-1- THERAPEUTI C PEPTI DE COVPOSI TI ON AND METHOD Cross- Reference to
Rel ated Application This application clains the priority of U S.

Provi si omnsib 24pipi3pzzat i on Serial No. 61/343,815, filed 5 Way/u$201200@90 t he

di scl osures of which are incorporated in their entirety herein by
reference. Field of Invention This invention relates to

t herapeutic peptide conpositions and net hods of delivery for such 10
conpositions. Background of Invention Peptides are nmedi ators of biol ogi cal
functions. The unique intrinsic properties of peptides nmake peptides
attractive therapeutic agents because 15 peptides exhibit relatively high
bi ol ogi cal activity and specificity as well as relatively low toxicity.
Ther apeuti c pepti deSHERAREVEIRaPEPELRRHEONBOSHBREN cAND SMETHOR rel ati vel y

| ow stabilit susceptibility t n i c.degradation, relatively poor
tumor 20 pendTPRP, SRIFRSBARCEP RPAAFRENPEPIEGRRARE & fow PO 1 e
therapeutic peptides am@i%i apbeiahtebnatiyenst enet peiobiepharmaceuticals,
their stability and half-life in vivo continues to be a concern. 25 Summary

of InventionFrevigiesest Aphdiapsiphc Spepald¥ocohpddssdi 8BS, &ibedying the
present | gvephion PiBtice fodates kgl Lecnnoadn st edite 2
adm ni st er ed ipephiede. entirety herelRebi/hecapedhte.pepti de conpositions of
the present invention conprise the therapeutic peptide and
Field of Invention
This invention relates to therapeutic peptide
compositions and methods of delivery for such
10 compositions.
Background of Invention
Peptides are mediators of biological
functions. The unique intrinsic properties of peptides
make peptides attractive therapeutic agents because
15 peptides exhibit relatively high biological activity
and specificity as well as relatively low toxicity.
Therapeutic peptides in vivo have drawbacks, however,
such as relatively low stability, susceptibility to
enzymatic degradation, relatively poor tumor
20 penetration in cancer treatments, to name a few.
While therapeutic peptides are viable
alternatives to other biopharmaceuticals, their
stability and half-life in vivo continues to be a
concern.
25 Summary of Invention
The present therapeutic peptide compositions
embodying the present invention provide a depot-like

effect when administered to a patient, thereby



5 an al kyl N, N-disubstituted am no acetate, if desired, together with a
physi ol ogi cal |y acceptable carrier. The dosage and dosage form of the

t her apeutwo 2papi3pzfe i n any gi ven case depends on the comrdirtises ijoei7og
treated, the particular therapeutic peptide that is 10 used to treat the
condition, as well as the desired route of adm nistration. A
conposition conprising insulin and dodecyl 2-(N,N-di net hyl am no) propionate
hydrochl oride is particularly well suited for controlling blood glucose 15
| evel s in diabetic patients. Brief Description of Drawings 1In the

dr awi ngs, FIGURE 1 is a graph show ng bl ood glucose levels in
normal mce over a period of tinme after 20 adm nistration of insulin in

sal i ne and i rexteuskylg ZanyNxldi rrdehphamrape) tpcogiugrstion BEGURE 2 is a
graph of bl oocgli ser.um I e\éﬁl S ?:} Bi ot - Ri tuxan versus tine in sanples from
hansters t hat* ™ ISEEFEY, EFPEISEut aneous doses in saline and in dodecyl 2-
25 (N, N-di met hyl am no) meORheRdRutic peptide cbhgdBEt3ohs argeaph of bl ood
pl asma | evels of liraglutide versus tine in sanples frommce that received
subcut aneous R¥EsENt iy egitiigine glomparigel sheottherapewittiie perptwidehent dodecyl

2- (N, N-di t hyl i i te. t: . El RE.4 | h
o g b on e, AL P B0R R RLERE binine, acstatey i OROiREd! i &
Subout aneousliogat 18:9%ixal bg1gad o10%: DOM PHEdcpHaBI) chs-ugior over an

8- hour period; and 5 is a graph show ng bl ood gl ucose

| evel s in ni dde dosiagengng Sosghieg fotm pfukthr Shbsrarensdgspgprtnde. 9% sal i ne

d 20% DDAl RHCL H.10 8.5) i t ver.a 26-hour. period, the mce
ﬁgvi ng access 16 Fodd att §a%§gh:&§3\é%f‘?rrgflnj£88t F8H.glléé§g‘r F’Sllflgn of Preferred

Enbodi nents treated, the particular therapeutic peptide that is
10 used to treat the condition, as well as the desired
route of administration.
A composition comprising insulin and dodecyl
2- (N,N-dimethylamino) propionate hydrochloride is
particularly well suited for controlling blood glucose
15 1levels in diabetic patients.

Brief Description of Drawings

In the drawings,
FIGURE 1 is a graph showing blood glucose
levels in normal mice over a period of time after
20 administration of insulin in saline and in dodecyl 2-
(N,N-dimethylamino) propionate;
FIGURE 2 is a graph of blood serum levels of
Biot-Rituxan versus time in samples from hamsters that
received subcutaneous doses in saline and in dodecyl 2-
25 (N,N-dimethylamino) propionate;
FIGURE 3 is a graph of blood plasma levels of
liraglutide versus time in samples from mice that

received subcutaneous doses in a clinical formulation



Definition of Terms The term "peptide," as used herein and in the 15
appended clains, refers to any conpound containing two or nore am no acid
resi dues woinadi3psroan am de bond formed from the carboxpCTgrseup/ooi79one

am no acid residue and the am no group of the adjacent am no acid residue.
The ami no acid residues may have the L-form 20 as well as the D-form and
may be naturally occurring or synthetic, linear as well as cyclic. Al so
included within the term"peptide" as used herein and in the clainms are
pol ypepti des and peptide dinmers which can be peptides linked C-termnus to
N-term nus (tandem 25 repeats) or peptddes |linked C-terminus to Ctermnus
(parallel repeats). The term "t herapeutic peptide,” as used
herei n and i witheaappendéducl dodecgéndt ¢y, B-dioachyvanpepl i de that has
therapeutic utility. Illustrative -4- categories of therapeutic peptides
sui tabl e forpﬁPB&P%@FﬁgpFﬁéeBFésent i nvention are hornones, nonocl onal

anti bodi es, extracel | uragyRet 4i Xs( ECMapRPELERSng EHZYOBSg16¥ESKI Nnes and the
| i ke. 5Physiologically Acceptable Carrier: As used herein, the term

"physi ol ogi cakevglacdepmabeerearivény Rebeid/ko af dihsehin adjuvant,
excipient, or the like vehicle with which a therapeutic peptide is

adnmi ni st er ed SUBGBRABEPHSLYs 1Baf - BE §?é???eaP?q%?ﬁsPDﬁépéﬁgﬁ BHvwat er and

oi |l s, includ%ng)pFQSQag rp85é9|§H”b—ﬁ8£FB$e ﬂﬁgggﬁpﬁe, or synthetic origin,

such as peanut 0il, soybean oil, mneral ‘oI sesane oil, tocopherols and
the |ike, polyethyl eneFgyBBIl §, igl gcerapie, siprwipyd eneogd ywlgosr ot her

synthetic so carrj n a therapeutic

gvgnﬁs..vater 15 is.a.gre&egr y er when

peptide is a m ni &t afed*Fhit FEYend 9y.' al 1/ne? sof ut'i dhs and aqueous

dextrose andsgbyaeankogsl it iAang. gansal sfe bendpd yEmh BB- HCYugH carri ers,

particulg&lyéfgg iinjectable solutions. Suitable excipients include 20
ucose;

st ar ch, c FRCVBEBT SUBFo2e2OghPariRerind s, the delcs IRAFLINEhal K,

silica gel, gedbyn sbearahicatIbyrEHpL APROSt B} Ml€iod al ¢, sodium chloride,
dried skimm.lk, glycerol ropyl ene, glycol, water, ethanol, or any

) y N}
conpound f ouRBSFRIPRECPaRGBERIBF T PHAERRRELAEREF 25 Excipients (4th
edition, PharmaceuticahePig$ %oﬁngftfgrﬁéke. A mnor anount of wetting or
enul sifying agents, or pH buffering agents such as acetates, citrates, or
phosphat es may al so beTheesenth. “pPépoidant i dacieed dherein and in the

15 appended claims, refers to any compound containing two
or more amino acid residues joined by an amide bond
formed from the carboxyl group of one amino acid
residue and the amino group of the adjacent amino acid
residue. The amino acid residues may have the L-form

20 as well as the D-form, and may be naturally occurring
or synthetic, linear as well as cyclic. Also included
within the term “peptide” as used herein and in the
claims are polypeptides and peptide dimers which can be
peptides linked C-terminus to N-terminus (tandem

25 repeats) or peptides linked C-terminus to C-terminus
(parallel repeats).

The term “therapeutic peptide,” as used
herein and in the appended claims denotes a biocactive

peptide that has therapeutic utility. Illustrative



-5- agents such as benzyl al cohol or nethyl parabens; antioxidants such as
ascorbic acid or sodiumbisulfite; chelating agents such as

et hyl enedvermneetseinaaceti ¢ aci d; and agents for the adj esrmsaeirobo7voni city
such as 5 sodium chloride or dextrose may be present.

Therapeutically Effective Amount: As used herein, the term"therapeutically
effective anount" refers to those anounts that, when adm nistered to a
particul ar subject in view of the nature and severity 10 of that subject's
di sease or condition, will have a desired therapeutic effect, e.g. an
anount which wll cure, prevent, i nhi b€, or at |east partially arrest or
partially prevent a target disease or condition. |llustrative hornones are
t he insulins CaEegories REnkferRPEMtAC PEPLAESENSULEtAPBoE® ne i nsul in,

bi osynt het i ¢ RN Jagulil, CEMTULEN ) BhE s o SQUBL ASEALLDS VASOPT essin,

cal ci tonin, é%trogen, progestin, teStosterone, gl ucagon, §l ucagon-1Iike
peptide (GLPmbnoaldnalls aadbodsese. ¢xtrhceaghlbirdea2i¥l CECHAL), and the

| i ke. The nonocl onal anti bodi es can be of various_types, such as nouse,

chi rer a, hun&ﬁﬂ%é@?soreﬁﬁﬂﬁﬁsflFVG@kﬁaﬁﬁvénéhFﬁéréli?pe‘nnnoclonal

(REM CADS), Basi |1 xi by & ROFECTER Y s PR T Re ot FE 6t rati Y humant zed
monocl onal amleireddi, eghar € etmaspuzdivl ogHERCEP Th¥WepPabil ¢ 2apabet SYNAG S4) ,

Ef al i zumab (RAPTIVAe), and_the like. Illustrative human -6- nonocl onal
anti bodi es af&fAFS tRuRRB1LHERFRARY] UPaALY uRNAABLEVECTPBI FBF, 13Kk8 the |ike.

IIIustrativevggy%g%phhq%swﬁﬁghfngﬂggggkgBigi#égggagiﬂ tenascin, and the

like. 5lllustrative enzynes are glucoc ros Embse, hyal ur oni-dase,
ur oki nase, alkphdndaleckdsi daseh hataigakachasbdaseerabd thqulidke.
IIIustratéve cytokines are the a and interferons, the |ynphokines,

P, . Y,
e.g., intBr| Stkinas wagernesr| ediken. sncépginghtharegPEnReEbEYLRUM,

ol ony- St Muakiad | ebat abGeCSE): sfninerib! BE23EHM <GERNMLOGYLALERCT OPRAgE
col ony-stinulating factor (GwW
oil, soybean oil, mineral oil, sesame o0il, tocopherols
and the like, polyethylene glycols, glycerine,
propylene glycol, or other synthetic solvents. Water
15 is a preferred carrier when a therapeutic peptide is
administered intravenously. Saline solutions and
aqueous dextrose and glycerol solutions can also be
employed as liquid carriers, particulafly for
injectable solutions. Suitable excipients include
20 starch, glucose, lactose, sucrose, gelatin, malt, rice,
flour, chalk, silica gel, sodium stearate, glycerol
monostearate, talc, sodium chloride, dried skim milk,
glycerol, propylene, glycol, water, ethanol, or any
compound found in the Handbook of Pharmaceutical
25 Excipients (4 edition, Pharmaceutical Press) and the
like. A minor amount of wetting or emulsifying agents,
or pH buffering agents such as acetates, citrates, or

phosphates may also be present. Also, antibacterial



CSF), reconbinant, e.g., nolgranostim sargranostim (LEUKINe), and the

| i ke. 15The al kyl N, N-di substituted am no acetates suitable for present

pur poses woeorigEseented by the fornula R30HRL 1111/ CHP8T(US2H1299796 C -0 - C
-C-NII\ RARR2 20 wherein n is an integer having a value in the range of
about 4 to about 18; R is a nmenber of the group consisting of hydrogen, Cl
to C, al kyl, benzyl and phenyl; R and Ry are nenbers of the group

consi sting of hydrogen and C, to C, alkyl; and R3 and R4 are nenbers of 25
the group consisting of hydrogen, nethgl and ethyl. -7-

Preferred al kyl (N, N-di substituted am Ad)- acetates are C, to Cn al kyl

(N, N-di substituted am no)-acetates and C, to Cn al kyl (N, N-di substituted
am no) - propikgeates sashwels| bepzphapdaobotli cal ngthrtepaudbens; salts and
derivatives thereof.

,_Exenpl ary specific.al kyl -2- (N, N-di supstituted
am no) - atet aPbe \CACTRTE CUBUEEy FopSERORCA B A & FOS B off Bhat 6C¢ DAl P)
OH CH3 CH3- (enE2ht9ng aBen€s_3ubh hsCHB cABdi dQUREYEt raacetic
2- (N, N-di net hyl am no) -acetate (DDAA): HOH 1111/ CH3
acid; and agents for the adjustment of tonicity such as
5 sodium chloride or dextrose may be present.

Therapeutically Effective Amount: As used
herein, the term “therapeutically effective amount”
refers to those amounts that, when administered to a
particular subject in view of the nature and severity

10 of that subject’s disease or condition, will have a
desired therapeutic effect, e.g. an amount which will
cure, prevent, inhibit, or at least partially arrest or
partially prevent a target disease or condition.

Illustrative hormones are the insulins, e.g.,

15 human insulin, bovine insulin, porcine insulin,
biosynthetic human insulin (Humulin®) etc.,
somatostatin, vasopressin, calcitonin, estrogen,
progestin, testosterone, glucagon, glucagon-like
peptide (GLP-1) and its analogs, e.g., liraglutide

20 (VICTOZA®), and the like.

The monoclonal antibodies can be of various
types, such as mouse, chimera, humanized, or human.
Illustrative chimera-type monoclonal antibodies are
Rituximab (RITUXAN® ), Cetuximab (ERBITUX’), Infliximab

25 (REMICADE’), Basiliximab (SIMULECT’), and the like.
Illustrative humanized monoclonal antibodies are
Trastuzumab (HERCEPTIN@), Palivizumab (SYNAGIS®),

Efalizumab (RAPTIVA®), and the like. Illustrative human



CHCH1 3 . - 2,10-C-0 ----C-CNI1I\ HHCH3
Al

kyl -2- (N, N-di substltut ed am no)-acetates are known. For exanple, dodecyl
2- (N, N- diwet2hylasino) - propi onate (DDAIP) is avail abl e fcorossueneizds, Lt d.
20(Chicago, Ill). In addition, alkyl-2-(N N disubstituted

am no) - al kanoat es can be synthesized fromnore readily avail abl e conpounds
as described in U S. Patent No. 4,980,378 to Wng et al., which is
incorporated herein by reference to the extent that it 25 is not

i nconsi stent. As described therein, alkyl-2- (N, N-disubstituted

am no)-acetates are readily prepared vPa a two-step synthesis. In the first
step, long chain alkyl chloroacetates are prepared by reaction of -8- the
cor r espondi ngndneeg coledi rnglibaddles wireh AdallomymabhyHUMBRSrof or mat e or t he

like in the presence o E'ate e such as triethylam ne,
typically in% n5131 a& a‘?f@ﬁﬁﬁgu h %régaﬁf%rg@%?m The reaction can 5 be
depicted as follows: R3QhukkhkR- @@MHékptlgéQHafeCE1b§bn6ct§h -0"- Il R4R

R3OH Il CH3-(CH2), -C-0 -C-C-C
vitronectin, tenascin, and the like.

5 Illustrative enzymes are glucocerebrosidase,
rhDNase, hyaluronidase, urokinase, alpha galactosidase,

beta galactosidase, and the like.

Illustrative cytokines are the «, B, and vy
interferons, the lymphokines, e.g., interleukin-2,

10 interleukin-6, etc., human granulocyte colony-
stimulating factor (G-CSF), e.g., filgrastim,
granulocyte macrophage colony—étimulating factor (GM-
CSF), recombinant, e.g., molgramostim, sargramostim
(LEUKINE®), and the like.

15 ' The alkyl N,N-disubstituted amino acetates

suitable for present purposes are represented by the

formula
A e
CH3—(CH,), —C—O0—¢C C—N
| I AN
R4 R R

20 wherein n is an integer having a value in the range of
about 4 to about 18; R is a member of the group
consisting of hydrogen, C, to C, alkyl, benzyl and
phenyl; R, and R, are members of the group consisting of
hydrogen and C, to C, alkyl; and R, and R, are members of

25 the group consisting of hydrogen, methyl and ethyl.



, RAR wherein n, R IR', R R3 and R4 are defined as above. The reaction
tenperature may be selected from about 10 degrees Cel sius to about 200
degrees GabD2ousi3ed7orefl ux, 10 with room tenperature bei rgTArSedi@no@do The
use of a solvent is optional. If a solvent is used, a wi de variety of
organi ¢ solvents may be selected. Choice of a base is |ikew se not
critical. Preferred bases include tertiary am nes such as triethylam ne,
pyridine 15 and the |ike. Reaction time generally extends from about one

hour to three days. In the second step, the |ong chain al kyl
chl oroacetate is condensed with an appropriate am ne according to the
schenme: -9- F30H Il CH3-(CH2),-C-0-CCClL + HNRIR2 -"- |l RARR3OH 1111

CH3-(CH2), -C -0 -C -CPrReR2ed aRARIWHYL NrdiapbRriRhted2amifpg)and R, are
defi ned as before. Excess qilnj:ne rea used as.the base and
try

t ] typi | ]
the reacti on 3§ @5RTe M En ‘8oﬁdu8ﬁ%§rfi ﬁﬁZNé%f%‘g%I?téYE‘é'f% Nt E0eh™ as et her.

This second siRRatesPa@leabty &M HIkdl (R0 & LHRSE AL thi €ed ddhDRsDh
tenperature nmay vary. Reaction tinme usually varies from about one hour to

several dayspropivsatiesnals pedilf ksaphenmaeehhigadsycancbptappki ed to ready
Lhe resul b1 ng S9Ler Lok U3 3P IBLIRERU T B3 gPIROUDg. 10T amount of
alkyl-2-(N,N-disubstituted amino) -acetates include

dodecyl 2-(N,N dimethylamino)-propionate (DDAIP):

CHj

/
10

and dodecyl 2- (N,N-dimethylamino)-acetate (DDAA) :

T
s CH3—(CHjp)q—C—O0—C—
!
Alkyl-2-(N,N-disubstituted amino)-acetates
are known. For example, dodecyl 2-(N,N-dimethylamino) -
propionate (DDAIP) is available from Steroids, Ltd.

20 (Chicago, Ill). 1In addition, alkyl-2-(N,N-
disubstituted amino)-alkanocates can be synthesized from
more readily available compounds as described in U.S.
Patent No. 4,980,378 to Wong et al., which is
incorporated herein by reference to the extent that it

25 is not inconsistent. As described therein, alkyl-2-
(N,N-disubstituted amino) -acetates are readily prepared
via a two-step synthesis. 1In the first step, long

chain alkyl chloroacetates are prepared by reaction of



am noacetate, such as DDAIP, present in the therapeutic peptide
conpositions can vary, and depends in part on the particular peptide to be
adm ni st ewedons13w®Eb| as the route of adm nistration. 15PhiraSeoneni7oon i s
further illustrated by the foll ow ng exanples. Exanple 1: Delivery of
Insulin in DDAIP Insulin (Bovine insulin, Sigma) at a 20 concentration of
3.2 1UmM) was adm ni stered subcutaneously (single dose, 0.4 | U nouse) to
normal mce, in DDAIP (free base) (n=3) and in phosphate -10- buffered
saline (n=2) The bl ood glucose levels after injection were nonitored before
administration and at various tinme int8rvals thereafter. The results are
shown in FIGURE 1 and indicate that DDAIP has a depot 5 |ike releasing

ef fect on t héheherapesprodpept Ldeg shehnaslkasalEnwithl ¢hbkpradmethyl

subcut aneousl y. Ex%ngletZ: De 've;g of.anchonaI Anti b dg i n DDAI P

For nul at i ons “6f °6i°6ET AYT-&t 84 uxi b *PBF8E- P16SRITENAN) 2T 9. 4 my/ i),
DDAl P free bagerogirthee ﬂageoéu§ﬁ9%%mk¥le%ﬂ?lﬁ@hﬁ@%ye%?Yégﬂﬁy(EH)aSOFbltan
nonol aurate (Tween 20) (5% wv) in 0.1 M phosphate buifer at” pH of either

5.5 or 7.4 wsuétpbdpasedvent aushnist ehédrefogmoupthef reaceeonapdners
subcut anegusl y gSC%C%% a_15.si gle_dose. The adm ni stered doses were 10

ng/ kg subtut Zneous y. gn%?he? 3 8ﬁp of three hansters received

subcut aneously 10 ng/ kg of Biot-RI TUXAN(r) in saline. Sanples of blood (100
m) were collected from20 the aninmals in red serumtubes kept on ice. The

col l ected sanples were pr&eessed by céntriff ugati on at about 3,000 RPM for
about ten ninut%ﬁg;u%aﬁuuéﬂigﬁ s gL'jjﬂ#_§8fUﬂLmaS transferred to
ubés, pl"

pol ypr opyl ene t ptaced into dry ice tjo freeze and then stored at 25
m nus 80C until analyzed. Rfhe cell fractien obtai ned by centrifugation was
di scar ded. The obtained data are pgesented inyFI GURE 2. The
formul ations at a pH of about 7.4 provided an|” i ncregse In area under the
curve (AUC) of about 21% for the coposCtihomeonmPamtng—@bot®d 4.9 percent
by wei ght DDAI P and about 46% for the conposilion contaifing 36.9 percent
by wei ght of DDAIP as conpared to Biot-RI T
wherein n, R, R,, R,, R, and R, are defined as above.
The reaction temperature may be selected from about 10
degrees Celsius to about 200 degrees Celsius or reflux,
10 with room temperature being preferred. The use of a
solvent is optional. 1If a solvent is used, a wide
variety of organic solvents may be selected. Choice of
a base is likewise not critical. Preferred bases
include tertiary amines such as triethylamine, pyridine
15 and the like. Reaction time generally extends from
about one hour to three days.
In the second step, the long chain alkyl

chloroacetate is condensed with an appropriate amine

according to the scheme:



5 in saline. Exanple 3: Delivery of 3 ucagon-like Peptide 1 (GP-1) Anal og
in DDAIPFICL Male ICR (CD-1) mce were obtained from 10 Harl an, USA. The

m ce wer evappriondirat el y seven weeks ol d, had an aver agepagiushe11obo7about 36
grams, and were fed food and water ad |ibitum The experinmental groupings
are shown in Table |, below Liraglutide (VICTOZA2) was conbined with 5% 15
w/ v DDAI P hydrochl ori de (DDAIPHCL) and the resulting clinical formulation
was adm ni stered i medi ately after preparation to a group of 21 m ce

subcut aneously (SC) as a single dose. The adm ni stered doses were 600

m crograns (g)/nouse in 100 microliter3-(gl) 20 subcutaneous. Another group
of 21 mce received subcutaneously a clinical fornulation of |iraglutide

wi t hout DDAI PHCL present. A group of three mce received no treatnent and
were used as baseline contRels. 2% W3 2011/ 139370PCT/ US2011/ 000790 -12-
‘Fl)'glr:)l e |. Experi rae_’gt_akICHg‘o_uéll ng, I\/bglse bou& Irg@&maznr_mse per Mouse Vol une

I

R4 R
Rj o)
I Il
CH3_(CH2)n —Cl—O C

NR4R

D—O—I

R4
wherein n, R, R,, R,, R, and R, are defined as before.
Excess amine reactant is typicaliy used as the base and
the reaction is conveniently conducted in a suitable
solvent such as ether. This second Step is preferably

5 run at room temperature, although temperature may vary.
Reaction time usually varies ffom about one hour to
several days. Conventional purification techniques can
be applied to ready the resulting ester for use in a
pharmaceutical compound.

10 The amount of alkyl N,N-disubstituted
aminoacetate, such as DDAIP, present in the therapeutic
peptide compositions can vary, and depends in part on
the particular peptide to be administered as well as
the route of administration.

15 This invention is further illustrated by the

following examples.

Example 1: Delivery of Insulin in DDAIP
Insulin (Bovine insulin, Sigma) at a
20 concentration of 3.2 IU/ml) was administered
subcutaneously (single dose, 0.4 IU/mouse) to normal

mice, in DDAIP (free base) (n=3) and in phosphate



Mouse Route Reginmen Bl eeds per tine point 1 Liraglutide 600 lig 100 p.1 SC

Once n =3 (n = 21) (Victozae) Note (a) dinical Formulation
WO 2011/139370 PCT/US2011/000790

-10-

buffered saline (n=2) The blood glucose levels after
injection were monitored before administration and at
various time intervals thereafter. The results are
shown in FIGURE 1 and indicate that DDAIP has a depot
5 1like releasing effect on the therapeutic peptide, such

as insulin, delivered subcutaneously.

Example 2: Delivery of Monoclonal Antibody in DDAIP
Formulations of biotinylated Rituximab (Biot-
10 RITUXAN®) (9.4 mg/mL), DDAIP free base (either 4.9 or
369% w/v) and polyoxyethylene (20) sorbitan monolaurate
(Tween® 20) (5% w/v) in 0.1 M phosphate buffer at pH of
either 5.5 or 7.4 were prepared and administered to
groups of three hamsters subcutaneously (SC) as a
15 single dose. The administered doses were 10 mg/kg
subcutaneously. Another group of three hamsters
received subcutaneously 10 mg/kg of Biot-RITUXAN® in
saline.
Samples of blood (100 ml) were collected from
20 the animals in red serum tubes kept on ice. The
collected samples were processed by centrifugation at
about 3,000 RPM for about ten minutes. The obtained
supernatant serum was transferred to polypropylene
tubes, placed into dry ice to freeze and then stored at
25 minus 80°C until analyzed. The cell fraction obtained
by centrifugation was discarded.
The obtained data are presented in FIGURE 2.

The formulations at a pH of about 7.4 provided an



Not e (b) 2 Liraglutide 600 p.g 100 p.1 SC Once n = 3 (n = 21)
(Victozae) dinical
WO 2011/139370 PCT/US2011/000790
-11-

10

15

20

25

increase in area under the curve (AUC) of about 21% for
the composition containing about 4.9 percent by weight

DDAIP and about 46% for the composition containing 36.9
percent by weight of DDAIP as compared to Biot-RITUXAN®

in saline.

Example 3: Delivery of Glucagon-like Peptide 1 (GLP-1)
Analog in DDAIPeHCl

Male ICR (CD-1) mice were obtained from
Harlan, USA. The mice were approximately seven weeks
0ld, had an average weight of about 36 grams, and were
fed food and water ad libitum. The experimental
groupings are shown in Table I, below.

Liraglutide (VICTOZA®’) was combined with 5%
w/v DDAIP hydrochloride (DDAIP*HC1l) and the resulting
clinical formulation was administered immediately after
preparation to a group of 21 mice subcutaneously (SC)
as a single dose. The administered doses were 600
micrograms (ug)/mouse in 100 microliters (ul)
subcutaneous. Another group of 21 mice received
subcutaneously a clinical formulation of liraglutide
without DDAIPeHCl present. A group of three mice
received no treatment and were used as baseline

controls.



Note (a) Fornulation + 5% w v DDAI P HC 3 None NA NANANAN
(n = 3) (Baseline Control)
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Table I. Experimental Grouping.

Mouse Treatment Dose Volume | Route | Regimen | Bleeds
Group per per per time
Mouse Mouse point
1 Liraglutide 600 pg 100 ul | SC Once n=3
(n=21) (Victoza®) Note (a)
Clinical Formulation
Note (b)
2 Liraglutide 600 pug 100ul | SC Once n=3
(n=21) (Victoza®) Clinical Note (a)
Formulation + 5%
w/v DDAIP *HCI
3 None N/A N/A N/A N/A n=3
(n=3) (Baseline Control) Time=0

Note (a) to Table I: Time points were 15 min., 30 min.,
1 hr., 2 hr., 4 hr., 12 hr., and 24 hr. post-dosing

Note (b) to Table I: Each 1 milliliter of the clinical
formulation contains 6 mg of liraglutide. Each pre-
filled pen contains 3 ml of solution containing 18
milligrams of liraglutide (free-base anhydrous) and the
following inactive ingredient: 1.42 milligrams disodium
phosphate dihydrate, 14 milligrams propylene glycol,
5.5 milligrams phenol and water g.s. for injection.
Blood Collection:

At each time point shown in Table I, groups
of mice (n=3 per data point) were anesthetized with
isoflurane prior to a terminal cardiac bleed being

performed with a 25 gauge needle. Blood samples were
collected into K,EDTA tubes and centrifuged at 10,000
rpm and a temperature of 4 °C for 10 minutes. Plasma

samples were collected and stored at minus 80 °C until

analyzed by LCMS-MS.

3



Time= 0 Note (a) to Table I: Tine points were 15 mn., 30 mn., 51
hr., 2 hr., 4 hr., 12 hr., and 24 hr. post-dosing . Note (b) to Table I:
Each 1 mwbi2bitte37of the clinical fornulation contains @cmgsediiiode7agl uti de.
Each pre-filled pen contains 3 m of solution containing 18 10 m|ligrans
of liraglutide (free-base anhydrous) and the follow ng inactive ingredient:
1.42 mlligranms disodium phosphate di hydrate, 14 mlligrans propyl ene
glycol, 5.5 mlligranms phenol and water g.s. for injection. 15 Bl ood

Col | ecti on: At each tinme point shown in Table I, groups of mce
(n=3 per data point) were anesthetized®ith isoflurane prlor to a term nal
cardi ac bl eed being perforned with a 25 gauge needl e. Bl ood sanples were 20
col I ected i ntRes@RETAndiifencdneicant ri fuged at 10,000 rpm and a tenperature

of 4 Cfor 10 m nutes sanpl es re.col |l ec nd stored at m nus 80
C until analyzed by LG%G%%F:‘} f@owﬁeggfeet ?hﬁﬁﬁa%%&fqﬁ lSnpmflge

FI GURE 3 showgrddie Wd%%déetdr%a%@h't' o3 caf 1eragubeytianeausrblupat ment
with liraglutide in Goups 1 and 2. Table Il below, details individual 5

phar macoki netl @r;ﬂar%,rret’ltafslecdllcmeﬁltow dethibk $odavidnel2. 0 software

(Summt Resear.ch Ser l.ces Mont.r o s% CO). 1I cQ arl%%n pikO gt EL% W th
liraglutide TR Cmﬂagtalmc? eXPo e PR EEHdit-n FEt S8t AI PHC1
resulted in Iowersdécwaiid A(légnmltue&seb&c@o@bﬁ:@&beswm@aﬁm@traboon with 5%
w v DDAIPHCl1 resulted in higher t 1/2, vd and MRT val ues. |In _concl usion,

this study i lJrustomaes admatta i’c«,rre@mntcafllrtyt ﬁéifé@éﬁﬂilgﬁstlénﬁélpéﬁéﬂs of
|l iraglutide can be achi eved when _dosing with 5% w/ v DDAI PHC1_ fornul ati on.

Furt her nor e, IQRRIETjo0 Alongn the ﬁﬁdﬁltépﬁeﬂff 5F ¥/ VoRGEAPNET Y od of tine
than with the L jni&al; f arggyatd onaph Abéwafmsandzﬁe&&ﬁarggétrl bution to

ti ssues (Vd), thus DDAl Pcontain"ig fornulations provide a clinical
advant agd0 administration with 5% w/v DDAIPeHCl resulted in higher

t .., Vd and MRT values. In conclusion, this study
illustrates that therapeutically-relevant systemic
levels of liraglutide can be achieved when dosing with
a 5% w/v DDAIPeHCl formulation. Furthermore, such

15 1levels can be maintained for a longer period of time
than with the clinical formulation (t ,,,, MRT) and
better distribution to tissues (Vd), thus DDAIP-

containing formulations provide a clinical advantage.
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Paranmeter (units) (Goup 1) Liraglutide (VICTQZ" Chrax (ng/nL) 81,560 Tnax
(hr.) 4.0woBaf12393w.) 15.7 Vd (nmL) 201 CL(m /hr) 18. 1PCAUS2¢10/2050
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Table II. Results of the LCMS-MS Analysis of the

Samples.
Formulation Parameter (units)
Cmax (ng/mL) 81,560
(Group 1)
Liraglutide Tmax (hr.) 4.0
(VICTOZA®) T1/2 (hr.) 15.7
Vd (mL) 201
CL(mUl/hr) 18.1
AUC (0-24) (ng-hr/mL) 1, 128,000
AUC (0-) (ng- hr/mL) 1,323,000
Mean Residence Time (MRT, hr.) 13.1
Cmax (ng/mL) 20,370
((?roup 2) Tmax (hr.) 4.0
Liraglutide
(VICTOZ A®) T1/2 (hr.) (extrapolated) 253
with Vd (mL) 1,024
3% wiv CL (ml/hr) 363
DDAIP-HCI
AUC (0-24) (ng-hr/mL) 356,900
AUC (0-) (ng- hr/mL) 661,800
Mean Residence Time (MRT, hr.) 30.1

Example 4: Effects of Insulin in DDAIP-HCl on Blood
5 Glucose Levels
Insulin (2.5 IU/kg) was combined with 0.9%
saline and 20% w/v DDAIP-HCl in water (pH 8.5) and was
administered subcutaneously (SC dose, 5 ml/kg) to male
C57BL/6J mice, (n=6, Jackson Labs., average weight of
10 33.4g). For comparison, insulin (2.5 IU/kg) in 0.9%
saline without DDAIP-HCl was also administered
subcutaneously to mice (n=6). The mice were initially

dosed with insulin in the fed state, then food was



1, 128,000 AUC (0-00) (ng- hr/mL) 1,323,000 Mean Residence Tine (MRT,
hr.) 13.1 (Goup 2) Liraglutide (VICTQZA(r)) with 5% w v DDAIPIICl Crax
(ng/ M) 28902¢0/13%3max (hr.) 4.0 T1/2 (hr.) (extrapol at e#LCTAB2@ 1/0MF9¢ L)
1,024 CL (m/hr)
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withdrawn after SC dosing and food was reintroduced to
the mice at eight hours after injection. Water was
available ad libitum at all times.

Blood glucose levels were measured before
administration and were monitored after injection at
various time intervals thereafter, using a hand-held
glucometer (ACCU-CHEK®, Aviva). Blood samples were
obtained from the tail vein initially (To), and afterx
dosing at time points of 15 minutes, 30 minutes, 1 hour,
2 hours, 3 hours, 4 hours, 6 hours, 8 hours, 10 hours,
and 26 hours.

The changes in blood glucose levels are shown
in FIGURE 4 for mice receiving 2.5 IU/kg insulin
subcutaneously over a period of six hours, before being
given access to food, and in FIGURE 5 for the mice over
the entire 26-hour period.

The obtained data presented in FIGURE 4 show that
over the period of 0-6 hours, the AUC value achieved
with insulin in saline was 778 + 53 and the AUC value
achieved with insulin in saline with 20% DDAIP-HCl was
621 + 29 (at a confidence level of P=0.0256 by two-
tailed t-test). The obtained data presented in FIGURE 5
show over a period of 0-26 hours, the AUC value achieved
with insulin in saline was 3,453 + 170 and the AUC value
achieved with insulin in saline with 20% DDAIP-HCl was
2,567 = 80 (at a confidence level of P=0.0008 by two-
tailed t-test). »

The results indicate that the AUC values at 0-

6 hours and at 0-24 hours were significantly lower in



36.3 AUC (0-24) (ng-hr/nL) 356,900 AUC (0-co) (ng- hr/nL) 661,800 Mean
Resi dence Tine (MRT, hr.) 30.1 Exanple 4: Effects of Insulin in

DDAl P- HClwonoBlioemio5 G ucose Level s | nsul i NPC2AUB201W0kayPo was
conmbined with 0.9% saline and 20% w v DDAIPHCL in water (pH 8.5) and was
adm ni st ered subcut aneously (SC dose, 5 m/kg) to male C57BL/6J m ce, (n=6,
Jackson Labs., average weight of 10 33.4g). For conparison, insulin (2.5
U kg) in 0.9% saline without DDAIP-HC1 was al so adm ni stered

subcut aneously to mce (n=6). The mce were initially dosed with insulin in
the fed state, then food was -15- wi th8fawn after SC dosing and food was
reintroduced to the mce at eight hours after injection. Water was
avai | abl e adthiokiet micat ialjbctedesitBl bosublucbsesdbime swit 2 Gleasiir ed

before 5 adm_ni stratio d nonitored after. injection at,various timne
“ntervals tn2adFr BF 1 Jefgoh hBRE. Rl B EF ubsher e (hot G v vay |
Bl ood sanpl esawenhe,ohtahBad bpanpt heltpiésaetn iThé i ablyifdo)f Z0fd after
dosing at tine _points of 15 mnutes, 30 mnutes, 1 hour
DDAIP-HCl1 to increase the effectiveness of SC
5 administered insulin was illustrated by the larger
decreases in blood glucose levels at individual time

points and by the lower AUC values throughout the
duration of the study.

Parenteral delivery is preferred for the
10 present compositions. Particularly preferred is
subcutaneous delivery to maximize the depot effect.

The present compositions can be formulated as
solutions, lyophilized powders, capsules, tablets,
liposomes, and the like dosage forms depending on the

15- particular therapeutic peptide and the desired route of
administration.

Dosage forms suitable for the therapeutic
peptide compositions include parenteral solutions,
capsules, tablets, suppositories, gels, creams, and the

20 1like.

The foregoing description and the examples
are intended as illustrative but are not to be taken as
limiting. 8Still other variations within the spirit and
scope of the present invention are possible, and will

25 readily present themselves to those skilled in the art.
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10 wherein n is an integer having a value in the range of
about 4 to about 18; R is a member of the group
consisting of hydrogen, C, to C, alkyl, benzyl and
phenyl; R, and R, are members of the group consisting of
hydrogen and C, to C, alkyl; and R, and R, are members of

15 the group consisting of hydrogen, methyl and ethyl.

3. The composition in accordance with claim
1 wherein the therapeutic peptide is insulin and the
alkyl N,N-disubstituted amino acetate is dodecyl 2-
(N,N-dimethylamino) propionate.

20 4. The composition in accordance with claim
1 wherein the therapeutic peptide is insulin and the
alkyl N,N-disubstituted amino acetate is dodecyl 2-
(N,N-dimethylamino) propionate hydrochloride.

5. The composition in accordance with claim

25 1 wherein the therapeutic peptide is a monoclonal

antibody.



Dosage fornms suitable for the therapeutic peptide conpositions include
parenteral solutions, capsules, tablets, suppositories, gels, creans, and
the 20 1iW®©.2011/139370 The foregoing description and treTasanploerIar e
intended as illustrative but are not to be taken as limting. Still other
variations within the spirit and scope of the present invention are
possible, and will 25 readily present thenselves to those skilled in the
art. -17- Claims 1. A conposition which conprises a therapeutic peptide,
an al kyl N, N-di substituted am no acetate, and a physiol ogically acceptable
carrier. 52. The conposition in accordahice with claim 1 wherein the
therapeutic peptide is insulin and the al kyl N N-disubstituted am no
acetate is representedéby The C@WHQ$BFFEWH¥H.4¢¢OI§€P?Q}ﬂ5th c P T C N

RARR2 10 whepreip n is i nt eger havin Iue i h apge of about 4 to
about 18; R 'swgeﬁSﬁBeERSfm?ﬁgcg?gﬁ% c%%g?% Y ngy d? % %r%gen C to C,

al kyl, benzyl and phenyl: fhe288mPas o LoMBiedScof ddhee gDt eDashsting of
hydrogen and C, to C, alkyl; and R3 and R, are nenbers of 15 the group

consi sting of H?ﬁr@g@nthﬁemﬁypcéﬂﬁabt%?¢leﬂYTh% %@m%ﬁ%$t|on |n accor dance
wth cIa|§11 wherein t e tgﬁ ggméoglgggélde I%ﬁé$§%ﬁ kyl

N, N-di substituted amn dodecyl anlno
propi onat e. 204wh$bélﬁoan@stheeapEﬁta@cpéﬁﬁﬂ@@ s td @yﬁbmnne and
the alkyl N,N-disubstituted amino acetate is dodecyl 2-
(N,N-dimethylamino) propionate.
9. The composition in accordance with claim
10 1 wherein the therapeutic peptide is a cytokine and the
alkyl N,N-disubstituted amino acetate is dodecyl 2-
(N,N-dimethylamino) propionate'hydrochloride.
10. The composition in accordance with claim
9 wherein the cytokine is a human granulocyte colony-
15 stimulating factor (G-CSF).
11. The composition in accordance with claim
9 wherein the cytokine is a granulocyte macrophage
colony-stimulating factor (GM-CSF) recombinant.
12. The composition in accordance with claim
20 1 wherein the therapeutic peptide is selected from the
group consisting of a glucagon-like peptide (GLP-1) and
analogs thereof and the alkyl N,N-disubstituted amino
acetate is dodecyl 2-(N,N-dimethylamino) propionate.
13. The composition in accordance with claim
25 12 wherein the alkyl N, N-disubstituted amino acetate
is dodecyl 2-(N,N-dimethylamino) propionate
hydrochloride.



1 wherein the therapeutic peptide is insulin and the al kyl
N, N-di substituted am no acetate is dodecyl 2- (N, N-dinethylam no)

pr opi onatwohydrisedthor i de. 5. The conposi t iPem/uispo1amep@ance
with claim?25 1 wherein the therapeutic peptide is a nonoclonal anti body.

- 18- 6. The conposition in accordance with claim5 wherein the
nonocl onal anti body is R tuximab. 7. The conposition in

accordance with claim5 wherein the nonoclonal antibody is Raptiva. 58. the
conposition in accordance with claim1_wherein the therapeutic peptide is a
cyt oki ne and the al kyl N, N- di substituféd amino acetate is dodecyl 2-

(N, N-di net hyl am no) propi onate. 9. The conposition in
accordance with claim 18.1 ®her ePAPeRé tiRBr Apedcrergepeedeits alayfoki ne
and the al kyl. N, N-di substituted_anmno acetate is_d T
(NN dF et hy 25 SpPo PN P e AP RFEeR, Bpphade’ 1o 08EEH ueiae o o
conposition in accordance with claim9 wherein the cytokine is a human
granul ocyte col ony-15 stinulating factor (G CSF). 11. The
conposition in accordance with claim9 wherein the cytokine is a

granul ocyt e macrophage col ony-stimulating factor (GW CSF) reconbi nant.

12. The conposition in accordance with claim20 1 wherein the therapeutic
peptide is selected fromthe group consisting of a glucagon-1like peptide
(GP-1) and anal ogs thereof and the al kyl N, N-di substituted am no acetate
i s dodecyl 2-(N, N-di net hyl am no) propionate. 13. The
conposition in accordance with claim?25 12 wherein the al kyl N,

N-di substituted am no acetate i s dodecyl 2-(N,N-dinethylam no) propionate
hydrochl ori de. -19- 14. The conposition in accordance with
claim 13 wherein the therapeutic peptide is liraglutide.



