy, created on May 18, 2012, is
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[ 0001] The present invention relates to gel conpositions conprising at |east
one active pharmaceutical ingredient selected frompramintide, a

pram intide anal og, netrel eptin, a netreleptin analog (API) and at

| east one phosphol i pi d. PreferadF@QﬂPﬂgoﬁgﬂn conposi tions allow for

sustai ned delivery of at |east one APl by no nore than once daily

i njection. BACKGROUND OF THE | NVENTI ON [ 0002] Leptin is a neurohornone that
is predom nantly secreted by adEQUBNEE [A8TING nds to receptors in the
hypot hal anus. Leptin plays a key role in regulating |ong-term energy
homeogy I . t Qt: r
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metrel eptin, een.studi e ofentiagl fr ment for obesity, type 2
di abet® daOrYHlO[ 62{1%})@%’661?191.@81?8%%%%%“ g5 %O%EEWH@%WDHG co-secret ed
with insulin by pancreatic beta cells after nutrient ingestion whose

pri mary physi ol ogi cal rol es Flkdl OE THHeINWENGI®Non of f eedi ng behavi or and
gastric enptying, and subsequently reduced body weight, as well as |owering
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response to neals, its overall effect is to slow the rate of appearance
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satiation, reduce food intake, and elicit durable weight |oss in obese
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have shown that a conbination of netreleptin, and pramintide is effective
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formul ation, both netreleptin and pramintide have short elimnation
hal f - Ihewes-df:ﬁélbnn/hun@na cshibit aet\&r@hmsrphagfamlnd @mfoﬁmt olmsaycpdzlach tol beowvergedaby
subcutaneous injection in rats ncentratio ne Leleptln
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i njections I'njectrons pe y, in order to tain their
concenippaydtepsy.i n bl ood at the efficacious levels. A formulation capable of
sustai ned delivery of netreleptin and/or pramintide and thus allow for no

nore than once daily injection is desired.
[0003] Amylin is a peptide hormone co-secreted with insulin by pancreatic beta cells after

nutrient ingestion whose primary physiological roles involve the inhibition of feeding behavior and
gastric emptying, and subsequently reduced body weight, as well as lowering meal-related blood
glucose levels. Secreted from pancreatic beta cells in response to meals, its overall effect is to slow
the rate of appearance (Ra) from the meal, which is mediated via a coordinate reduction of food
intake, slowing of gastric emptying, and inhibition of digestive secretion (gastric acid, pancreatic
enzymes, and bile ¢jection). An amylin analog, pramlintide, has been shown in several clinical trials
to increase satiation, reduce food intake, and elicit durable weight loss in obese individuals (Am J

Physiol Endocrinol Metab. 2007 Aug;293(2):E620-7. Epub 2007 May 15).



[ 0006] This invention relates to gel conpositions conprising at |east one
active pharmaceutical ingredient selected frompramintide, a pramintide
anal og, meOrel2pPvion, and a netrel eptin anal og (API) andPat/use@zidsne
phosphol i pid, that are capable of form ng a depot at the subcutaneous
injection site and subsequently prolong the action of the active agent(s)
by releasing it into surrounding tissues fromthe depot reservoir slowy
over time. A release profile of no less than daily, such as a 1-day rel ease
profile or up to a 7-day depot release profile, which enables a once-a-day
or up [890 Ance- aV\Reth dIMi@eLtudRs AERERBLA thdt ABRBIdAYISh b mdRbicptianhi ghly
desirabl e for conveni ence and better patient conpliance.

[ 0007]Phosphdd is sifdetivarie redhicingal ¢ightoe obescipagergsi fsdloamegsubicntandyars iy aetionbody
and are . constituent.s of nbr anes €. ules. have an
cot ab) TN TP LR AP L B e S eishBlesn B BT Ry oA OB GRT SPTRE oy ect ed
nedlcunmsseamgﬁ@hthgldﬁyanﬁmglso generally insoluble in water or agqueous
body fluids. Upon injection into a tissue, phospholipids can precipitate
and trap a co-adm nistered drug to form a drug-phospholipid co-precipitate
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inprad@ﬁu@k:ﬁmnmg@nema¢mnﬂdﬂmapmu$Eaammumeé|nltely not suitable for

sel f-adm ni stration. Therefore, acceptable injectability using fine

hyper dgggmc needigsHHdapidRaRMaAARY Bedivisl QILBGLAYERA M RNARAPhhPbdshd rom
becomi ng useful depot materials. This invention discloses phospholipid gel
conposiaPigessiiieris e fieghrhemhigngs. gblsde mejasulcabiyd anyestabiishaderecasd vheafrycedt abl e
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APl's such as netreleptin or praniintide are only soluble in water, but not

in t hereaniamingd i oeq-admiicredarugite Samvedipgodhigiolipidre-Preeipitte el as
pr ot eigfsioi UG ¢h dAEAtS Ovepfithe Ahis Tads @ cfii%&%ﬁ i esds%W ﬂt L GNP AluEONt act
with an organic sol vent I’ ke et hano erefore, een I MpoSsi bl e to
manuf aat/or & degpldod pi phoqphdhlhms edhigels aIICHthﬁmB drmgl‘tmtwthtcmghomrth@bm thixe

conventi on sol vent hods or ot her th ds closed jn the prior art
Wi t ho&iovm@iy PRPRP OIS el Pievead eaﬁ%ef %F framﬁddim%:ez}/@cﬁ@d& See WO

2006/ ,
Ti eneseaen S*f@fsdwﬂl Ao R e Ton O iy PREpERgRatipis
Bi ophar maceutics Vblune 58 (2005), pp 587-593). This invention teaches a
met hod whi ch uses an oil-in-water WD 2012/170796PCT/ US2012/ 041519 enul si on
(instead of a solvent that can damage fhe APIs) to dissolve both the
phosphol i pids and the APIs and to forma uni form gel. [0010] Anot her hurdl e
in the production of phospholipid depots relates to the difficulty in
preparing a sterile depot suitable for injection. Many drugs are

heat - sensiti ve and cannot survive heat sterilization (e.g., autoclaving) or
radlatlon sterlllzatlon ThIS |s espeC|aIIy true for blologlcal drugs such

oy o, Y o




| east one active pharmaceutical ingredient selected frompramintide, a
pram intide anal og, netreleptin, and a netreleptin analog (API) that are

t hi xot r opwo 2aredi7am9e i nj ect abl e t hrough fi ne needl es. TheCprss@n4ismyent i on
al so provides nethods for preparing sterile phospholipid-based depot gels
that do not use any solvent that can damage the APIs, including netreleptin
or pramintide. Advantageously, the phospholi pid-based depot gel (or "gel")

provi des. a prolonged circulation, ti i |.as for th t | east one AP
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a gel conposition, conprising: at l'east one active

phar mepbesrthiobpid-thaset edinanitionel ect ed from pram intide, a pranlintide anal og,
metreleptin, and a netreleptin analog (APlI), 20 to 40% by wei ght of one or

nmore pogosphol i piTdg.inventdds BA% diycovericd iat thigh dReédimiehaid) Jocd@byseride oil,
and 10 to 56% by wei ght of water or a solvent, W ) )
2012/ Phowdebrrs szoeRlly4agigd in order to form theyapssithat pgrmaityddpot Bipbeialiton i s
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[ 0013]coh@ogitiens bedonicl vigitk,ivistoad sl diffauitde snjemtirodsh fins ngudepavithogt sanglargel

conpositions. [0014] The present inventionhg%i89§rovides génethod for wei ght
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i nj ecti'ng subcut aneous osition di scl osed herern at a
f r equehosphslipids dssanakindaopyicnagiven! ethanyl, 8il.dadsnedmno ehaueilyreSpaaysly.
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t hi xotchRRingiohdtIhFpodermidlicalt dnd s@rifles Tt RAuRELRBFt Hard 00 NGRRShs (cquivalent to
extrudability/injectability through a fine needle. In contrast, the sane

conpogboitaisioragtpenngs ep fnredtomyxtkAoRhoset thovughrat 2 Xet-hodslong asedle fipm & hiek
ot R b b Tl RRER Bhea PSR G o
wi |l hegadel M 6f thPPREANbased depot through a 26G needle even using a very high force —
which is impractical for general medical use and definitely not suitable for self-administration.
Therefore, acceptable injectability using fine hyperdermic needles has been a main hurdle
preventing phospholipids from becoming useful depot materials. This invention discloses
phospholipid gel compositions with surprisingly good injectability that meets the Acceptable

Injectability Criterion, as defined herein.

[0009] Another difficulty working with phospholipids is that phospholipids are only
soluble in certain organic solvents (e.g., ethanol) or oil (e.g., vegetable oil) while APIs such as
metreleptin or pramlintide are only soluble in water, but not in the solvents or oils that can
dissolve phospholipids. Furthermore, as proteins, some APIs, such as metreleptin, are damaged
quickly upon contact with an organic solvent like ethanol. Therefore, it has been impossible to
manufacture a phospholipid-based gel containing a protein drug by the conventional solvent
methods or other methods disclosed in the prior art without having the solvent-sensitive drugs
precipitate or degrade (See WO 2006/002050, US 5,807,573, WO/1994/008623, US 5,004,611
and Harry Tiemesseen, et al. (2004) European Journal of Pharmaceutics and Biopharmaceutics

Volume 58 (2005), pp 587-593). This invention teaches a method which uses an oil-in-water



when read with the acconpanying detail ed description and the figures that
follow WD 2012/170796PCT/ US2012/ 041519 BRI EF DESCRI PTI ON OF THE DRAW NGS
[ 0018] FI GvoRostowmet he t hi xotropi ¢ property of F-210 (FipguruS2aAp4emneg F- 211
(Figure 1B) gel conpositions according to EXAMPLE 3 and 4, respectively.
[0019]FIG 2 illustrates prolonged plasma concentration-versus-tine
profiles of netreleptin and pramlintide in rats foll ow ng a subcutaneous
injection.of .the F-27 (Figure 2A and 2B), F-107 i gure. 2C an D), an
b0y it ah gl SobienEibh el ses oSk Odran i SobT ek erRo Bty Mha 1
respeghd Xeldandit® f&GRIPakik dio a solution formul ation containing the sane
dose of netreleptin or pranfintide. The study details are given in EXAMPLE

9. [O |G 3 shows,a representative dnjecti.on force versus ti rofile
For CRETL S £ SO aBediF B 5 SReRhsotpa ool B S W e DB PR
(depi ghr@friag atsheilYdest suitaBRUSE iny&tival Mesyidadisead Beapy&hithe shakemot BEEREsary
to eject the gel froma 1 cc syringe through a 25G 1/2 inch |ong needl e at
rate GPatSEHIZAToN brautqohyinglogxgdiationmpterjlzatiene chhis Trspersllyritin br ces
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WO 2012/ 170796PCT/ US2012/ 041519 DETAI LED SCRI P'I(')I ON OF THE | NVENTI ON
| . Def iMFTRRTERGIOTOmO DS Al MiERbIlcopiRat it UVl 24-Hyr SaPwhepidSontent, fcogi cal | y

activey; ; i ot : j cial
phar el o AT ey Db AR P ey BRIy o picRli=lol ¥ AT
conpoditeradors, tesovénted alserteiches atiqueeasthodnfer acpanes phathabcauid tatlized by
ingredient selected frompramintide, a pramintide anal og, netreleptin,
and a &M% eptin analog (APlI) is provided. Preferably, the gel
conpositions conprise pranmintide. In sone enbodi nents, praniintide and
nmetreleptin are provided in the sanme gel conposition.

BRIEF SUMMARY OF THE INVENTION
[0011] The present invention provides phospholipid-based depot gel compositions of at
least one active pharmaceutical ingredient selected from pramlintide, a pramlintide analog,
metreleptin, and a metreleptin analog (API) that are thixotropic and are injectable through fine
needles. The present invention also provides methods for preparing sterile phospholipid-based
depot gels that do not use any solvent that can damage the APIs, including metreleptin or
pramlintide. Advantageously, the phospholipid-based depot gel (or “gel”) provides a prolonged
circulation time in plasma for the at least one API following a subcutaneous injection and allows

for no more than once-a-day injection.

[0012] As such, in one embodiment, the present invention provides a gel composition,

comprising:

at least one active pharmaceutical ingredient selected from pramlintide, a
pramlintide analog, metreleptin, and a metreleptin analog (API),

20 to 40% by weight of one or more phospholipids,

5 to 30% by weight of a medium chain triglyceride oil, and

10 to 56% by weight of water or a solvent,



[ 0023] The gel conpositions generally conprise fromabout 0.01% (wWw) to
about 50% (ww) of the at |east one APl (based on the total weight of the
conposi t iwaR012AGn79exanpl e, the anount of APl can be fromCahiseda120459% (W w)
to about 30% (ww) of the total weight of the conposition. The anount of
APl wi ||l vary depending upon the desired effect, potency of the agent, the
pl anned rel ease | evels, and the tine span over which the drug will be

rel eased. In certain enhodjnents,. the ra of |oadipg,is between about
015 (or'w) Lo aBUUTO 598 gl DR e ARSI ApaHE b ode b b et Lo about
5% (W a QTccsy QM3 AR AR ex k18ibPrabbOt I ¥Y ¥ aplRQ2GLYBERL Mg AEA 90 S
pramintide or a pramintide anal og, suitable release profiles can be

obt ai M&wtedeen the drug is | oaded at about 0.1% (ww) to about 0.5% (W w),

i ncluding at about 0.1% (ww) to about 0.3% (wWw), at about 0.1% (ww), at
about 0.2% (ww), at about 0.3% (ww), and preferably, at about 0.28% (w w)
or at [@dyt 0. 14%cprseht inVieidntahe phsdiddssmembdselof PlchiriQ sadd PRICORIpBHtiIbIY.

anal og, suitable release profiles can be obtai ned when the APl is | oaded at

about % (W w . 0% ad ' - t. L. 0% (wWw to
about @Ogﬂﬁ (w wﬁhteg’{ @sgﬁtgh}ze]r%o 8&25%%%1?%&%%%%? &2&%8}3} ?%%v%y]l njfa%f/ ﬁrgagbout 3. 0%
(W w) subdutaieoudly 4 gfloowlositionandisalosabledatins. 0% (W w) . Preferably,
metreleptin or a netreleptin analog is | oaded at about 2.0% (w w) or about
4. 0% . A r i gel it i : erein

i ncl ugg\é%’%com?/ﬁ%ﬁ?‘ﬁgﬁﬁvﬁgﬁﬁgﬁ I&qu%tai%?ﬂﬁg gdé‘kﬁ mn%géggﬁllr%gjt%r@g?é;pti n, and
met r elselptutancandy ogsl covgtosioe ps discloscdireranal o fregicnoyech dsepre-dailgmdcedras been
studied a otential treatnent for besitg, type, 2 di abetes, and WO
2012/ £ 6B VEIGL I AL PIF STy 4 PIPHRACHRTY & Lo WOREETY K51 ovi ng
anm no yasi-g.vsequence (SEQ ID NO 1): MVPI QKVQDDTKTLI KTI VTRI NDI SHTQSVS
SKQKVTGLDFI PGLHPI LTLSKMDQ
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i n thevigel isQQ¥pRed prop&isy R gbb®cttindaBility?ihjdchublilitg €hro 0FIPO BAEl fedd®y | NG odtradt east
80% sequence identity to SEQ ID NO 1 and_having leptin activity. In sone
enmbodithieying conmessiontiavhes Prensred Ryknosvnprigijag mefBodsarryelt gotdckanotes fhat ame

enbodi - - i ' [ it hi - e 80% 90% More
prefePgﬁp%EQ%%agﬁaﬁg%ﬁgggh%ﬁgg%hgéhgﬁhﬁgggk&gﬁﬁgn%%‘d or 95% am no acid
sequence identity with the SEQ ID NO|. The netrel eptin anal ogs may al so
conpr 168 % onser \?ﬁ‘@?%@d&t‘?ﬁ&ﬁp%% ShieGia G EMBRT RIS SCY ] DSAEE mog FRHEN!

(Incl 4eHGeRO0nA e HoBlmARy 10, A&l @0SickioR 14 PclRh M )hadiBfg¢] The term
"leptin activity” includes I'eptin binding activity and leptin functional
activity. The skilled artisan will recognize netrel eptin anal og conpounds
with leptin activity using suitable assays for measuring | eptin binding or
| eptin functional activity. Metrel eptin anal og conpounds can have an | C50
of about 200 nMor |ess, about 100 nMor |ess, or about 50 nMor |ess, or
about 5 nMor less, or about 1 nMor less, in a leptin binding assay, such
as that described herein. The term"IC50" refers in the customary sense to
the half maxi mal inhibitory concentration of a conmpound inhibiting a

bi ol ogi cal or biochem cal function. Accordingly, in the context of receptor
bi ndi ng studies, 1C50 refers to the concentration of a test conpound which
conpetes half of a known ligand froma specified receptor. Metreleptin
anal og compounds can have an EC50 of about 20 nMor |ess, about 10 nM or

| ess, about 5 nMor |less, about 1 nMor less, or about 0.1 nMor less, in a
| eptin functional assay, such as that described herein. The term "EC50"
refers in the customary sense to the effective concentration of a conpound
whi ch i nduces a response hal fway between a baseline response and maxi num
response, as known in the art. [0028] An exenplary |leptin binding assay
follows: leptin binding can be neasured by the potency of a test conpound
in displacing 1251 -reconbi nant-Leptin (murine) fromthe surface nenbrane
expressing chineric Leptin (Hu) - EPO (Mi) receptor presented by the 32D
OBECA cell line (J Biol Chem 1998; 273(29): 18365-18373). Purified cel
menbr anes can be prepared by honopgeni zation from harvested confl uent cel
cul tures of 32D OBECA cells. Menbranes can be incubated with

1251 -rec- Muri ne-Leptin and increasingf§oncentrations of test conpound for 3
WO 2012/ 170796PCT/ US2012/ 041519 hours -at anbient tenperature in 96-well

pol ystyrene pl ates. Bound and unbound ligand fractions can then be
separated by rapid filtration onto 96-well G-/ B plates pre-bl ocked for at

| east 60" in 0.5% PEI (polyethyleneimne). G ass fiber plates can then be
dried, scintillant added, and CPM determ ned by reading on a nultiwell

o, . e o 5 ~Nnsnesn1 AN



STATS (Signal Transducer and Activator of Transcription 5) can be nmeasured
follow ng treatnment of 32D-Keptin cells ectopically expressing chineric

Hu- Lept i rwbloBAM™eceptor with a test conpound. The 32DPKeftszeo2oeishs
(identical to 32D OBECA cells but maintained in culture with leptin) can be
| eptin weaned overnight and then treated with test conpounds in 96-wel |
plates for 30 mnutes at 37C foll owed by cell extraction. The pSTATS5 | evels
in the cell lysates ca i i t i El mer Al phaScreen(r)
SureFire(r) pSTAT5 assgﬁgﬁf?ﬁ#ﬁﬁgbgggN%%%&%Eﬂgﬁﬁiﬁ oxi pl ateTM 384 Pl us).
The efippmacy of HIEsh sGOWPANERoEEHC BRRAY OF FINGJFIBIATAYadR21 heripasi mal
signal incell lysates fromcells treated wwth Human leptin. B.Pramintide
[ 0030]I B geh@mmsivos hedootisg th EXARIE Aenéinrespestivelg. prani i nti de and
pramintide anal ogs. Pramintide is a synthetic hornone and an anal og of
human [eend|i n. PR, 2Nl csgsolaRRIII@HaontheraiBR veRuMimRHra@Sef and i s
comercially avail able as an injectable drug sold under the brand nane
SYMLI| NeStrefapaifand pr el intisle i e fOéljpwumwhqgtam% dngttignsd éhg Bvd|(Bigues 34 eat
patie htrh i , hpt | ' - r t to
reducg£§§ ]ﬂé§%ﬁﬁgﬁﬁﬁgﬁwﬁéﬁ§aﬁ%%ﬂ%?ﬁﬁﬁﬁg%gﬁagﬁgﬁi%%§°ﬁ§g 1%%&”%@@%%§§d for
tr eat iHIADIPES &,V addd , e3psdtivylyl 8 @ihngaridosordehgionFoanilhtidn caitditiag thesame
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| C50 of about 200 nMor |ess, about 100 nMor |ess, or about 50 nMor |ess,
in an anylin receptor binding assay, such as that described herein, in US
Patent No. 5,686,411, and US Publication No. 2008/ 0176804, the disclosures
of which are incorporated by reference herein in their entireties and for
all purposes. Pramintide anal og conpounds can have an EC50 of about 20 nM
or less, about 15 nMor |ess, about 10 nMor less, or about 5 nMor less in
a sol eus muscl e assay, such as that described in US Patent No. 5, 686, 411.

[ 0033] An exenplary anylin receptor binding assay foll ows: RNA nenbranes can
be i ncubated with approximately 20 pM (final concentration) of '251-rat
anylin (Bolton-Hunter |abeled, PerkinEl mer, Walthar3i, MA) and increasing
concentrations of test conpound for 1 hour at anbient tenperature in, for
exanpl e, 96-well polystyrene plates. Bound fractions of well contents can
be collected onto a 96 well glass fiber plate (pre-blocked for at |east 30
mnutes in 0.5% PElI) and washed with 1 X PBS using a Perkin Elnmer plate
harvester. Dried glass fiber plates can be conbined with scintillant and
counted on a nulti-well Perkin Elnmer scintillation counter. [0034] The
phrase "Acceptable Injectability Criterion” as used herein includes
guantitatively defining a fornmulation that requires an applied force of no
nore than 90 Newtons (or 18 pounds force) to extrude the formulation froma
1 cc syringe through a 25G 1/2 inch long needle at rate of 2 cc/mn. The
"Acceptable Injectability Criterion" defines the nmaxi mum force acceptable
for a typical subcutaneous injection. [0035] The term "acidifying agent”

i ncl udes a pharmaceutically acceptable acid such as hydrochl oric acid,
acetic acid, and sulfuric acid, and the |ike.



WO 2012/ 170796PCT/ US2012/ 041519 [ 0036] As used herein, the term "al kali zi ng
agent" includes a pharnmaceutically acceptable base such as sodi um

hydr oxi dewopot2agsisam hydr oxi de, anmoni um hydr oxi de, | ysiPag/usasigionisne, and
the Iike. [0037] As used herein, the term"antimcrobial preservative or
preservative" includes a pharnmaceutical additive that can be added to an

i nj ectabl e pharmacol ogi cally active agent and be used to inhibit the growh
of bacteria and fungi. The antim crobial preservatives useful in this
invention include, but are not Iimted to, cresols, phenol, benzyl al cohol,
et hanol , chl orobutanol, parabens, im dura, benzyl konium chloride. [0038]As
used herein, the ter RETNAFE DESCRIBEEMIN OILBHEANVANHOdbsent of water. For
exanp hydrous gel nmeans that the water content in the gel is |ess

t han 2%;[;béy] W% less than 1% or nore preferable | ess than 0.5%

[ 0039] As used herein, the term"antioxidant” includes primarily reducing
agent §002Bhe redugi mna@plﬁurﬁlam‘cul ingradichi’ss b moecsgwamly dcticd tsigpouddithamhes not
limted to, ascorbjc acid or salts thereof, ascorb pal mtate, sodium
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0043] As used herei the term"a fine needle" or "fine hypoderm c needle"
|[ ncl uk‘é(éwbor about 4. O% (W/W) yp

A, Metreleptin
[0025] The gel compositions disclosed herein include recombinant human methionyl

leptin, also known as metreleptin, and metreleptin analogs. Metreleptin is an analog of human

leptin, and has been studied as a potential treatment for obesity, type 2 diabetes, and



smal | -di anmeter, hollow needle that is used with a syringe to inject

subst ances into the body. The outer dianeter of the needle is indicated by
t he needlwogageo®ystem According to the Stubs Needl e GaUFS2612985Mmy
hypoder m ¢ needl es in common nedi cal use range from 7 gauge (the |argest)
to 33 (the smallest). The word "fine," as used herein, includes needles
ranging from 21 to 33 gauge (G, preferably 25G to 31G and nost preferably
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using suitable assays for measuring leptin binding or leptin functional activity. Metreleptin
analog compounds can have an ICs, of about 200 nM or less, about 100 nM or less, or about 50
nM or less, or about 5 nM or less, or about 1 nM or less, in a leptin binding assay, such as that
described herein. The term “ICsq” refers in the customary sense to the half maximal inhibitory
concentration of a compound inhibiting a biological or biochemical function. Accordingly, in
the context of receptor binding studies, 1Cs, refers to the concentration of a test compound which
competes half of a known ligand from a specified receptor. Metreleptin analog compounds can
have an ECsy of about 20 nM or less, about 10 nM or less, about 5 nM or less, about 1 nM or
less, or about 0.1 nM or less, in a leptin functional assay, such as that described herein. The term
“ECsq” refers in the customary sense to the effective concentration of a compound which induces

a response halfway between a baseline response and maximum response, as known in the art.

[0028] An exemplary leptin binding assay follows: leptin binding can be measured by
the potency of a test compound in displacing '*’I-recombinant-Leptin (murine) from the surface
membrane expressing chimeric Leptin (Hu) — EPO (Mu) receptor presented by the 32D OBECA
cell line (J Biol Chem 1998; 273(29): 18365-18373). Purified cell membranes can be prepared
by homogenization from harvested confluent cell cultures of 32D OBECA cells. Membranes can

be incubated with '*’I-rec-Murine-Leptin and increasing concentrations of test compound for 3



o(CH2)"CH3 O(l) wherein each x is independently 4, 6, 8, or 10. Wien X is
4, the chain is referred to as a C6 fatty acid. Wen x is 6, the chain is
referred wo20/190@8 fatty acid. Wien x is 8, the chain iPSTrISR@RI0EFI20 as a
Cl0 fatty acid. Wen x is 10, the chain is referred to as a Cl2 fatty acid.
In various enbodi nents, each x is the sane integer; tw x are the sane
integer and one x is a different integer; or each x is a different integer.
[0048] The skilled artisan.wi)| appreciate that _a m xture of medi.um chain
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substantially all of the mediumchain triglycerides obtained from
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conpriig@ge0 to 2 W% C6 fatty acid, 50 to 65 % C8 fatty acid, 30 to 45
wo% C 0 fatty acid, and 0 to 2 wt% Cl2 fatty acid, and which is
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fatty acid content of the triglycerides.” [0050] The term "Phosphol i’pi d- based
gel , " SOATY@ignahransdbchardeA aivatelaf desnscrnpimep@reenbe naasured fdlomtingor opaque

sem-soljd ma t .conprises 20-40% phosphol.i pjd n t he
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used herein, the term"pH buffering agent” includes a pharmaceutically
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herein, the term“solvent” refers to non-aqueous urds that are suitable
and safe for subcutaneous injection. For exanple, a solvent can be

propyl ene glycol, glycerol, sorbitol, polyethylene glycol, or mxtures

t hered. Th@rmandingideed sol vent is glycerol or glycerin.

[0030] The gel compositions disclosed herein include pramlintide and pramlintide
analogs. Pramlintide is a synthetic hormone and an analog of human amylin. Pramlintide was
approved by the FDA in March 2005, and is commercially available as an injectable drug sold
under the brand name SYMLIN®. Pramlintide is used for lowering blood glucose levels to treat
patients with type 1 and type 2 diabetes. Pramlintide is also reported to reduce body weight in
animals and/or humans, and thus has been proposed for treating obesity and obesity-related
disorders. Pramlintide has the following amino acid sequence (SEQ ID NO:2):
KCNTATCATQRLANFLVHSSNNFGPILPPTNVGSNTY.

[0031] Pramlintide analogs contemplated in the gel compositions of the invention include
compounds having at least 80% sequence identity to SEQ ID NO:2 and having amylin activity.
In some embodiments, the sequence identity is within the range 80%-100%. In some
embodiments, the sequence identity is within the range 80%-90%. More preferably the analog

sequence has at least 80%, 90%, or 95% amino acid sequence identity with the SEQ ID NO:2.



[ 0054] As used herein, the term"solubilizing agent” includes primarily
surfactants such as pol ysorbate 80. [0055] As used herein, the term
"stabili 2&8020i2mob19des a pharmaceutical |y accept abl e cherczalsgsohatsi{1l) are
capabl e of decrease solubility, (2) alters release rate, or (3) increases
stability of the APl . For exanple, zinc chloride forns insoluble crystals
with nmetreleptin and causes the netreleptin to rel ease slowy. [0056] As
used rein, i ncludes a safe and bi oconpati bl e car.bohégrate agent

.a."sugar"
t hat tpé%ﬁﬂémﬂ*?é‘ngﬁﬁ%méﬁﬁ SQICBRPHET FHGCTPUYIY TN PV 4T Ay R A¥Ydi scret e

and suyfbdtieel{dR (RbludHeRhaladuralieins H&aS Snd'EahdD fohs)t hi s invention include
nonosacchari des, di sacchari des, polysaccharides, poly-ols, dextrins,
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| act osgonibtrastvog eThxsMilbsiegrtismowitisecognizipabroBetidermnlogempoahdsosieh ardgbd r ose,
dextran, or a mxture thereof In.certain er;tg)gldi ments, t referred sugar
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but becone thin or | ess viscous over time when WO

2012/ 2P0 196 POTALIEROR 200 4Mba0lesth enatedlt 5@ hixkericssom axdmyltedcdpfortinding A

t hi xotropi c gel .exhibi.ts st abl or m.at ut re.injectable
when_ et telgy rEkdeibdL Rl B PG S B4 1 i B P B B e 1
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conposition, conprising: 2 to 4% by wei aht of netreleptin 0.14 to 0.28% by

wei ghtangforgllnurpases. dBrapdintide audebHOmRIUGHE casf haypen FiCsnel abophdbpMatilpisds 5 to
é?% wg %ﬁg%ﬁ‘ﬁ' l%q;[M %]; 1e%s,r£%91'1t%‘ Iﬁ\qa&%gsf 6194%%? 5 'nfé/f‘ o?ielss in@%lé’u@ Iﬁl%cﬁe%%gagy s 9 ht

as that described in US Patent No. 5,686,411.

[0033] An exemplary amylin receptor binding assay follows: RNA membranes can be
incubated with approximately 20 pM (final concentration) of '*’I-rat amylin (Bolton-Hunter
labeled, PerkinElmer, Waltham, MA) and increasing concentrations of test compound for 1 hour
at ambient temperature in, for example, 96-well polystyrene plates. Bound fractions of well
contents can be collected onto a 96 well glass fiber plate (pre-blocked for at least 30 minutes in
0.5% PEI) and washed with 1 X PBS using a Perkin Elmer plate harvester. Dried glass fiber
plates can be combined with scintillant and counted on a multi-well Perkin Elmer scintillation

counter.

[0034] The phrase “Acceptable Injectability Criterion” as used herein includes
quantitatively defining a formulation that requires an applied force of no more than 90 Newtons
(or 18 pounds force) to extrude the formulation from a 1 cc syringe through a 25G ' inch long
needle at rate of 2 cc/min. The “Acceptable Injectability Criterion” defines the maximum force

acceptable for a typical subcutancous injection.

[0035] The term “acidifying agent” includes a pharmaceutically acceptable acid such as

hydrochloric acid, acetic acid, and sulfuric acid, and the like.

10



wherein said gel conposition is extrudable through a 25G 1/2 inch | ong
needle froma 1 cc syringe at an extrusion rate of 2 cc/mn by an applied
force of wo2nreohan 30 Newt ons. [ 0059] The present i nventriuseoiaiogsipr ovi des
an anhydrous gel conposition, conprising: 2 to 4% by weight of netreleptin
0.14 to 0.28% by weight of pramintide 20 to 40% by wei ght of one or nore
phosphol i pids 15 to 30% by wei ght of a mediumchain triglyceride oil, and

25 to % by wei ght | ycerin . . . Wherej.n said gel conposjtion is

et r odUB16L Y hr odiissd befin 5 e felkefizipar it an b HaEE e At an
ext r USb@ptdbid Bas@kuch £G6MuMh Rr&NdapRldsEIm /e i®Y, aRPndMRIE hi MadRide0ydawt ons.

[ 0060] The present invention also provides a gel conposition, conpfising: 2
to 4%ahgininei aidtthofikeret rel eptin 0.14 to 0. 28% by weight of pramintide 20 to
40% by wei ght of one or nore phospholipids 5 to 10% by wei ght of a nmedi um

chai n [0637y! ycer iAdeusell herca theddrnk Cand@iedpidpicgbvamdfc @ pr&eriative Vibkludes a
2012/ 170796PCT/ US2012/ 041519 wherel n said gel conposition is

ext r udapmeacewi@laddiavothe canbeiadde fosmgniseleblic@hpingreolpgically: aghre agget aad bgn
extrusj r.at.e. i . |. i f f 9 Wt ons.

Foosir o eahiBisdhs Gofift B PicktisAla PRRL B {oBbfio Bl AR FRUR S DR 8

sel ectihwntioh irelylepbyiaed hqilahitedrto Usesols) phdiel,depoil abohplosihbhcinchlo®ba@her m ned
by abili%y of the Bhos hol i pi d tg (1) forman oil-in-water erulsion and

mai nt ARFROEMe BIMMIA, deRzypiosiui chlgrifer ough t he manufacturing process and
afterwards in storage, (2) be chemcally conpatible with the

phar mrd@@8pgi cal 1As wed hereing gerternafahhidjoupt meamdessubstentcdlyiabsoht dEpeater.oFor

sustai ned rel ease properties for the pharnmacol ogically actjye agent.

Cor AT EB T H A SRS B OSSO DN S B UEel e LRy bdre HEDllgst
such aganPORGr aftkle PRGN csfMhalPldognal  phosphol i pid or phospholi pid

conbi nation for a depot conposition can be selected using the physical and

Sl C[(%39? creen iAnsqusteg ﬁgl‘eﬂl? %hhqursrn ka{]n ivomglci({[agt”tirrllc lslc(i:‘\esSp‘fr1jr1|1a|1r1(:f3(1j reidﬂci%g %geanrtg. "The
reducing agents useful in this invention include, but are not limited to, ascorbic acid or salts
thereof, ascorbyl palmitate, sodium metabisulfite, propyl gallate, butylated hydroxyanisole,
butylated hydroxytoluene, tocopherol, methionine or salts thereof, citric acid or salts thereof,

reducing sugars, or mixtures thereof.

[0040] As used herein, the term “aqueous phase” includes a water solution containing
pharmaceutically acceptable additives, such as acidifying, alkalizing, pH buffering, chelating,
condensing and solubilizing agents, antioxidants and antimicrobial preservatives,
tonicity/osmotic modifying agent, other biocompatible materials or therapeutic agents. In certain
embodiments, such additives assist in stabilizing the pharmacologically active agent and depot

compositions and in rendering the compositions biocompatible.

[0041] As used herein, the term “depot” refers to phospholipid-based gel composition
that is capable of releasing at least one API in a slow or controlled manner into the surrounding
tissues to achieve a prolonged duration of action, in comparison with an aqueous solution of the
API. A depot composition may be administered by injection, instillation, or implantation into
soft tissues, a certain body cavity or occasionally into a blood vessel with injection through fine
needles being the preferred method of administration. A depot of the present invention is

intended to provide (1) convenient or less frequent dosing, such as once-daily, once-every 2
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[0062] I n anot her enbodi nent, the gel conpositions of the present invention
conprise 20-40% by wei ght, 22 to 35% by weight, and nore preferably 24 to

30% by wewghmwi2frome phosphol i pid such as 20, 21, 22, 23, PRA/US2E2/026:19 27, 28,
29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39 or 40% by weight of a

phosphol i pid or a m xture of phospholipids. [0063]1n one enbodi nent, a gel

conposition of the present invention conprises 10-60% water by wei ght.

[0064] I n a yet angther enbodi t, the gel osi tions t he present

| nventhEn CBRBYTS HOuPUIT oI § de GRS arruS QBT ShorEog i PEgtce
concenfdeRt (29 Bro¥énddB LA, @mh@rweughﬁé%ﬂd% (9) betle? dl%gte@ﬁ@ag% TR t@xenpl ary
medi um chain triglyceride oil is MGYOLO 812. [0065]1n a preferred
enbodi“demtt’] can ugad idehingeadp avithn ‘ststenpd-edenst,” gelowershppesT tinedreldise”

pref err ed ars arg, sucrose. Th referred.concentration of sucrose is 0.5

Lo 2006 SPEFEFLRry TIHCeusksy TRIEAPEr ¥ AET ol adiess such as 2% 3%

4% 5% 6% 7% 8% 9% or 10% of the gel weight. [0066]1n one enbodi ment,

t he pr{@%?r}.t i nvektyseh hpiedy thedermy etmelsinp o gictudsha mustupt ofsmugisgblamil Mesde,

sati sf | 0 i1t i t.eri : liver

or ant 11 o PEEEPLATS fhe df BELECombries HY QiEH o BT RE T8 T Bibt £F

i nj ectsivafl.drofflet2 (ch2/dispOrd Q6 pabe )JGRUh2 O 4ilsp 3 [ @D Aikp e dinethe alpaduspinise t he

present invention provides gel conpositions confaining netreleptin. and

pr and i(FRAtEEOUSRISYf iTgé PHBAACIRYEIGR] BrINg @b%%rqap@w@g tRCHPISHt WNENtiRngs ap| e

to delj r i i NE L0 Ie > files
&#ﬁégﬂ%@w?ﬂﬁ%é Oc %@@F&gs@ggég J\hh@fs%%né]@r SiiRi<Rgd ol FASFo Q] in

follo subcut'aneous injection. [0 n one enbodi nent, the present
i nventaccordprecowithethe petsbrd disventop iseppice ygeinstermobatingaerideratropicediematest | bl e

Fi 11 8 Fon 1o SPBarSTH B GO BrRRAOR 8wt Bt 2 0.5 m cron pore mombr Anc,

thus elimnating the need for an aseptic process or termnal sterilization
usi ng [A&EX or r adiwed berein, degeim e Enondrdic”’@rHbu¢ hemdermisacpdlesmgtudenyent i on

G ng anwonce rofo SREaR BeEfofE o iurtR | Bee SR S eskels. HhE
i nventoue dgehct &G@TRIRSAdet RNS indRdatc@Wbit tht Aeclild gt ispi@h. According to the Stubs

Needle Gauge system, hypodermic needles in common medical use range from 7 gauge (the

largest) to 33 (the smallest). The word “fine,” as used herein, includes needles ranging from 21

to 33 gauge (G), preferably 25G to 31G and most preferably 25G to 29G. The definition for the

fine hypodermic needle applies to both re-usable and disposable types. Disposable needles can

be embedded in a plastic or aluminum hub that attaches to the syringe barrel by means of a press-

fit or twist-on fitting or the “Luer Lock™ connections or be permanently attached to the syringe

barrel.

[0044] As used herein, the term “heat-sensitive” means that a given drug can lose 3% or
more of its potency or concentration after autoclave treatment, for example at 121°C for 15-20
min. Both metreleptin and pramlintide are heat-sensitive. For these drugs, terminal sterilization

procedures that use heat (or autoclaving) are not feasible.

[0045] As used herein, the term “injectable or extrudable” includes meeting the

Acceptable Injectability Criterion as previously defined above.

[0046] As used herein, the term “metal ion chelating agent or chelator” includes a metal

ion chelator that is safe to use in an injectable product. A metal ion chelator works by binding to

12



phar maceuti cal excipient such as acidifying agents, alkalizing agents, pH
buffering agents, netal ion chelators, antioxidants, stabilizers,

pr eser vatwoes12/10079a m xture thereof. The sel ection of aPCuusté0als19
excipient(s) in a gel conposition can be nade based on stability

requi renent or other pharmaceutical considerations known by those skilled
inthe art. [0071] I n certain enbodi nents, the gel conposition of the
present inventi.o i ntains a plas concentration of greater than 1 ng/nL
For  mibstel e 4n thsrabYFegtees s HHOHOSTSRE AL MOt Qorciihi R Ralom BYOHRS %t { or an
subc Uto@f%%%ra&ﬁio%%éd%anM@th ARkt TRt BRIBRI I BRAnendifn WRYyKEcIRgAM i nti de
inrats. [0072] 1 n one enbodi nent, the present invention provides certain
gel colqodsin ednate (FRATAS glyrinsimigliyicsaid aiditheraspeatizgadltsgheresen | ess
injection force than the Acceptable Injectability Criterion. [0073]In

anot heoo4m ef er r eds @b asliciE fe tetnh HBcditinedMalrofiglhyRbad @ %r nfedd@h cBAAPOSI ti ons,
intheir injectable, stable and sterilized form that provide unique

r el eadBglyeastde|adls in@dpdaymptusal op symheficdriglyapmidastof dety asids havweggriol lgrrgensor at
| east ,24.. ES: h. release profile is _highly Sl )l e.for netreleptin
and pragi A R R a0 taRE T G R DB IR AR e to be
mai nt ai ned at the efficacious concentration |levels in the circulation for a
prol onged tinme. WD 2012/1 Pirfbla1519 [0074] In a preferred
enbodi ment, the gel compGSitiong|is adm ni stered at once-a-day, once-every
2 days, once-every 3 day$, once-gevery 4 days, once-every 5 days, once-every
6 days, once-every 7 daygy_ange-ever S, once-every 14 days, or
once-every 30 days. I1I1. thhg Ng%?%g§?bo75]8urprisingly, the gel s
prepared according to thé methods||of preparation of the present invention
are easily injectable Fh?sugh fi needles. In sone formats, the gels are
partially translucent in ap rance gﬂg)s@hky snmooth to the touch. In
preferred enbodi nents, the gels e |§6tr%pic, whi ch are desired
properties for good injectabilifly through a fine needle. [0076]1n one
enbodi nent, the present invention provides a nethod h@r preparing a gel
conpo : r 10 i i i ng
B e L
pr am iantdi d¥hemalsdy thendiamels egtired toeasch G fatty relepYhan xanal g chARIY refixyedatddi ng

an exeesRive, STRWRL, VALYl RAG £ RARR' W IRETE, i TR B!

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.

[0048] 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
fractionated coconut oil may comprise Cg and/or Cy fatty acids; however, there may be some

medium chain triglycerides containing Cs and/or C;; fatty acids.

[0049] A preferred medium chain triglyceride for this invention comprises 0 to 2 wt% Cs
fatty acid, 50 to 65 wt% Cs fatty acid, 30 to 45 wt% C, fatty acid, and 0 to 2 wt% C,, fatty acid,
and which is commercially available as MIGLYOL® 812. The weight % is based on the total
fatty acid content of the triglycerides.

[0050] The term “Phospholipid-based gel,” or “gel” as used herein includes transparent,

translucent or opaque semi-solid mass that comprises 20-40% phospholipids and meets the
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c) mxing to forma primary emul sion; d) adjusting pHto the targeted pH
e) honogenizing the primary enulsion to forma fine enulsion with an

aver age dwopbet178i9ge | ess than 200 nmin dianmeter; f) pa&egiusgozioelsid ne
enmul sion through a 0.2-micron filter; and g) renoving the excessive water
to obtain the final gel conposition. [0077]1n certain enbodi nents, the
present invention provides a nethod for preparing a thixotropic gel

compos, .oyt B TESRSC EERL y8hy SOID LAy BPSELYS RRTBSRETL S

mhat Ersled in the flnal conp05|t|on) c) mxing to forma primary
ermul sion; d) adjustlng pHto the targeted pH, e) hoanen|Z|ng the primary

enul si o form i | sion, h.an aver ropI t size.ess than 200
o i 0 1005 er St B Hen i R P AR R iRk BR 1 e
WO 20%2&%?@)7@@%?5&&%21@&3& PHdspASe Hecheld citgitd, BRadonhte Asitti e TARE, andhen x

wel | renovi ng the excessive water to obtain the final ge

conpoéﬁﬁion [0078] I n a preferred enbodi nent, a high-shear, high-energy or
hi gh- pressure honogeni zer (such as the m crof | ui di zers from M crofl uidics

| nt er na@32pnal Coﬁrspfseahémhl), tHestetns Ephdsphalipid/einélutidvea @adsrzﬁﬂipidsmuh aicmbjor t he

fine emul sion ge di apeter. 1 ess than 200 nm preferable Iess t han
100 n@@ﬁanq%g\fm ‘%P%lf Fapes aRdCqnipip asiee }W%Weph%ala?& g@ﬁpoefn%rfr

aI | Ow%r% fic ﬁlgl%cﬂ(ll'elsﬁ&%cf' @B1iRE. A@gesfl&trék?%ﬁc%wllﬁicp‘?@fcIrQﬁ@HQ}%nﬂ&’?ls% 2-m Cr On

|ter and greatly reduces vis reases the injectability of the
f | nal phesphotidylcholine. The more preferred phospholipid is 1-palmitoyl-2-oleoyl-sn-glycero-3-

phosphocholine or POPC.

[0053] As used herein, the term “solvent” refers to non-aqueous liquids that are suitable
and safe for subcutaneous injection. For example, a solvent can be propylene glycol, glycerol,

sorbitol, polyethylene glycol, or mixtures thereof. The preferred solvent is glycerol or glycerin.

[0054] As used herein, the term “solubilizing agent” includes primarily surfactants such

as polysorbate 80.

[0055] As used herein, the term “stabilizer” includes a pharmaceutically acceptable
chemicals that (1) are capable of decrease solubility, (2) alters release rate, or (3) increases
stability of the API. For example, zinc chloride forms insoluble crystals with metreleptin and

causes the metreleptin to release slowly.

[0056] As used herein, a “sugar” includes a safe and biocompatible carbohydrate agent
that protects the fine emulsion during drying by maintaining the discrete and sub-micron oil
droplets. The sugars useful for this invention include monosaccharides, disaccharides,
polysaccharides, poly-ols, dextrins, starches, celluloses and cellulose derivatives, or mixtures
thereof. For instance, in certain embodiments, the sugar is mannitol, sorbitol, xylitol, lactose,
fructose, xylose, sucrose, trehalose, mannose, maltose, dextrose, dextran, or a mixture thereof.

In certain embodiments, the preferred sugar is sucrose.

[0057] As used herein, the term “thixotropic” refers to the property of certain gels that

are thick (viscous) under normal conditions, but become thin or less viscous over time when
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[ 0079] After honopgeni zation in a mcrofluidizer to reduce the droplet size
to about 50 nm the resulting fine emulsion is a clear, nearly transparent,
and wat erwbi2ke/170196i d wi th a remarkably reduced vi scosi PgT/USRaIR04TSeDVI NQ
the excessive water, the final gel satisfies the Acceptable Injectability
Criterion. The fine enulsion can also be filtered through a 0.2-mcron
filter menbrane, allowing sterilization of the gel preparations prior to
parenteral adm nistrati.o n.contrast, .the s ho ol i pi d-cont ai ni ng

B oot kot (Fafiobert SURaipiSee sX DT B b RIDEP Abies Thr ough ¢ he
sane TREMh&NES:e ihROEOLEMEhSLBRS: (868 ckRRNAPRYA2RsGRINk YN BO&E ARlcabANSt ems. | f
not processed properly, the énulsion droplets will aggregate, nerge, grow
in size and eventually result in the oil phase separating fromthe water
phases, (i . crean ng out). \Wien this happens the benefit of the reduced
visco??ty 3?89? Eﬁghy the fine enulsion is lost. Surprisingly, in
accordance with the practice of the present invention, the addition of
certaijp3sjgar s prievprdest aivetiii@xpoecidesa piastepid ¥g cembpegtiod, @bmptisingi ne
emul si on agai nst_ t he gggre atjon of the droplets during the water renoval
processes. The priedenbe™siehsalymetelaPithe fine emul sion thus keeps droplets
essential l'y unchanggg g Log,d %g&gﬂ-gg val step using the conditions

di scl osed herein. In contrgsfiggoc npo?ft?gn wi t hout sugar tends to be nuch
| ess i nj ect abl e.20[t@@88%] Hynweight afiome @ pwct phosphdipgdd s of this invention can

re-formthe fine emulsion upon. mxing in.water, .suggesting that the gels
conprise discr e%etoﬁlgr{‘lsjl??é‘fvg Bg?%aela‘e@f%l c‘,hg{n\é%gﬁf@@g%%gtan i shing to be bound
by a theory or n®GH3plsup QEighf§ wdmention, it appears that the superior
injectability offered by the gels of this invention is attributable to the

extrenely smal | vdicoph s2id gekeompedition ihovioeblc 2obgha 25Gi7s incheng maedle
speculates . that .by remving th er. fromthe fine enul sion,..the,nanoneter
ol zed VLRI &t S Sl AR ALt BT il G sFPEAg gl i So

2012/ NM8&PCT/ US2012/ 041519 structure i ke many snal |l def ornabl e

"bal  oons" filled with oil and stacked together with water in the
interstitial space. As the water is renoved, the interstitial space is

m nim zed causing the balloons to deformto conpress into each other to
form qoggye i gittheShdufitii&iion i fds anithyddh 8y bRABsilitS Behpkiling. each
other? ?ﬁﬂ baIIoog? ﬁenﬁ#n échfgggogns?ﬁE g%{ pagsg.ﬁ@ﬁgﬁ éﬁ ext er na
force is applied togddechy asight ofmatrayptimge pl unger), the gel easily deforns

and confornms to the needl e bore because qf the very small and discrete
dropl ets, thus éﬁ?%@ﬁh%“?gy“?ugﬁﬁgpﬁgﬁ“WﬁfectabiIity. FIG 4 is a schematic

representation of b BgySRes LR e BRURIM piyphsiue fine emulsion (left) to
a gel of this invention (right) upon reanaP of water. The dark dots depi ct
t he nanosi zed drlépb 0% bynweight dfiamecdinml chrivririghyaeridenal, spdice bet ween t he dots
is filled with 9§Re5 ?jth sugare Asﬁthe wat er or solvent is renmoved, the
dropl ets become 2t¥ A2 tUPal P¥ ol EHT8d into the gel. [0083]1n anot her
embodi nent, \ifﬁ@eﬁlishffdr%'[ @ @itidnie cktritRbRIIcvbR A 258y, echAehd AEdMRIfroEiang a
vacuum filtration method, centrifugation filtration, or pressurized
filtr&€SHngeet BB EXrNmen Bipsofrberamyn Br amgnedisd rrcgobugnerchan 89 Aepitenser
menbranes are avail abl e. Exanpl es include Sartopore, Sartobran P,

MITi and t i . 3§§g re~filt 1 a_larger pore

si ze Ggﬁ’e useJEQPhggg?Pﬁ§¥§ﬂg§g on ?%?9%ﬂg8?%?%é§%fonb§?g "is to
sterilize the prepdfabyewrighf 60@4irtloptyret anot her enbodi nent, renoval of
water fromthe fine ion can he done by various drying nethods, for
exanpl e, by roté&ﬂ%ﬂgﬂgbzbﬁﬁﬁ¥ QFW@nﬂEWHBd or by sweeping the
nanodi sper si on Wt 489 byokciBht SIRABERr Bd%e phdbholfidd N9”) . The rotationa
vacuum dryi ng can be performed using conmnercially-avail able rotational
evapor at ors such tad 0% Rowarghpof{Buehiuin chithetriglycedde/dihgnidls acconpl i shed by
mechani cal |y stiyringg,the napodi sper.sion while sweeping its surface with a
streamof air 0255?38663HW8§EU9¥§§W3Pr or nitrogen gas nay be filtered
through a 0.2-micron pore filter to sterilize first. Nitrogen gas is
preferred if any conponents in the conposition are prone to oxidation.
[0085] I n sone enbodi nents, the gels of this invention are filled into
syringes to certain volunme under aseptic conditions and are ready for
injecting after attaching needles to ﬁ?e syringes. The pre-filled syringe
format is convenient for self-adm nistration. The preferred syringe size is
1-10 nL and the preferred needle size is 25-29G [0086]1n one enbodi nent,
the gels of this invention, after being injected into a soft tissue (e.g.,
subcut aneous or intranuscular injection), provide a slow drug release in

vi vo as



WO 2012/ 170796PCT/ US2012/ 041519 shown by prol onged pl asma concentration
versus tinme profiles for both netreleptin and pramintide, conpared to the
sanme dosesoabizmgbmel eptin and pramlintide given in a solPariuseo2osrsud at i on
(FIG 2). [0087]In certain aspects, a gel of this invention has a viscosity
of about 100, 200, 500, 1000, 3000, and 5000 centipoise (cP). In certain
aspects, the viscosity is at about 5000, 10,000, 50,000, 75,000, 1 x 105, 1

x 106, 1 x 107, 1 x. 108 or 1.x 109 cP . In_yet other aspects, the gel
S Uhi xot r opY BRI e commpstiipn cxbrdlehkusbacSC ¢ Rishgen Rk Famieh of
the presemiod AYRBkIr@&Hod St 0t ImiPon8tigpiikd fdrBe 6€43 RbR: BIPIC Newtdlie

formul ation has a pH between pH 2 and pH 8.5, preferably between pH 3 and

pH 6, or nore preferably between pH 4 and pH 5. [0089] The invention w I |
now b cribejin eat er. gtail.b ference to.th fog{swin
non- LA ng oxaAraRsF g plrsieRsibepoedt fur Bt B Fiis60) Bohrpl e 1 -
Pr eparnpabidalipld far tRlin @Mde@bnédm)dyﬁiomis&m&rﬂn@a%gpabﬂnyiomﬁeqﬂloéﬁngizi)to 107
Conposi tion Conponent % (wt) Metreleptin* 2.00 Sodi um gl utamat e*
form an oil-in-water emulsion and maintain the small droplet size through the manufacturing
process and afterwards in storage, (2) be chemically compatible with the pharmacologically
active agent and (3) provide the desired depot or sustained release properties for the
pharmacologically active agent. Certain combinations of phospholipids can be utilized to form
the depot such as POPC and DMPG Na. An optional phospholipid or phospholipid combination
for a depot composition can be selected using the physical and chemical screening test methods

known to those skilled in the art.

[0062] In another embodiment, the gel compositions of the present invention comprise
20-40% by weight, 22 to 35% by weight, and more preferably 24 to 30% by weight of a
phospholipid such as 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39
or 40% by weight of a phospholipid or a mixture of phospholipids.

[0063] In one embodiment, a gel composition of the present invention comprises 10-60%
water by weight.
[0064] In a yet another embodiment, the gel compositions of the present invention

comprise medium chain triglyceride oil. The preferred concentration of medium chain

triglyceride oil is 5 to 30%. An exemplary medium chain triglyceride oil is MIGLYOL® 812.

[0065] In a preferred embodiment, a sugar can be used in the present gel compositions.
The preferred sugars are sucrose. The preferred concentration of sucrose is 0.5 to 20%,
preferably 1 to 15% and more preferably 2 to 10%, such as 2%, 3%, 4%, 5%, 6%, 7%, 8%, 9%
or 10% of the gel weight.

[0066] In one embodiment, the present invention provides gel compositions comprising
pramlintide, satisfies the Acceptable Injectability Criterion, and are able to deliver pramlintide in

sustained release profiles following an subcutaneous injection.
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0.17 Sucrose* 1.02 dycine* 2.04 Polysorbate 20* 0.01 Pramintide 0.14 1-P
almtoyl-2-o0 |l eoyl-sn-glyc ero-3 -pho spho cho line (P OP C 30.0 Medium
chai n triwybyoeeri7ams (M gl yol 812) 6.13 Sucrose 9.00 PCT/US2012/041519

Et hyl enedi am net etraacetic acid, dehydrate, disodium (EDTA) 0.20

L- nmet hi noni ne

[0067] In one embodiment, the present invention provides gel compositions containing
metreleptin and pramlintide, satisfies the Acceptable Injectability Criterion and are able to
deliver metreleptin and pramlintide in sustained release profiles following an subcutaneous

injection.

[0068] In one embodiment, the present invention provides methods to prepare gel
compositions that are compatible with heat-sensitive metreleptin and pramlintide and permit
sterilization by filtration of the emulsion intermediate through a 0.2 micron pore membrane, thus

eliminating the need for an aseptic process or terminal sterilization using heat or radiation.

[0069] In another embodiment, the present invention provides methods to prepare gel

such gel compositions, without the use of damaging amounts of organic solvent.

[0070] In certains embodiment, the invention gel compositions may contain a functional
pharmaceutical excipient such as acidifying agents, alkalizing agents, pH buffering agents, metal
ion chelators, antioxidants, stabilizers, preservatives, or a mixture thereof. The selection of a
functional excipient(s) in a gel composition can be made based on stability requirement or other

pharmaceutical considerations known by those skilled in the art.

[0071] In certain embodiments, the gel composition of the present invention maintains a
plasma concentration of greater than 1 ng/mL for metreleptin and greater than 10 pg/mL for
pramlintide 24 hours after an subcutaneous injection of 20 mg/kg metreleptin and 1.44 mg/kg

pramlintide in rats.

[0072] In one embodiment, the present invention provides certain gel compositions that
surprisingly satisfies or requires even less injection force than the Acceptable Injectability

Criterion.

[0073] In another preferred embodiment, this invention relates to gel compositions, in
their injectable, stable and sterilized form, that provide unique release profiles for metreleptin
and pramlintide that are prolonged for at least 24 hours. Such release profile is highly desirable
for metreleptin and pramlintide, which have short half-lives, and permit them to be maintained at

the efficacious concentration levels in the circulation for a prolonged time.
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0.10 Benzyl alcohol 1.00 Water for Injecttion (WI) 48.19 Total 100 *
These conponents were carried into the forrmulation fromthe netrel eptin
st ock solwoOi2ore/118™d. Procedure The F-207 gel was prepar @dTas2610lobas: 1.
Weigh out all the conponents except WFI into a container. 2. Add WFl to
3.67 times the batch size weight. 3. Mx well using a high shear m xer to
obtain a prinmary emul sion. 4. Honpgenize the prinary emul si on using a

f (M | nt t | Co OEH) t bt
e dbiti on' oybailer i hbtighs et oeh sergnisbaat Sinhe 408 mm | 1
di amety@te-cwo é\clia&@ ton@é'—'e&é?yé days +/ohcé1e\JerY‘Mtd|3 vHGREDNRRR, 5@layd bhé@éve‘r@@ dfaj@e

emul si on throug 2-m cron di sposabl e vacuum filter (Nal gene)
bi osafoatscrrpd dams,mlefr-ﬁwrz &0 dhws, ened-&icon 14 days, or once-every 30 days.

III.  Methods of Making

[0075] Surprisingly, the gels prepared according to the methods of preparation of the
present invention are easily injectable through fine needles. In some formats, the gels are
partially translucent in appearance and silky smooth to the touch. In preferred embodiments, the

gels are thixotropic, which are desired properties for good injectability through a fine needle.

[0076] In one embodiment, the present invention provides a method for preparing a gel
composition, the method comprising:
a) combining all components including at least one active pharmaceutical ingredient
selected from pramlintide, a pramlintide analog, metreleptin, and a metreleptin analog
(API);
b) adding an excessive amount of water (more than what needed in the final composition);
¢) mixing to form a primary emulsion;
d) adjusting pH to the targeted pH;
¢) homogenizing the primary emulsion to form a fine emulsion with an average droplet
size less than 200 nm in diameter;
f) passing the fine emulsion through a 0.2-micron filter; and

g) removing the excessive water to obtain the final gel composition.

[0077] In certain embodiments, the present invention provides a method for preparing a
thixotropic gel composition, the method comprising:
a) combining all inactive components (i.e. without the API);
b) adding an excessive amount of water (more than what needed in the final composition);
¢) mixing to form a primary emulsion;
d) adjusting pH to the targeted pH;
¢) homogenizing the primary emulsion to form a fine emulsion with an average droplet
size less than 200 nm in diameter;

f) passing the fine emulsion through a 0.2-micron filter;
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WO 2012/ 170796PCT/ US2012/ 041519 7. Aseptically, renove water by bl ow ng
with 0.2gmfiltered nitrogen gas NF into the emulsion with stirring until

t he wat erwoant2rto79seaches final water content in the gelPCTiuSe012481519%) . 8.
Aseptically, mx well the gel to uniformty. 9. Aseptically, centrifuge gel
to renmove air bubbles. 10. Aseptically, fill 0.2-0.4 nL gel into each
sterile syringe (e.g. BD 1 nL syringe Luer-lok Tip). 11. Aseptically seal

the syringes wth Luer-| ock ps si pa n-vented FLL Cap w Internal Pin,
P/ N 17542)55 aﬂ%fngg%epﬁtzeﬁsh%nﬁﬁfﬁ@%é‘%i”e -8°C. F-207 was a snooth and opaque
gel . The npt&RbARE HE XB&ksRearBtémb bgﬁirpﬁhlez@?ggée%bﬁ%siﬂ\&{? confirmed by an

RP-HPLC anal ysis. "The injectability of “was determ ned agai nst the
Accept8®i8& | nj ednalprdfetrgd @nbadimicntna higheshoaix highranfrgyee highgpricssee dur i ng t he

injectability test is recorded. as the, nost, rel evant .ne rement .paraneter
For °F P Blostitar €5 o Jhd FREOMER o MRl R PRRGESR BTG T o
a 1 cGo BoldeBithé atyBenbl ki ko hekinEichhuldied w9683 iamehtk tis thanA00hang 25G
needl e ( EXEL, oderm ¢ needl e, ref 26403) was attached. The filled

syri ngeciarable lpsdean Himm and posiiyefcpiiplosnthan S8 nmg Fherredugenef dioriianced
Preci sji - I o ' r end
AR T R D e e N e
punp WasosistandtinGeases therinfepabidityaoitkh® fidalndelext r usi on vol ume. The force was
recorded in Newtons. In the "push” node, the force is recorded as negative.

With goemyi mal iAﬁ&%h@gﬁlﬁ%&miRB nﬁg@%id%r'%@ma@ém&w &9%cQ5 Bﬁ%&t%t s),

|
F-207 i s regarded as I njectabl e and neeting the Accepta
| nj ectnabithd teyul@ng tiee Emnlsion\WOa 232 e Ay 96RETCLSA0] KAC41Ed BqudoatiExanpl e 2 -

Prepar at i of | . Contai,ni ng Metreleptin & Pram jntid F- 209 F-209 in
e, T GRIBRIN e OLIStTuN - A TrEOUPE TS g E e S olie AL 90 BUCHEECr | bed
in Exa(Rbgadlc HjeétabitigOritcfioReWhé Ghe SfulRIn@hARbINR MRFdUERMh hve2-REWoh Ot Was
provided in a new stock solution that does not contain sucrose, glycine or

pol ysdiltsamembranzogla@ong sistitizasion @b hsazed nrepesatinny pridstte phigptcral adm@ostration.
In contrast, the same phospholipid-containing composition without this homogenization step is

not filterable through the same membranes.

[0080] Emulsions are thermodynamically unstable systems. If not processed properly,
the emulsion droplets will aggregate, merge, grow in size and eventually result in the oil phase
separating from the water phases (i.e., creaming out). When this happens the benefit of the
reduced viscosity provided by the fine emulsion is lost. Surprisingly, in accordance with the
practice of the present invention, the addition of certain sugars provides an unexpected protective
effect for the fine emulsion against the aggregation of the droplets during the water removal
processes. The presence of sugar in the fine emulsion thus keeps droplets essentially unchanged
during the water removal step using the conditions disclosed herein. In contrast, a composition

without sugar tends to be much less injectable.

[0081] In certain aspects, the gels of this invention can re-form the fine emulsion upon

mixing in water, suggesting that the gels comprise discrete nanometer-sized droplets.

[0082] Not wishing to be bound by a theory or mechanism of the invention, it appears
that the superior injectability offered by the gels of this invention is attributable to the extremely
small droplets created by homogenization. This inventor speculates that by removing the water

from the fine emulsion, the nanometer sized droplets stack together to form a certain organized
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Sodi um glutamate 0.17 Pramintide 0.14 1 -P almtoyl-2-0 | eoyl-sn-glyc
ero-3 -pho spho cho line (P OP C 30.0 Mediumchain triglycerides (Mglyol
812) 6. 13w6Buoerxmwer98. 00 Et hyl enedi am netetraaceti c aci d, pdehysdeianelsigi sodi um
(EDTA) 0.20 L-nethinonine 0.10 Benzyl alcohol 1.00 Water for Injection

(WFl) 51.26

structure like many small deformable “balloons” filled with oil and stacked together with water
in the interstitial space. As the water is removed, the interstitial space is minimized causing the
balloons to deform to compress into each other to form a more rigid structure i.e., a gel, but
rather than fusing into each other, the balloons remain discrete in the gel phase. When an
external force is applied (such as from a syringe plunger), the gel easily deforms and conforms to
the needle bore because of the very small and discrete droplets, thus allowing for a superior
injectability. FIG. 4 is a schematic representation of the speculated convention from a fine
emulsion (left) to a gel of this invention (right) upon removal of water. The dark dots depict the
nanosized droplets in the fine emulsion, and the space between the dots is filled with water with
sugar. As the water or solvent is removed, the droplets become structurally organized into the

gel.

[0083] In another embodiment, the filtration of the fine emulsion may be performed
using a vacuum filtration method, centrifugation filtration, or pressurized filtration method.
Various models or makes of 0.2-micron pore filter membranes are available. Examples include
Sartopore, Sartobran P, Millipore, and the like. In some cases, a pre-filter with a larger pore size

may be used. The primary reason for the filtration step is to sterilize the preparation.

[0084] In yet another embodiment, removal of water from the fine emulsion can be done
by various drying methods, for example, by rotational vacuum drying method or by sweeping the
nanodispersion with air or nitrogen gas (“air drying”). The rotational vacuum drying can be
performed using commercially-available rotational evaporators such as a Rotavap (Buchi). The
air drying is accomplished by mechanically stirring the nanodispersion while sweeping its
surface with a stream of air or nitrogen gas. The air or nitrogen gas may be filtered through a
0.2-micron pore filter to sterilize first. Nitrogen gas is preferred if any components in the

composition are prone to oxidation.

[0085] In some embodiments, the gels of this invention are filled into syringes to certain
volume under aseptic conditions and are ready for injecting after attaching needles to the
syringes. The pre-filled syringe format is convenient for self-administration. The preferred

syringe size is 1-10 mL and the preferred needle size is 25-29G.

[0086] In one embodiment, the gels of this invention, after being injected into a soft

tissue (e.g., subcutaneous or intramuscular injection), provide a slow drug release in vivo as
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Total 100 F-209 was a snooth and opaque gel. The netrel eptin and

pram intide concentrations were confirnmed by an RP-HPLC anal ysis. Using the
sanme net WO 20f2/1700%ct ability test as described i n ExanplPeTAIS2H20081had a
maxi mal injection force of 8.1 Newons (average of 2 tests). Therefore,
F-209 is regarded as highly injectable and neeting the Acceptable
Injectability Criterion. WD 2012/170796PCT/ US2012/ 041519 [ 0092] Exanple 3 -

Preparati on of a | . Cont ai ni ng .H gher Concegﬁr i ons of tre lLeptin &
oy an SR BBY PrISASY PHETD RGN ia e PO AR B Bs o S B RBbar ed us) ng
the saBnRRIROASraeRGhE DRk HdbcESARBISlcptin firddkImARidALiden Al SQ1dFH POPC but
2X metreleptin and pranmlintide as conpared to the Exanple 1 conposition.

F- 210 fe@ompasin (F&G. Donponent % (wt) Metrel eptin 4.00 Sodi um gl utamate 0. 34
Pram intide 0.28

[0087] In certain aspects, a gel of this invention has a viscosity of about 100, 200, 500,
1000, 3000, and 5000 centipoise (cP). In certain aspects, the viscosity is at about 5000, 10,000,
50,000, 75,000, 1 x 105, 1x 106, 1x 107, 1x10%0r 1 x 10° ¢cP at RT. In yet other aspects, the gel
is thixotropic (FIG. 1).

[0088] In certain aspects, the gel formulation of the present invention is acidic to neutral.
In certain aspects, the formulation has a pH between pH 2 and pH 8.5, preferably between pH 3
and pH 6, or more preferably between pH 4 and pH 5.

[0089] The invention will now be described in greater detail by reference to the

following non-limiting examples.
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1 -Palmtoyl-2-0 | eoyl-sn-glycero-3 -pho spho cho Iine (P OP C) 30.0 Medium
chain triglycerides (Mglyol 812) 6.13 Sucrose 9.00

Et hyl eneawanhret7etdsaaceti ¢ aci d, dehydrate, di sodi um ( EBTAUSR012041519

L- net hi noni ne 0.10 Benzyl al cohol 1.00 Water for Injection (WI) 48.95

Total 100 F-210 was a snooth and opaque gel. The netrel eptin and
prantintide concentrations were confirmed by an RP-HPLC anal ysis. Using the
samne il . eSCr | be F-. 1 ad a
S 1. - eparatiqn § _OntaLl V ? . (
F-210 A @7@&%&%10@5 h| ghl y i nj ect abI e and rreetl ng t he Accept abl e
Injectability Criterion.

Component % (wt)
Metreleptin® 2.00
Sodium glutamate* 0.17
Sucrose* 1.02
Glycine* 2.04
Polysorbate 20* 0.01
Pramlintide 0.14
1-Palmitoyl-2-oleoyl-sn-glycero-3-phosphocholine (POPC) 30.0
Medium chain triglycerides (Miglyol 812) 6.13
Sucrose 9.00
Ethylenediaminetetraacetic acid, dehydrate, disodium (EDTA) 0.20
L-methinonine 0.10
Benzyl alcohol 1.00
Water for Injecttion (WFI) 48.19
Total 100

* These components were carried into the formulation from the metreleptin stock solution used.

Procedure
The F-207 gel was prepared as follows:

1 Weigh out all the components except WFI into a container.

2. Add WFI to 3.67 times the batch size weight.

3. Mix well using a high shear mixer to obtain a primary emulsion.

4.  Homogenize the primary emulsion using a microfluidizer (Microfluidics International
Corp Model M-110EH) to obtain a fine emulsion by reducing the average droplet size to
less than 100 nm in diameter.

5. Adjust pH to 4.6 +/- 0.1 with HCI/NaOH.

6.  Filter the fine emulsion through a 0.2-micron disposable vacuum filter (Nalgene) in a

biosafety hood to sterilize the emulsion.
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WO 2012/ 170796PCT/ US2012/ 041519 [ 0093] Exanple 4 - Preparation of a Gel
Containing Metreleptin & Pramlintide (F-211) F-211 in the foll ow ng
conposi t iwo 20es17prepar ed usi ng the same nethod as descr iPb@dSeon2Bxesnpl e 1.
F-211 al so contains the sane concentrations of netreleptin and pramintide
as in F210 but with reduced POPC (24% . F-211 Conposition Conponent % (w)
Metreleptin 4.00 Sodiumglutamate 0.34 Pramintide 0.28 1 -P almtoyl-2-0

![ ??é: ;/f; ;.Ig g&eﬁiﬁggﬁyiﬂ%b%fg arlltg. gg%\%{‘[}]gs Eh %.32;91- 1 t%ire% Iq/i?rg:ggnmggsh%llininto the

emulsion with stirring until the water content reaches final water content in the gel (i.e.
48.19%).

8. Aseptically, mix well the gel to uniformity.

9.  Aseptically, centrifuge gel to remove air bubbles.

10. Aseptically, fill 0.2-0.4 mL gel into each sterile syringe (¢.g. BD 1 mL syringe Luer-lok
Tip).

11. Aseptically seal the syringes with Luer-lock caps (Qosina Non-vented FLL Cap
w/Internal Pin, P/N 17542).

12.  Store the syringes at 2-8 °C.

F-207 was a smooth and opaque gel. The metreleptin and pramlintide concentrations were

confirmed by an RP-HPLC analysis.

The injectability of F-207 was determined against the Acceptable Injectability Criterion. The
maximum force required during the injectability test is recorded as the most relevant
measurement parameter for injectability. For the injectability test, 0.5 mL F-207 was filled into a
Icc B-D syringe (B-D Luer-Lok Tip, ref 309628) to which a % long 25G needle (EXEL,
Hypodermic needle, ref. 26403) was attached. The filled syringe was loaded onto a syringe
pump to which a force meter (Advanced Precision Instructment Model HP-500) was attached
against the plunger end to measure to force applied to extrude the syringe contents. The syringe
pump was set at 2 cc/min speed and 0.4 mL extrusion volume. The force was recorded in
Newtons. In the “push” mode, the force is recorded as negative. With a maximal injection force
of about 12 Newtons (average of 2 tests), F-207 is regarded as highly injectable and meeting the
Acceptable Injectability Criterion.
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9. 00 Et hyl enedi am netetraacetic acid, dehydrate, disodium (EDTA) 0.20

L- met hi noni ne 0. 10 Benzyl al cohol 1.00 Water for Injection (WI) 56.18
Total 100wOReRITOMAS a snoot h and opaque gel. The netr elpepitisroiameis19

pram intide concentrations were confirmed by an RP-HPLC anal ysis. Using the
sanme nethod of Injectability test as described in Exanple 1, F-211 had a
maxi mal injection force of 8.6 Newtons (average of 2 tests). Therefore
F-211 |

LPLSSW% Qlfle fforﬁs%n | 0'§it1139 W&g r)eép%rgdl {151 Ffﬁ@@hmetmeﬁowarshde%a@e%r

(F- rzﬂl@x 1216 IR ANG nte@el Qf%aﬁél h%fneWelto('Ej g{ag dev'i'dégllrlﬂ anew

Emorl V\glélag a?& Sqwt a%dt% zs{elgrt }%ég r epar t I’on. :
F-209 Composition
Component % (wt)
Metreleptin 2.00
Sodium glutamate 0.17
Pramlintide 0.14
1-Palmitoyl-2-oleoyl-sn-glycero-3-phosphocholine (POPC) 30.0
Medium chain triglycerides (Miglyol 812) 6.13
Sucrose 9.00
Ethylenediaminetetraacetic acid, dehydrate, disodium (EDTA) 0.20
L-methinonine 0.10
Benzyl alcohol 1.00
Water for Injection (WFI) 51.26
Total 100

F-209 was a smooth and opaque gel. The metreleptin and pramlintide concentrations were
confirmed by an RP-HPLC analysis. Using the same method of Injectability test as described in
Example 1, F-209 had a maximal injection force of 8.1 Newtons (average of 2 tests). Therefore,

F-209 is regarded as highly injectable and meeting the Acceptable Injectability Criterion.
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F-216 Conposition Conponent % (wt) Metreleptin 4.00 Sodi um gl utamate 0. 34
Pramlintide 0.28 ZnCl2 3.00 1 -P almtoyl-2-0 |eoyl-sn-glyc ero-3 -pho spho
cho |ine WD 20R/@7988. 0 Medi um chain triglycerides (M gl polr/uS2@p/061513
Sucrose 9.00 Ethyl enedi am netetraacetic acid, dehydrate, disodium (EDTA)

[0092] Example 3 - Preparation of a Gel Containing Higher Concentrations of

Metreleptin & Pramlintide (F-210)

F-210 in the following composition was prepared using the same method as described in
Example 1. F-210 contains also 30% POPC but 2X metreleptin and pramlintide as compared to

the Example 1 composition.

F-210 Composition

Component % (wt)
Metreleptin 4.00
Sodium glutamate 0.34
Pramlintide 0.28
1-Palmitoyl-2-oleoyl-sn-glycero-3-phosphocholine (POPC) 30.0
Medium chain triglycerides (Miglyol 812) 6.13
Sucrose 9.00
Ethylenediaminetetraacetic acid, dehydrate, disodium (EDTA) 0.20
L-methinonine 0.10
Benzyl alcohol 1.00
Water for Injection (WFI) 48.95
Total 100

F-210 was a smooth and opaque gel. The metreleptin and pramlintide concentrations were
confirmed by an RP-HPLC analysis. Using the same method of Injectability test as described in
Example 1, F-210 had a maximal injection force of 13.4 Newtons (average of 2 tests). Therefore,

F-210 is regarded as highly injectable and meeting the Acceptable Injectability Criterion.

25



0.20 L-nethinonine 0.10 Benzyl alcohol 1.00 Water for Injection (WI) 47.95
Total 100 F-216 was prepared as follow (1) Dissolve pramintide in the
met r el eptwo 28t2010k798 0l uti on whi ch cont ai ns sodi um gl ut aneC&/USe@R/0PE3S t he
solution through a 0.2 lamsterile filters to sterilize. (3) D ssolve ZnCl2
in Dl -water. Pass the solution through a 0.2 lamsterile filters to
sterilize. (4) Aseptically mx the filtered metreleptin and pramintide

OOE;; Ee ] Srat ure

metrel ept| n pram [ ntlde and ZnC12) usi ng the sane simlar nmethod as
descri bed in Exanple 1. (6) Aseptically conbine fine enulsion vehicle and
t he nibxZUr én phe foliedngt coBipmpition WS pOcparetl7 0486 PIBT/sti82 0nothod 16 1described in

Example 1. F-211 also contains the same concentrations of metreleptin and pramlintide as in F-

210 but with reduced POPC (24%)).

F-211 Composition

Component % (wt)
Metreleptin 4.00
Sodium glutamate 0.34
Pramlintide 0.28
1-Palmitoyl-2-oleoyl-sn-glycero-3-phosphocholine (POPC) 24.0
Medium chain triglycerides (Miglyol 812) 4.90
Sucrose 9.00
Ethylenediaminetetraacetic acid, dehydrate, disodium (EDTA) 0.20
L-methinonine 0.10
Benzyl alcohol 1.00
Water for Injection (WFI) 56.18
Total 100

F-211 was a smooth and opaque gel. The metreleptin and pramlintide concentrations were
confirmed by an RP-HPLC analysis. Using the same method of Injectability test as described in
Example 1, F-211 had a maximal injection force of 8.6 Newtons (average of 2 tests). Therefore,

F-211 is regarded as highly injectable and meeting the Acceptable Injectability Criterion.
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(7) Aseptically, renmove water by blowng with 0.2gmfiltered nitrogen gas
NF into the emulsion with stirring until the water content reaches final
wat er corwennizyovhe gel (i.e. 47. 59% . (8) Asepticall pCTriszonmlisie he gel
to uniformty. (9) Aseptically, centrifuge gel to renove air bubbles. (10)
Aseptically, fill 0.2-0.4 nL gel into each sterile syringe (e.g. BD 1 ni
syringe Luerlok Tip). (11) Aseptically seal the syringes wth Luer-I|ock
caps Jna No -ven} FLL Cag W | - . ore the
syrin ot is H n and
pram isnidde-s@centrati ons were confl rrred by an RP— HPLC anal ysis. Using the
sane nethod of Injectability test as described in Exanple 1, F-216 had a
maxi madl- 2161@@@]@6&11&)&116 fane eorskenttgions Newetplspiimoet prgmliofidRas l“eéﬂ@))ut Witle resiiogde,

F-216 a hI | ct abl d ti t he Acceptabl e

i et PO0GH pBigh Eha OS] e B BT B tsh et Doastxanpi e 6 -
Preparfajg]@ooﬁ osdedn Cont al ning Metreleptin & Pramintide with DMPG Na
(F-217) F-217 contains the same concentrations of netreleptin and

pram (ohfdmeds F-216 but with reduced POPC (26% . TnJadditiong (PYPG Na was
added|to stabilize the preparation. F-217 was prepared using the sane
met ho Maselqﬁmcri bed in Exarrpl e 5. F-217 Conposition Conponent 4%0( wt )
Metre H-A—4-—-00—Sodi+ UIIIUI ttatrate
So'dlurn glutamate 0.34
Pramlintide 0.28
ZnCl, 3.00
1-Palmitoyl-2-oleoyl-sn-glycero-3-phosphocholine (POPC) 28.0
Medium chain triglycerides (Miglyol 812) 6.13
Sucrose 9.00
Ethylenediaminetetraacetic acid, dehydrate, disodium (EDTA) 0.20
L-methinonine 0.10
Benzyl alcohol 1.00
Water for Injection (WFI) 47.95
Total 100

F-216 was prepared as follow:

(1) Dissolve pramlintide in the metreleptin stock solution which contains sodium
glutamate.

(2) Pass the solution through a 0.2 um sterile filters to sterilize.

3) Dissolve ZnCl, in DI-water. Pass the solution through a 0.2 um sterile filters to
sterilize.

(4) Aseptically mix the filtered metreleptin and pramlintide solution with the filtered
ZnCl; solution with stirring at room temperature for 30 min.

(5) Prepare a sterile fine emulsion vehicle (without metreleptin, pramlintide and ZnCly,)
using the same similar method as described in Example 1.

(6) Aseptically combine fine emulsion vehicle and the mixture prepared at Step 4.
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0.34 Pramintide 0.28 DWG Na 2.00 1 -P almtoyl-2-0 | eoyl-sn-glyc ero-3
-pho spho cho line (P OP C 26.0 Mediumchain triglycerides (Mglyol 812)
6. 13 Sucrweeo/0079%t hyl enedi am net etraaceti c aci d, dehy@#catusoidiogzdé um
(EDTA) 0.20 L-nethinonine 0.10 Benzyl alcohol 1.00 Water for Injection
(W)

(7 Aseptically, remove water by blowing with 0.2um-filtered nitrogen gas NF into the
emulsion with stirring until the water content reaches final water content in the gel
(i.e. 47.59%).

(8) Aseptically, mix well the gel to uniformity.

) Aseptically, centrifuge gel to remove air bubbles.

(10)  Aseptically, fill 0.2-0.4 mL gel into each sterile syringe (e.g. BD 1 mL syringe Luer-
lok Tip).

(11)  Aseptically seal the syringes with Luer-lock caps (Qosina Non-vented FLL Cap
w/Internal Pin, P/N 17542).

(12)  Store the syringes at 2-8 °C.

F-216 was a smooth and white gel. The metreleptin and pramlintide concentrations were
confirmed by an RP-HPLC analysis. Using the same method of Injectability test as described in
Example 1, F-216 had a maximal injection force of 19.2 Newtons (average of 2 tests). Therefore,

F-216 is regarded as highly injectable and meeting the Acceptable Injectability Criterion.
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50.95 Total 100 F-217 was a snooth and white gel. The netre leptin and
pram intide concentrations were confirnmed by an RP-HPLC anal ysis. Using the
sanme net WO 20f2/1700%ct abi lity test as described i n ExanplPeTAlS2H281i51had a
maxi mal injection force of 20.1 Newons (average of 2 tests). Therefore,
F-217 is regarded as injectable and neeting the Acceptable Injectability
Criterion. WD 2012/170796PCT/ US2012/ 041519 [00961Exanple 7 - Preparation

of a_n L drous °.‘-.=- Pr a...;. u‘%‘}ﬁu. mm%?\)m}h gugfzsgm

1.02 DMPG-Na (F-217)

F-217 contains the same concentrations of metreleptin and pramlintide as F-216 but with reduced
POPC (26%). In addition, DMPG-Na was added to stabilize the preparation. F-217 was

prepared using the same method as described in Example 5.

F-217 Composition

Component % (wt)
Metreleptin 4.00
Sodium glutamate 0.34
Pramlintide 0.28
DMPG-Na 2.00
1-Palmitoyl-2-oleoyl-sn-glycero-3-phosphocholine (POPC) 26.0
Medium chain triglycerides (Miglyol 812) 6.13
Sucrose 9.00
Ethylenediaminetetraacetic acid, dehydrate, disodium (EDTA) 0.20
L-methinonine 0.10
Benzyl alcohol 1.00
Water for Injection (WFI) 50.95
Total 100

F-217 was a smooth and white gel. The metreleptin and pramlintide concentrations were
confirmed by an RP-HPLC analysis. Using the same method of Injectability test as described in
Example 1, F-217 had a maximal injection force of 20.1 Newtons (average of 2 tests). Therefore,

F-217 is regarded as injectable and meeting the Acceptable Injectability Criterion.

29



G ycine* 2.04 Pol ysorbate 20* 0.01 Pramlintide 0.14 1 -P almtoyl-2-0

| eoyl -sn-glyc ero-3 -pho spho cho line (P OP C 22.0

1, 2- D myrwet201/+7816gl ycer o- 3- phosphogl ycerol , sodi um salPCT(USRMRGOMNS)9 10. 0
Medi um chain triglycerides (Mglyol 812) 21.92 dycerin 32

Et hyl enedi am netetraacetic acid, dehydrate, disodium (EDTA) 0.20

L- met hi noni ne 0. 10

[0096] Example 7 - Preparation of an Anhydrous Gel Containing Metreleptin &
Pramlintide (F-127)

F-127 Composition

Component % (wt)
Metreleptin® 2.00
Sodium glutamate* 0.17
Sucrose* 1.02
Glycine* 2.04
Polysorbate 20* 0.01
Pramlintide 0.14
1-Palmitoyl-2-oleoyl-sn-glycero-3-phosphocholine (POPC) 22.0
1,2-Dimyristoyl-sn-glycero-3-phosphoglycerol, sodium salt (DMPG-Na) 10.0
Medium chain triglycerides (Miglyol 812) 2192
Glycerin 32
Ethylenediaminetetraacetic acid, dehydrate, disodium (EDTA) 0.20
L-methinonine 0.10
Benzyl alcohol 1.00
Propylene glycol 1.40
Dehydrate alcohol 6.00
Total 100

* These components were carried into the formulation from the metroleptin stock solution used.

Procedure
The F-127 gel was prepared as follow:

1. Weigh out the required amounts of POPC, DMPG-Na, Medium chain triglycerides,
glycerin, metreleptin stock solution, pramlintide, EDTA, L-methionine and benzyl
alcohol into a container.

2. Add WFI to 4 times the batch size weight.

3. Mix well using a high shear mixer to obtain a primary emulsion.
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Benzyl al cohol 1.00 Propyl ene glycol 1.40 Dehydrate al cohol 6.00 Total 100
* These conponents were carried into the fornulation fromthe netrol eptin
st ock solwoOi2ore/118™d. Procedure The F-127 gel was prepar @dTas2610lobzae 1.

Wei gh out the required amounts of POPC, DWPG Na, Medi um chain
triglycerides, glycerin, nmetreleptin stock solution, pramintide, EDTA,

L- met hi oni ne and benzyl alcohol into a container. 2. Add W to 4 ti rres t he

b h 3. M [ 1 hi b
o onES i dlshise b utmer codSen foheoh et prt Rty fdafihl ™Y
emul si on uwgg Mod¥l §1-9f dRH HoZBkaik Mfﬁn& Qidutkiish 6y rddNERE MRt 4 RBRk oQQ{r IMJQ%

M 110EH) to tain a fine ‘emul sion by reducing the average oil dropl et size
to | ess thamles®thanh0) nmdinahaneer.

5. Adjust pH to 4.6 +/- 0.1 with HCI/NaOH.

6. Aseptically, filter the fine emulsion through a 0.2-micron filter (Nalgene) in a biosafety
hood to sterilize the emulsion.

7. Aseptically, remove water by freeze-drying the filtered emulsion until water content was
less than 1% to obtain paste.

8. Aseptically, add the required sterile dehydrate alcohol and sterile propylene glycol into
the paste to obtain a gel.

9. Aseptically, mix well the gel to uniformity.

10. Aseptically, centrifuge gel to remove air bubbles.

11. Aseptically, fill gel into sterile syringe (e.g. BD 1 mL syringe Luer-lok Tip).

12. Aseptically seal the syringes with Luer-lock caps (Qosina Non-vented FLL Cap
w/Internal Pin, P/N 17542).

13. Store the syringes at 2-8 °C.

F-127 was an opaque gel. The metreleptin and pramlintide concentrations were confirmed by an

RP-HPLC analysis. Using the same method of Injectability test as described in Example 1, F-

127 had a maximal injection force of 78 Newtons.
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5. Adjust pHto 4.6 +/- 0.1 with HCl/ NaOH. 6. Aseptically, filter the fine
emul sion through a 0.2-mcron filter (Nalgene) in a biosafety hood to
sterilizewDher2armoiosi on. 7. Aseptically, renove water byPCrasz@2auising the
filtered enmul sion until water content was |less than 1% to obtain paste. 8.
Aseptically, add the required sterile dehydrate al cohol and sterile

propyl ene glycol into the paste to obtain a gel. 9. Aseptically, mx well

the g uniformty. 10. Asepticall centrifuge gel to renove air

bubby 40097 1 " a Htil §  repbiR b & Gl o Spanfiont & gV BV EPTED 5

Syri ngeahligidd RIGIJédh-(F1%) Aseptically seal the syringes with Luer-|ock
caps (Qosina Non-vented FLL Cap w iInternal Pin, P/N 17542). 13. Store the
syringes at 2-8 C. F-127 was an opaque gel. The netreleptin and pranintide
concem-2aCompssiner e confirnmed by an RP-HPLC analysis. Using the sane net hod

of I nj@eilkhi ty test as described in Exanple 1, F127 had a may )
i nj ection force of 78 Newtons WD 2012/ 170796PCT/ 1US2012/ 041519
[0097]@&&@“@*2 - Preparation of a Gel Conposition Containing !\%QQeI eptin,
I\P/tra?:ﬂe S‘g‘giu:ﬁﬁgﬁta%ﬁé’@ T (F=27) F27 ComrosttTon Conponent % (W7
Sucrose* 1.02
Glycine* 2.04
Polysorbate 20* 0.01
Pramlintide 0.14
1-Palmitoyl-2-oleoyl-sn-glycero-3-phosphocholine (POPC) 30.00
Medium chain triglycerides (Miglyol 812) 9.32
Glycerin 32.00
Ethylenediaminetetraacetic acid, dehydrate, disodium (EDTA) 0.20
L-methinonine 0.10
Benzyl alcohol 1.00
Dehydrate alcohol 6.00
Water for Injection (WFI) 16.00
Total 100

* These components were carried into the formulation from the metroleptin stock solution used.

F-27 was prepared using the similar method as described in Example 7 (where WFI was added
with the dehydrated alcohol at Step 8). F-27 was a slightly translucent gel. The metreleptin and
pramlintide concentrations were confirmed by an RP-HPLC analysis. Using the same method of

Injectability test as described in Example 1, F-27 had a maximal injection force of 71 Newtons.
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2.00 Sodium glutamate* 0.17 Sucrose* 1.02 dycine* 2.04 Pol ysorbate 20*
0.01 Pramintide 0.14 1 -P almtoyl-2-0 | eoyl-sn-glyc ero-3 -pho spho cho
i ne (P GPOCP12300B6 Medi um chain triglycerides (M glyol PBTA)S2@28215@ ycerin
32.00 Et hyl enedi am netetraacetic acid, dehydrate, disodium (EDTA)

[0098] Example 9 - Prolonged Pharamacokinetic Profiles Delivered by F-27, F-127 and

F-0207 Following Subcutaneous Injections in Rats

This study was conducted to evaluate F-27 (a gel containing glycerin as described in EXAMPLE
8), F-127 (an anhydrous gel as in EXAMPLE 7) and F-207 (as in EXAMPLE 1) in rats by
comparing their blood concentration versus time profiles, i.e. pharamacokinetic profiles with a
reference formulations in which metreleptin and pramlintide were dissolved in an aqueous

solution at the same doses.

Rats were placed into treatment groups (9 in each group). Each formulation was administered
subcutancously at 20 mg/kg dose for metreleptin and 1.44 mg/kg for pramlintide. Blood samples
were taken at pre, 12, 24, 48, 72, 144, and 192 hr post-administration from the lateral tail vein.
The concentrations of metreleptin and pramlintide in plasma were measured by an

immunoenzymetric assay method.

All three gel compositions exhibited prolonged plasma-versus-time profiles for both metreleptin

and pramlintide compared to the solution formulation given at the same doses (FIG 2).

[0099] The contents of the articles, patents, and patent applications, and all other documents and
electronically available information mentioned or cited herein, are hereby incorporated by
reference in their entirety to the same extent as if each individual publication was specifically
and individually indicated to be incorporated by reference. Applicants reserve the right to
physically incorporate into this application any and all materials and information from any such

articles, patents, patent applications, or other documents.

[0100] The inventions illustratively described herein may suitably be practiced in the absence
of any element or elements, limitation or limitations, not specifically disclosed herein. Thus, for
example, the terms “comprising”, “including,” containing”, etc. shall be read expansively and
without limitation. Additionally, the terms and expressions employed herein have been used as
terms of description and not of limitation, and there is no intention in the use of such terms and
expressions of excluding any equivalents of the features shown and described or portions thereof,

but it is recognized that various modifications are possible within the scope of the invention

claimed. Thus, it should be understood that although the present invention has been specifically
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0.20 L-nethinonine 0.10 Benzyl alcohol 1.00 Dehydrate al cohol 6.00 Water
for Injection (W) 16.00 Total 100 * These conponents were carried into

t he for mwetom76T9ém t he metrol eptin stock sol uti on use®CTRS202waEs1Pr epar ed
using the simlar nethod as described in Exanple 7 (where WFl was added

wi th the dehydrated al cohol at Step 8). F-27 was a slightly transl ucent

gel. The netreleptin and pramintide concentrations were confirmed by an

RP- HPLC anal ysi s.. Usj ng the sane, net hod. of |Injectability test as.described
s s BT pRosert o iR S T jodgt kgrored e plons iolit atier of S

2012/ 3{QAA6RCHABSRALRL QLIRS [RRRBEEXAYBL ScsBried Q) @BgediRahaneapkhaet i
Profiles Delivered by F-27, F-127 and F-0207 Fol | ow ng Subcut aneous

| nj ectthayysch mo@Rications and variations are considered to be within the scope of this invention as

defined by the appended claims.

[0101] The invention has been described broadly and generically herein. Each of the narrower
species and subgeneric groupings falling within the generic disclosure also form part of the
invention. This includes the generic description of the invention with a proviso or negative
limitation removing any subject matter from the genus, regardless of whether or not the excised

material is specifically recited herein.

[0102] In addition, where features or aspects of the invention are described in terms of
Markush groups, those skilled in the art will recognize that the invention is also thereby
described in terms of any individual member or subgroup of members of the Markush group.

Other embodiments are set forth within the following claims.
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This study was conducted to evaluate F-27 (a gel containing glycerin as
descri bed in EXAMPLE 8), F-127 (an anhydrous gel as in EXAMPLE 7) and F-207
(as i n EXXORLEB/IY79%N rats by conparing their bl ood conceaTriskéieninsey sus
time profiles, i.e. pharamacokinetic profiles with a reference formul ati ons
in which netreleptin and pramlintide were dissolved in an aqueous sol ution
at the sane doses. Rats were placed into treatnment groups (9 in each

group tion was adm ni stered subcutaneously at 20 ng/ kg dose
for x@?é?ﬁiﬁéﬂAﬁﬁhﬁl?44 ng/ kg for pramintide. Blood sanples were taken at
pre, 12, 24, 48, 72, 144, and 192 hr post-adm nistration fromthe |ateral
tail vein. The concentratlons of nmetreleptin and pramintide in plasm were
measur ed byl an wneﬂﬁeemeyﬁemﬂpeqmegey met hod. All three geI conposi tions
exhi bi ted prolon [ iLl.e Ieptln and
pram intide corrpgir%% ee lgho?rH (iebl{r%gql %m(;l% tlsglr?céfi\]/‘crg% %ramt é8§arre doses
(FIG %}amllﬂtﬁﬁ%hloghmmaaptﬁnhﬁd einctldRpan bhalbgBAPPAt ents, and pat ent
applications, and all other docunents and electronlcally avai l abl e

i nf or mati on nen@pdﬂée%dﬂfW@g@ﬁﬁH@F@FHKW%P@”B@P65?%|ncorporated by reference

in their entiret jﬁg%g nﬁ%] ual publication was
specifically anéylng|V|d ’%Fg in @g ahl“ P%%%gkﬁbgted by reference.
Applicants reserlv)eoﬁﬁ%by‘ghghmfvpdlmrcaeslolvpnt ncorporate into this
application any and .all erlals and info tion fr n uch articles,
patents, patent vgwfﬁm &l i26 %Omwtlaflﬁe?xta@e@g@%rpgghfég%? R ISTRERK one
I T ustgrat b ek YydRsClta R el igsiPlate Wc@ﬁiﬁ@éﬁaﬂb%@"f&‘éé bERSmbR: thBgogbsence of
any elenment or elenments, [imtation or nltatlons not speC|f|caIIy
di scl dswdomrer ei n. Thus, for exanpl e, the terns "conprising”, "including,"
cont ai ni ng", etc. shaII be read expansively and w t hout Iinitation
Addltlonally tq%! nB anq expr. ere used as
e %on

terns of deSCrl ptl NPRO a’lmr%llt’g’t 1roen % fjltshe?(%tr?pslcﬁ% It-u |on in

t he uskro@fh 5060 1 aichBodNEbeakF@RS allwa%yﬁﬁgeemcamdtrﬂgoﬁWe efRity/aliehy an of the
features shown and described or portions thereof, but it is recognized that
varloﬂ@PkﬁﬁﬁﬁqqgﬁﬂP@W§eé@%ﬁﬁUg@Wﬁpe wi thin the scope of the invention
claimed. Thus, it should be understood that although the present invention
has been specifi 6

preferred enbodFﬁgﬁ%yanﬁﬁkég%%gééﬁﬁgégggresggégép¥|cafﬁgh§ghg&ﬂgppgtlon of
t he i nuaogi ons enbodi ed therein herein disclosed may be resorted to by

t hose skllled in.the art, and that suc& nodi fi.cati ons and variations are
consi dered 4 o b RiEChEATRREOE BT G SOPRVSRG MSRCELREF  REHCKYSE he
appen@ggoglalns [0101] The invention has been described broadly and
genericall'y herein. Each of the narrower species and subgeneric groupi ngs
falling within the generic disclosure also formpart of the invention. This
i ncludes tRe gerldeiges! emspasitipniadsledn ltarel, comprnsing nramlintide apd metrslgpin.
negative limtation renoving any subject matter fromthe genus, regardl ess
of whether .or n t i .

[0102] 1 S 11 O bR op S Rladh 57 W e Tl i £ BErh CordEhiElfbn
descr iabedk 1 ng/indr fos nadfircMprik usdh a‘@)‘v@d}ﬁ)&pwdgﬂmﬁ/@lls Korlpradlintidetviiehiatt hoiuds!

|l Vil AR OB apO b7 eSSBS %L%ﬁﬁgﬁg&z%ﬁémwsﬁ%éﬁ?
enbodi ments are set forth within the foll ow ng clains.

2012/ 170796PCT/ %%@?é%ﬂé&%ﬁ%glﬂlg MW@%M e metreleptin jts iy @flcentration

conposi tion, conprising l'east one active pharnaceuti cal
i ngr edingetof sbdc todbbutchh préptaimiintide jn ?accmcamtratmmrdgeaqfab@g 0. etorabbetpt i n,
and a gﬁ% | e tl? an (API'), 20 to 40% by wei ght of one or nore
phospf? 3 e*@‘? &% by wei ght of a mediumchain triglyceride oil, and
10 to 5696by wei ght of water or a sol vent

8. The gel composition of any of claims 1, 3 to 5, or 7, wherein the solvent is

glycerin.
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wherein said gel conposition is extrudable through a 25G 1/2 inch | ong
needle froma 1 cc syringe at an extrusion rate of 2 cc/mn by an applied
force of wo20vgo9han 90 Newt ons. 2. The gel compogiuse@n/oefs1el aim 1,
wherein the gel is thixotropic and extrudable through a 25G 1/2 inch | ong
needle froma 1 cc syringe at an extrusion rate of 2 cc/mn by an applied
force of no nore than 30 New ons. 3. The gel conposition of claim1l
or 2, conprising pramintide or a pramintide anal og. 4. The gel
conposition of ¢claiml or 2, conprising nmetreleptin or a netreleptin

anal og. 7 S.hepsbeqyRnostigndSny PhAtES bi3dPmy 9 brvhereip ippgql & qiggydrous.
pram intide and netrel eptin. 6. The gel conposition of claimb5,
wherei n theogel 1Ridt @ddgp%sﬁioﬂkﬁ%ﬁ?o?@lﬁﬁﬁsnf foaé,'v&}féréﬂﬁié%h%sﬁlﬂ/ligld ik PoOPC.
metrel eptin and above 10 picograninL for pramlintide within 24 hours
follow ng a subcutaneous injection of 20 ng/kg nmetreleptin and 1.44 nog/ kg
pram i ntiddli n rlegel compositiop of he ofelpingsohisol], mihgreibtheanedivmshan 6, wherein
t he releptin Syl ncentration range of about 2 to about 4% and
pran??%@?ééﬁkﬁﬂgségﬁ§8g§£§tion range of about 0.14 to about 0.28% by wei ght
of the gel. 8. The gel conposition of any of clains 1, 3 to 5, or 7,
wher ei n t hd2sol Vigtgel Songhositdiniof.any WOC12RALT th/ O] KbRSTd US2Q LR Bdd &hSprisesa 9.
The gel  conpo étiog of any OLFC|ainB 1, 3to 5 or 7, wherein the gel is

anhydrstbgizen g RISUETBR 8Lt TP T Angreihionine palysarbats, gnc ghlerds. AT fhe
phosphglivBiafoh shePFFC. 11. The gel conposition of any of clains 1 to
10, wherein the nediumchain triglyceride oil is Mglyol 812. 12.

The gel conposition of any of clains 1 to 11, wherein the gel further
conpri ses d3st abihcigebeongmisgmneay fof olnmsut tokd whyrain dreeged furthloT gompreschiaoni ne,

polysorbateti zinc chloride, or a conbination thereof 13. The ge
conpo%%??%ﬁ/%%y of clainms 1 to 12, wherein the gel further conprises a
preservati ve. 14. The gel conposition of claim 13, wherein the

preservative. i s Telgerté®abdsitimdfitRi@rigupheensths piaigrvefiviiiesietted eoasat ,
par aben, benzyl al cohol, chl orobutanol, thinerosol or a conbination thereof
15. AgEateasising ofrsaek pgsel prspbdehgiey] alrehel.chiqipburnnd, thiperpsld 6f aone
activ i gal ingredient selected frompranmintide, a pramintide
analog?Rﬁgkre g%%%ﬁa and a netreleptin analog (APl), 20 to 40% by wei ght of
one or nore phospholi pids,

15. A method for preparing a gel composition comprising,

at least one active pharmaceutical ingredient selected from pramlintide, a
pramlintide analog, metreleptin, and a metreleptin analog (API),

20 to 40% by weight of one or more phospholipids,

5 to 22% by weight of a medium chain triglyceride oil, and

10 to 56% by weight of a solvent

wherein said gel composition is extrudable through a 25G ' inch long needle from a 1 cc

syringe at an extrusion rate of 2 cc/min by an applied force of no more than 90 Newtons, the
method comprising:

Step 1: forming a primary emulsion comprising one or more phospholipid(s),

medium chain triglyceride oil, a stabilizer and an excessive amount of water;

Step 2: homogenizing the primary emulsion to form a fine emulsion with an

average droplet size between about 30 nm to about 200 nm in diameter;

Step 3: passing the fine emulsion through a 0.2-micron filter; and

Step 4: removing the excessive water to obtain a gel composition,
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5to 22% by weight of a nmediumchain triglyceride oil, and 10 to 56% by

wei ght of a sol vent wherein said gel conposition is extrudable

t hrough aw@2@21v7@796nch | ong needle froma 1 cc syringe &CTAIS2@2041539 on rate
of 2 cc/mn by an applied force of no nore than 90 Newtons, the nethod
conprising: Step 1. formng a primary enul sion conprising one or nore
phosphol i pid(s), nmediumchain triglyceride oil, a stabilizer and an
excessi ve anmount of water; Step 2: honogenizing the primary enul sion to
forma fine emul sion with an average droplet size between gbout 30 nmto
about 200 nm i nwem%l?a%%%@l Ispdded foghe RempesiEeTAhRIE ]oa’gt‘?i‘éugh a
0.2-mcron ki lg &kmﬁ%gﬁggggmﬂﬂﬁﬁ loving the excessive water to obtain a ge
conposition, erein the Iea%t ohe APl is added to the conposition at Step
1, 2, 3 or 4. atleast oh6 activaydlarnasrptsil ingredicwrspiecsi figm pramlintide, a  at | east

one active arnmaceut i cal . ingredien el ecte ompramintide, a

o ant i R AaBE: PhefiFin A f Bl RT AEPEMABDT n Anal 00 (AP, 20 to 40%
by wei ght of oneoas 40918 RHERINTIk B Sfore Phdsphfiady wei ght of a nedium
chain triglyceride oil, "and 10 to 56% by wel ght of water or a solvent for

use in the sust aitad8%anivaight ol inediuaf chahetrigtycriadseil.oné APl . 17. A
nmet hod for the Lhsakps or nR%hpunan manmal i an subj ect

orgd’ %giggta? dwrta%gr oT a SO

conpri sing adm ni'sterin o] Ssubj ect @ gel conposition as clainmed in

any offochsaiifmthelsubt@ind® administratiod 8f thEhie IdaBtdmedh”If cl ai m 17 for the treatnent
of a human or non-human mammal i an subject in need thereof to conbat at

| east one conditiogn selected fromdi abetes, type | diabetes, type |

di abetes, éic&@e@{@ei%% Frﬁa;ltnwebg‘f] ¥ BMyRIRE AN BYBRR i ghsUbisEsi t v,

hyper t.enslioi e aRMidit PO HlL RPN icc L eelRolPbsiGOROShini Nn SGY §ELIEMS T M4 - 207,
F-200, EP210% 21T, TR 218, ant E- 917,

18. The method of claim 17 for the treatment of a human or non-human mammalian
subject in need thereof to combat at least one condition selected from diabetes, type I diabetes,
type II diabetes, excess bodyweight, need for bodyweight reduction, obesity, hypertension and
lipodystrophy.

19. A gel composition selected from F-207, F-209, F-210, F-211, F-216, and F-217.
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