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ABSTRACT 

Pharmaceutical compositions are described comprising 
PYY(3-36) (SEQ ID NO: 2), a solubiliZing agent, a lipid, a 
polyol. 
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FIGURE 1 

Effect of pH on stability of PYY 3-36 @ 40 °C 
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FIGURE 2 

% TEER of Enhancers Tested 
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FIGURE 4 

LDH Assay 
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FIGURE 6 
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FIGURE 7 

Dose Linearity Following lntranasal Administration 
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FIGURE 8 

Dose Linearity Following lntranasal Administration 
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FIGURE 9 
Group 1: 20 M icrograms lntranasal Dose 
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FIGURE 10 
Group 2: 50 Micrograms lntranasal Dose 
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FIGURE 11 
Group 3: 100 Micrograms Intranasal Dose 
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FIGURE 12 

Group 4: 150 Micrograms lntranasal Dose 
Pharmacokinetic Profile 
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FIGURE 13 
Group 5: 200 Micrograms lntranasal Dose 
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FIGURE 15 

Dose linearity: mean Cmax vs dose 
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FIGURE 16 

Dose linearity: mean AUC O-t vs dose 
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FIGURE 17 

Visual Analog Scale (VAS) results: 

Visual Analog Scale Question: How hungry are you? 
(Lower score = less hungry, 100 point scale) 
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FIGURE 18 

Visual Analog Scale Question: How much could you eat? 
(Lower score = less hungry, 100 point scale) 
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FIGURE 19 

Visual Analog Scale Question: How full do you feel? 
(Lower score = less full, 100 point scale) 
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FIGURE 20 
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% Permeation 

% Permeation of Regular PYY Vs. Endotoxin-free PYY 
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COMPOSITIONS AND METHODS FOR 
ENHANCED MUCOSAL DELIVERY OF PYY 

PEPTIDE 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] This is a division of US. patent application Ser. 
No. 10/768,288 ?led Jan. 30, 2004, Which is a continuation 
application and claims priority under 35 U.S.C. §120 of 
co-pending US. patent application Ser. No. 10/745,069 ?led 
Dec. 23, 2003, Which is a continuation-in-part of US. patent 
application Ser. No. 10/322,266, ?led Dec. 17, 2002, and 
claims priority under 35 U.S.C. §119 (e) of US. Provisional 
Application No. 60/493,226, ?led Aug. 7, 2003, US. Pro 
visional Application No. 60/501,170, ?led Sep. 8, 2003, US. 
Provisional Application No. 60/510,785, ?led Oct. 10, 2003, 
US. Provisional Application No. 60/517,290, ?led Nov. 4, 
2003; US. Provisional Application No. 60/518,812, ?led on 
Nov. 10, 2003; and PCT/US03/40538, ?led on Dec. 17, 
2003; the entire contents of these applications are incorpo 
rated herein by reference. 

BACKGROUND OF THE INVENTION 

[0002] The teachings of all the references cited in the 
present speci?cation are incorporated in their entirety by 
reference. 

[0003] Obesity and its associated disorders are common 
and very serious public health problems in the United States 
and throughout the World. Upper body obesity is the stron 
gest risk factor knoWn for type-2 diabetes mellitus, and is a 
strong risk factor for cardiovascular disease. Obesity is a 
recogniZed risk factor for hypertension, arteriosclerosis, 
congestive heart failure, stroke, gallbladder disease, osteoar 
thritis, sleep apnea, reproductive disorders such as polycys 
tic ovarian syndrome, cancers of the breast, prostate, and 
colon, and increased incidence of complications of general 
anesthesia. It reduces life-span and carries a serious risk of 
co-morbidities above, as Well disorders such as infections, 
varicose veins, acanthosis nigricans, ecZema, exercise intol 
erance, insulin resistance, hypertension hypercholester 
olemia, cholelithiasis, orthopedic injury, and thromboembo 
lic disease. Obesity is also a risk factor for the group of 
conditions called insulin resistance syndrome, or “Syndrome 
X.” 

[0004] It has been shoWn that certain peptides that bind to 
the Y2 receptor When administered peripherally to a mam 
mal induce Weight loss. The Y2 receptor-binding peptides 
are neuropeptides that bind to the Y2 receptor. Neuropep 
tides are small peptides originating from large precursor 
proteins synthesiZed by peptidergic neurons and endocrine/ 
paracrine cells. Often the precursors contain multiple bio 
logically active peptides. There is great diversity of neu 
ropeptides in the brain caused by alternative splicing of 
primary gene transcripts and differential precursor process 
ing. The neuropeptide receptors serve to discriminate 
betWeen ligands and to activate the appropriate signals. 
These Y2 receptor-binding peptides belong to a family of 
peptides including peptide YY (PYY), neuropeptide Y 
(NPY) and pancreatic peptide (PP). 
[0005] NPY is a 36-amino acid peptide and is the most 
abundant neuropeptide to be identi?ed in mammalian brain. 
NPY is an important regulator in both the central and 
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peripheral nervous systems and in?uences a diverse range of 
physiological parameters, including effects on psychomotor 
activity, food intake, central endocrine secretion, and vaso 
activity in the cardiovascular system. High concentrations of 
NPY are found in the sympathetic nerves supplying the 
coronary, cerebral, and renal vasculature and have contrib 
uted to vasoconstriction. NPY binding sites have been 
identi?ed in a variety of tissues, including spleen, intestinal 
membranes, brain, aortic smooth muscle, kidney, testis, and 
placenta. 
[0006] Neuropeptide Y (NPY) receptor pharmacology is 
currently de?ned by structure activity relationships Within 
the pancreatic polypeptide family. This family includes 
NPY, Which is synthesiZed primarily in neurons; PYY, Which 
is synthesiZed primarily by endocrine cells in the gut; and 
PP, Which is synthesiZed primarily by endocrine cells in the 
pancreas. These approximately 36 amino acid peptides have 
a compact helical structure involving a “PP-fold” in the 
middle of the peptide. Speci?c features include a polypro 
line helix in residues 1 through 8, a [3-tum in residues 9 
through 14, an ot-helix in residues 15 through 30, an 
outward-projecting C-terminus in residues 30 through 36, 
and a carboxyl terminal amide, Which appears to be critical 
for biological activity. The peptides have been used to de?ne 
at least ?ve receptor subtypes knoWn as Y1, Y2, Y3, Y4 and 
Y5. Y1 receptor recognition by NPY involves both N- and 
C-terminal regions of the peptide; exchange of Gln34 With 
Pro34 is fairly Well tolerated. Y2 receptor recognition by 
NPY depends primarily upon the four C-terminal residues of 
the peptide (Arg33-Gln34-Arg35-Tyr36-NH2) preceded by 
an amphipathic an ot-helix; exchange of Gln34 With Pro34 
is not Well tolerated. One of the key pharmacological 
features Which distinguish Y1 and Y2 is the fact that the Y2 
receptor (and not the Y1 receptor) has high af?nity for the 
NPY peptide carboxyl-terminal fragment NPY-(13-36) and 
the PYY fragment PYY(22-36). 
[0007] It has been shoWn that a 36 amino acid peptide 
called Peptide YY(1-36) [PYY(1-36)][YPIKPEAPGE 
DASPEELNRYYASLRHYLNLVTRQRK SEQ ID NO.: 1]. 
When administered peripherally by injection to an individual 
produces Weight loss and thus can be used as a drug to treat 
obesity and related diseases, Morley, J. Neuropsychobiology 
21:22-30 (1989). It Was later found that to produce this effect 
PYY bound to a Y2 receptor, and the binding of a Y2 agonist 
to the Y2 receptor caused a decrease in the ingestion of 
carbohydrate, protein and meal siZe, LeiboWitZ, S. F. et al. 
Peptides, 12: 1251-1260 (1991). An alternate molecular 
form of PYY is PYY(3-36) IKPEAPGEDASPEELNRY 
YASLRHYLNLVTRQRY [SEQ ID NO.: 2], Eberlein, 
Eysselein et al. Peptides 10: 797-803, 1989). This fragment 
constitutes approximately 40% of total PYY-like immunore 
activity in human and canine intestinal extracts and about 
36% of total plasma PYY immunoreactivity in a fasting state 
to slightly over 50% folloWing a meal. It is apparently a 
dipeptidyl peptidase-IV (DPP4) cleavage product of PYY. 
PYY3-36 is reportedly a selective ligand at the Y2 and Y5 
receptors, Which appear pharmacologically unique in pre 
ferring N-terminally truncated (i.e. C-terminal fragments of) 
NPY analogs. It has also been shoWn that a PYY fragment 
having only residues 22-36 Will still bind to the Y2 receptor. 
HoWever, if any of the carboxyl terminus of the peptide is 
cleaved, the peptide looses its ability to bind to the Y2 
receptor. Hence a PYY agonist is a peptide, Which has a 
partial sequence of full-length PYY and is able to bind to a 
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Y2 receptor in the arcuate nucleus of the hypothalamus. 
Hereinafter the term PYY refers to full-length PYY and any 
fragment of PYY that binds to a Y2 receptor. 

[0008] It is knoWn that PYY and PYY3-36 can be admin 
istered by intravenous infusion or injection to treat life 
threatening hypotension as encountered in shock, especially 
that caused by endotoxins (U.S. Pat. No. 4,839,343), to 
inhibit proliferation of pancreatic tumors in mammals by 
perfusion, parenteral, intravenous, or subcutaneous admin 
istration, and by implantation (US. Pat. No. 5,574,010) and 
to treat obesity (Morley, J. Neuropsychobiology 21:22-30 
(1989) and US Patent Application 20020141985). It is also 
claimed that PYY can be administered by parenteral, oral, 
nasal, rectal and topical routes to domesticated animals or 
humans in an amount effective to increase Weight gain of 
said subject by enhancing gastrointestinal absorption of a 
sodium-dependent cotransported nutrient (US. Pat. No. 
5,912,227). HoWever, for the treatment of obesity and 
related diseases, including diabetes, the mode of adminis 
tration has been limited to intravenous IV infusion With no 
effective formulations optimiZed for alternative administra 
tion of PYY3-36. None of these prior art teachings provide 
formulations that contain PYY or PYY(3 -3 6) combined With 
excipients designed to enhance mucosal (i.e., nasal, buccal, 
oral) delivery nor do they teach the value of endotoXin-free 
Y2-receptor binding peptide formulations for non-infused 
administration. Thus, there is a need to develop formulations 
and methods for administering PYY3-36. 

SUMMARY OF THE INVENTION 

[0009] The present invention ful?lls the foregoing needs 
and satis?es additional objects and advantages by providing 
novel, effective methods and compositions for mucosal, 
especially intranasal, delivery of a Y2 receptor-binding 
peptide such as PYY, Pancreatic Peptide (PP) and NPY, to 
treat obesity, induce satiety in an individual and to promote 
Weight-loss in an individual and prevent or cure diabetes. In 
certain aspects of the invention, the Y2 receptor-binding 
peptide is delivered in formulations to the intranasal mucosa 
so as to be able to increase the concentration of the Y2 
receptor-binding peptide by at least 5 pmol, preferably by at 
least 10 pmol, in the blood plasma of a mammal When a dose 
of the formulations of the Y2 receptor agonist is adminis 
tered intranasally. Furthermore preferred formulations 
Would be able to raise the concentration of the Y2 receptor 
binding peptide in the plasma of a mammal by 10 pmol, 
preferably 20 pmol, When the Y2 receptor-binding peptide is 
administered intranasally. When 150 pg is administered 
intranasally the preferred formulation Would be able to raise 
the concentration of the Y2 receptor agonist in the plasma of 
the mammal by at least 40 pmol per liter of plasma. When 
200 pg of the Y2 receptor-binding peptide is administered 
intranasally, the formulations of the present invention induce 
at least 80 pmol, per liter of plasma increase of the Y2 
receptor-binding peptide. In preferred embodiments, the 
elevated concentrations of the Y2-receptor-binding peptide 
remains elevated in the plasma of the mammal for at least 30 
minutes, preferably at least 60 minutes folloWing a single 
intranasal dose of the Y2 receptor-binding peptide. 

[0010] Preferably the Y2 receptor-binding peptide is a PP, 
PYY or NPY peptide and the mammal is a human. In a most 
preferred embodiment the Y2 receptor-binding peptide is a 
PYY peptide, preferably PYY(3-36) and the mammal is 
human. 
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[0011] The present invention is also related to a Y2 
receptor-binding peptide formulation that is able to raise the 
concentration of the Y2 receptor-binding peptide in the 
blood plasma of a mammal by at least 5 pM When a dose 
containing at least 50 pg of the Y2 receptor-binding peptide 
is administered to the mammal. In preferred embodiments, 
the elevated concentrations of the Y2-receptor-binding pep 
tide remains elevated in the plasma of the mammal for at 
least 30 minutes, preferably at least 60 minutes folloWing a 
single intranasal dose of the Y2 receptor-binding peptide. 

[0012] The present invention is also related to a Y2 
receptor-binding peptide formulation that is able to raise the 
concentration of the Y2 receptor-binding peptide in the 
blood-plasma of a mammal by at least 20 pM When a dose 
containing at least 100 pg of the Y2 receptor-binding peptide 
is administered to the mammal. In preferred embodiments, 
the elevated concentrations of the Y2-receptor-binding pep 
tide remains elevated in the plasma of the mammal for at 
least 30 minutes, preferably at least 60 minutes folloWing a 
single intranasal dose of the Y2 receptor-binding peptide. 

[0013] The present invention is also related to a Y2 
receptor-binding peptide formulation that When adminis 
tered intranasally to a mammal is able to raise the concen 
tration of the Y2 receptor-binding peptide in blood plasma of 
the mammal by at least 30 pM When a dose containing at 
least 150 pg of the Y2 receptor-binding peptide is adminis 
tered. In preferred embodiments, the elevated concentrations 
of the Y2-receptor-binding peptide remains elevated in the 
plasma of the mammal for at least 30 minutes, preferably at 
least 60 minutes folloWing a single intranasal dose of the Y2 
receptor-binding peptide. Preferably the mammal is a 
human. 

[0014] The present invention is also related to a Y2 
receptor-binding peptide formulation that When adminis 
tered intranasally to a mammal is able to raise the concen 
tration of the Y2 receptor-binding peptide by at least 60 pM 
When a dose containing at least 200 pg is administered to the 
mammal. In preferred embodiments, the elevated concen 
trations of the Y2-receptor-binding peptide remains elevated 
in the plasma of the mammal for at least 30 minutes, 
preferably at least 60 minutes folloWing a single intranasal 
dose of the Y2 receptor-binding peptide. Preferably the 
mammal is a human. 

[0015] The present invention is also directed to an intra 
nasal formulation of a Y2 receptor-agonist that is substan 
tially free of proteins or polypeptides that stabiliZe the 
formulation. In particular, the preferred formulation is free 
of such proteins as albumin, and collagen-derived proteins 
such as gelatin. 

[0016] In other aspects of the present invention a trans 
mucosal Y2 receptor-binding peptide formulation is com 
prised of a Y2 receptor-binding peptide, Water and a solu 
biliZing agent having a pH of 3-6.5. In a preferred 
embodiment, the solubiliZation agent is a cyclodextrin. 

[0017] In another embodiment of the present invention a 
transmucosal Y2 receptor-binding peptide formulation is 
comprised of a Y2 receptor-binding peptide, Water, a solu 
biliZing agent, preferably a cyclodextrin, and at least one 
polyol, preferably 2 polyols. In alternate embodiments the 
formulation may contain one or all of the folloWing: a 
chelating agent, a surface-acting agent and a buffering agent. 
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[0018] In another embodiment of the present invention the 
formulation is comprised of a Y2 receptor-binding peptide, 
Water, chelating agent and a solubiliZation agent. 

[0019] In another embodiment of the present invention the 
formulation is comprised of a Y2 receptor-binding peptide, 
Water and a chelating agent having a pH of 3-6.5. 

[0020] In another embodiment of the present invention the 
formulation is comprised of a Y2 receptor-binding peptide, 
Water, chelating agent and at least one polyol, preferably tWo 
polyols. Additional embodiments may include one or more 
of the folloWing: a surface-active agent, a solubiliZing agent 
and a buffering agent. 

[0021] In another embodiment of the present invention the 
formulation is comprised of a Y2 receptor-binding peptide, 
Water, and at least tWo polyols, such as lactose and sorbitol. 
Additional agents, Which can be added to the formulation, 
include, but are not limited to, a solubiliZation agent, a 
chelating agent, one or more buffering agents and a surface 
acting agent. 

[0022] The enhancement of intranasal delivery of a Y2 
receptor-binding peptide agonist according to the methods 
and compositions of the invention alloWs for the effective 
pharmaceutical use of these agents to treat a variety of 
diseases and conditions in mammalian subjects. 

[0023] The present invention ?lls this need by providing 
for a liquid or dehydrated Y2 receptor-binding peptide 
formulation Wherein the formulation is substantially free of 
a stabiliZer that is a polypeptide or a protein. The liquid PYY 
formulation is comprised of Water, PYY and at least one of 
the folloWing additives selected from the group consisting of 
polyols, surface-active agents, solubiliZing agents and 
chelating agents. The pH of the formulation is preferably 3 
to about 7.0, preferably 4.5 to about 6.0, most preferably 
about 501003. 

[0024] Another embodiment of the present invention is an 
aqueous Y2 receptor-binding formulation of the present 
invention is comprised of Water, a Y2 receptor-binding 
peptide, a polyol and a surface-active agent Wherein the 
formulation has a pH of about 3 to about 6.5, and the 
formulation is substantially free of a stabiliZer that is a 
protein or polypeptide. 

[0025] Another embodiment of the present invention is an 
aqueous Y2 receptor-binding peptide formulation comprised 
of Water, Y2 receptor-binding peptide, a polyol and a solu 
biliZing agent Wherein the formulation has a pH of about 3.0 
to about 6.5, and the formulation is substantially free of a 
stabiliZer that is a protein or polypeptide. 

[0026] Another embodiment of the present invention is an 
aqueous Y2 receptor-binding peptide formulation comprised 
of Water, Y2 receptor-binding peptide, a solubiliZing agent 
and a surface-active agent Wherein the formulation has a pH 
of about 3.0 to about 6.5, and the formulation is substantially 
free of a stabiliZer that is a protein or polypeptide. 

[0027] Another embodiment of the invention is a aqueous 
Y2 receptor-binding peptide formulation comprised of 
Water, a Y2 receptor-binding peptide, a solubiliZing agent, a 
polyol and a surface-active agent Wherein the formulation 
has a pH of about 3.0 to about 6.5, and the formulation is 
substantially free of a stabiliZer that is a protein or polypep 
tide. 
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[0028] In another aspect of the present invention, the 
stable aqueous formulation is dehydrated to produce a 
dehydrated Y2 receptor-binding peptide formulation com 
prised of Y2 receptor-binding peptide and at least one of the 
folloWing additives selected from the group consisting of 
polyols, surface-active agents, solubiliZing agents and 
chelating agents, Wherein said dehydrated Y2 receptor 
binding peptide formulation is substantially free of a stabi 
liZer that is a protein or polypeptide such as albumin, 
collagen or collagen-derived protein such as gelatin. The 
dehydration can be achieved by various means such as 
lyophiliZation, spray-drying, salt-induced precipitation and 
drying, vacuum drying, rotary evaporation, or supercritical 
CO2 precipitation. 

[0029] In one embodiment, the dehydrated Y2 receptor 
binding peptide is comprised of Y2 receptor-binding pep 
tide, a polyol and a solubiliZing agent, Wherein the formu 
lation is substantially free of a stabiliZer that is a protein. 

[0030] In another embodiment, the dehydrated Y2 recep 
tor-binding peptide formulation is comprised of a Y2 recep 
tor-binding peptide, a polyol, and a surface-active agent 
Wherein the Y2 receptor-binding peptide formulation is 
substantially free of a stabiliZer that is a protein or polypep 
tide. 

[0031] In another embodiment, the dehydrated Y2 recep 
tor-binding peptide formulation is comprised of a Y2 recep 
tor-binding peptide, a surface-active agent, and a solubiliZ 
ing agent Wherein the Y2 receptor-binding peptide 
formulation is substantially free of a stabiliZer that is a 
protein or polypeptide. 

[0032] In another embodiment of the present invention, 
the dehydrated Y2 receptor-binding peptide formulation is 
comprised of a Y2 receptor-binding peptide, a polyol, a 
surface-active agent and a solubiliZing agent Wherein the Y2 
receptor-binding peptide formulation is substantially free of 
a stabiliZer that is a protein or polypeptide. 

[0033] Any solubiliZing agent can be used but a preferred 
one is selected from the group consisting of hydroxypropyl 
[3-cyclodextran, sulfobutylether-[3-cyclodextran, methyl-[3 
cyclodextrin and chitosan. 

[0034] Generally a polyol is selected from the group 
consisting of lactose, sorbitol, trehalose, sucrose, mannose 
and maltose and derivatives and homologs thereof. 

[0035] A satisfactory surface-active agent is selected from 
the group consisting of L-ot-phosphatidylcholine didecanoyl 
(DDPC), polysorbate 20 (TWeen 20), polysorbate 80 (TWeen 
80), polyethylene glycol (PEG), cetyl alcohol, polyvinylpy 
rolidone (PVP), polyvinyl alcohol (PVA), lanolin alcohol, 
and sorbitan monooleate. 

[0036] In a preferred formulation, the Y2 receptor-binding 
peptide formulation is also comprised of a chelating agent 
such as ethylene diamine tetraacetic acid (EDTA) or ethyl 
ene glycol tetraacetic acid (EGTA). Also a preservative such 
as chlorobutanol or benZylkonium chloride can be added to 
the formulation to inhibit microbial groWth. 

[0037] The pH is generally regulated using a buffer such 
as sodium citrate and citric acid, and sodium acetate and 
acetic acid. An alternative bulfer Would be acetic acid and 
sodium acetate or succinic acid and sodium hydroxide. 
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[0038] The preferred Y2 receptor-binding peptide is a 
PYY, PP or NPY peptide, preferably a PYY(3-36) peptide. 

[0039] The present invention also comprehends a formu 
lation Wherein the concentration of the Y2 receptor-binding 
peptide is 0.1-15.0 mg/mL, preferably 1.0-2 mg/mL and the 
pH of the aqueous solution is 3.0-6.5 preferably about 
5.0103. 

[0040] The present invention further includes Y2 receptor 
binding peptide formulation Wherein the concentration of 
the polyol is betWeen about 0.1% and 10% (W/v) and 
additionally Wherein the concentration of the polyol is in the 
range from about 0.1% to about 3% (W/v). 

[0041] The instant invention also includes a formulation, 
Wherein the concentration of the surface-active agent is 
betWeen about 0.00001% and about 5% (W/v), and Wherein 
the concentration of the surface-active agent is betWeen 
about 0.0002% and about 0.1% (W/v). 

[0042] The instant invention also includes a formulation, 
Wherein the concentration of the solubilZation agent is 
1%-10% (W/v), and Wherein the concentration of the solu 
biliZing agent is 2% to 5% (W/v). 

[0043] The ?nished solution can be ?ltered and freeZe 
dried, lyophiliZed, using methods Well knoWn to one of 
ordinary skill in the art, and by folloWing the instructions of 
the manufacturer of the lyophiliZing equipment. This pro 
duces a dehydrated Y2 receptor-binding peptide formulation 
substantially free of a stabiliZer that is a protein. 

[0044] In another embodiment of the present invention, a 
Y2 receptor-binding peptide formulation is comprised of an 
Y2 receptor-binding peptide and a pharmaceutically accept 
able carrier Wherein the Y2 receptor-bind peptide formula 
tion has at least 1%, preferably 3% and most preferably at 
least 6% higher permeation in an in vitro tissue permeation 
assay than a control formulation consisting of Water, sodium 
chloride, a buffer and the Y2 receptor-binding peptide, as 
determined by the transepithelial electrical resistance assay 
shoWn in Examples 2 & 7. In a preferred embodiment, the 
Y2 receptor-binding formulation is further comprised of at 
least one excipient selected from the group consisting of a 
surface-active agent, a solubiliZation agent, a polyol, and a 
chelating agent. Preferably the Y2 receptor-binding peptide 
is a PYY peptide, an NPY peptide or a PP peptide. 

[0045] In another embodiment of the present invention a 
Y2 receptor-binding peptide formulation is provided that is 
capable of raising the concentration of the Y2 receptor 
binding peptide in the plasma of a mammal by at least 5 
preferably 10, 20 40, 60, 80 or more pmoles per liter of 
plasma When 100 pL of the formulation is administered 
intranasally to said mammal. 

[0046] In exemplary embodiments, the enhanced delivery 
methods and compositions of the present invention provide 
for therapeutically effective mucosal delivery of the Y2 
receptor-binding peptide agonist for prevention or treatment 
of obesity and eating disorders in mammalian subjects. In 
one aspect of the invention, pharmaceutical formulations 
suitable for intranasal administration are provided that com 
prise a therapeutically effective amount of a Y2 receptor 
binding peptide and one or more intranasal delivery-enhanc 
ing agents as described herein, Which formulations are 
effective in a nasal mucosal delivery method of the invention 
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to prevent the onset or progression of obesity or eating 
disorders in a mammalian subject. Nasal mucosal delivery 
of a therapeutically effective amount of a Y2 receptor 
binding peptide agonist and one or more intranasal delivery 
enhancing agents yields elevated therapeutic levels of the Y2 
receptor-binding peptide agonist in the subject and inhibits 
food intake in the mammalian subject, reducing symptoms 
of obesity or an eating disorder. 

[0047] The enhanced delivery methods and compositions 
of the present invention provide for therapeutically effective 
mucosal delivery of a Y2 receptor-binding peptide for 
prevention or treatment of a variety of diseases and condi 
tions in mammalian subjects. Y2 receptor-binding peptide 
can be administered via a variety of mucosal routes, for 
example by contacting the Y2 receptor-binding peptide to a 
nasal mucosal epithelium, a bronchial or pulmonary 
mucosal epithelium, the oral buccal surface or the oral and 
small intestinal mucosal surface. In exemplary embodi 
ments, the methods and compositions are directed to or 
formulated for intranasal delivery (e.g., nasal mucosal deliv 
ery or intranasal mucosal delivery). 

[0048] In one aspect of the invention, pharmaceutical 
formulations suitable for intranasal administration are pro 
vided that comprise a therapeutically effective amount of a 
Y2 receptor-binding peptide agonist and one or more intra 
nasal delivery-enhancing agents as described herein, Which 
formulations are effective in a nasal mucosal delivery 
method of the invention to prevent the onset or progression 
of obesity, diabetes, cancer, or malnutrition or Wasting 
related to cancer in a mammalian subject, or to alleviate one 
or more clinically Well-recognized symptoms of obesity, as 
Well as treating AlZheimer’s disease, colon carcinoma, colon 
adenocarcinoma, pancreatic carcinoma, pancreatic adeno 
carcinoma, breast carcinoma. 

[0049] In another aspect of the invention, pharmaceutical 
formulations and methods are directed to administration of 
a Y2 receptor-binding peptide agonist in combination With 
vitamin E succinate. A Y2 receptor-binding peptide agonist 
in combination With vitamin E succinate may be adminis 
tered to alleviate symptoms or prevent the onset or loWer the 
incidence or severity of cancer, for example, colon adeno 
carcinoma, pancreatic adenocarcinoma, or breast cancer. 

[0050] In another aspect of this invention, it Was surpris 
ingly found that the use of endotoxin-free Y2 receptor 
binding peptides, for example PYY(3-36), produced 
increased mucosal delivery compared to peptides in Which 
endotoxin is not removed. The use of endotoxin-free Y2 
receptor peptides in pharmaceutical formulations is thus 
enabled for administration by non-infusion routes, including 
mucosal delivery, nasal, oral, pulmonary, vaginal, rectal and 
the like. 

[0051] The foregoing mucosal Y2 receptor-binding pep 
tide formulations and preparative and delivery methods of 
the invention provide improved mucosal delivery of a Y2 
receptor-binding peptide to mammalian subjects. These 
compositions and methods can involve combinatorial for 
mulation or coordinate administration of one or more Y2 

receptor-binding peptides With one or more mucosal deliv 
ery-enhancing agents. Among the mucosal delivery-enhanc 
ing agents to be selected from to achieve these formulations 
and methods are (A) solubiliZation agents; (B) charge modi 
fying agents; (C) pH control agents; (D) degradative enZyme 
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inhibitors; (E) mucolytic or mucus clearing agents; (F) 
ciliostatic agents; (G) membrane penetration-enhancing 
agents (e.g., (i) a surfactant, (ii) a bile salt, (iii) a phospho 
lipid or fatty acid additive, mixed micelle, liposome, or 
carrier, (iv) an alcohol, (V) an enamine, (iv) an NO donor 
compound, (vii) a long-chain amphipathic molecule (viii) a 
small hydrophobic penetration enhancer; (ix) sodium or a 
salicylic acid derivative; (x) a glycerol ester of acetoacetic 
acid (xi) a cyclodextrin or beta-cyclodextrin derivative, (xii) 
a medium-chain fatty acid, (xiii) a chelating agent, (xiv) an 
amino acid or salt thereof, (xv) an N-acetylamino acid or salt 
thereof, (xvi) an enZyme degradative to a selected membrane 
component, (xvii) an inhibitor of fatty acid synthesis, (xviii) 
an inhibitor of cholesterol synthesis; or (xiv) any combina 
tion of the membrane penetration enhancing agents of 
(i)-(xviii)); (H) modulatory agents of epithelial junction 
physiology, such as nitric oxide (NO) stimulators, chitosan, 
and chitosan derivatives; (I) vasodilator agents; (J ) selective 
transport-enhancing agents; and (K) stabiliZing delivery 
vehicles, carriers, supports or complex-forming species With 
Which the Y2 receptor-binding peptide (s) is/are effectively 
combined, associated, contained, encapsulated or bound to 
stabiliZe the active agent for enhanced mucosal delivery. 

[0052] In various embodiments of the invention, a Y2 
receptor-binding peptide is combined With one, tWo, three, 
four or more of the mucosal delivery-enhancing agents 
recited in (A)-(K), above. These mucosal delivery-enhanc 
ing agents may be admixed, alone or together, With the Y2 
receptor-binding peptide, or otherwise combined therewith 
in a pharmaceutically acceptable formulation or delivery 
vehicle. Formulation of a Y2 receptor-binding peptide With 
one or more of the mucosal delivery-enhancing agents 
according to the teachings herein (optionally including any 
combination of tWo or more mucosal delivery-enhancing 
agents selected from (A)-(K) above) provides for increased 
bioavailability of the y2 receptor-binding peptide folloWing 
delivery thereof to a mucosal surface of a mammalian 
subject. 

[0053] Thus, the present invention is a method for sup 
pressing apetite, promoting Weight loss, decreasing food 
intake, or treating obesity and/or diabetes in a mammal 
comprising transmucosally administering a formulation 
comprised of a Y2 receptor-binding peptide, such that When 
at 50 pg of the Y2 receptor is administered transmucosally 
to the mammal the concentration of the Y2 receptor-binding 
peptide in the plasma of the mammal increases by at least 5 
pmol, preferably at least 10 pmol per liter of plasma. 
Examples of such formulations are described above. 

[0054] The present invention further provides for the use 
of a Y2 receptor-binding peptide for the production of 
medicament for the transmucosal, administration of a Y2 
receptor-binding peptide for suppressing apetite, promoting 
Weight loss, decreasing food intake, or treating obesity in a 
mammal such that When about 50 pg of the Y2 receptor is 
administered transmucosally to the mammal the concentra 
tion of the Y2 receptor-binding peptide in the plasma of the 
mammal increases by at least 5 pmol per liter of plasma. 
When 100 pg of the Y2 receptor-binding peptide is admin 
istered intranasally to the mammal, the concentration of the 
Y2 receptor agonist increases by at least 20 pmol per liter of 
plasma in the mammal. When 150 pg is administered 
intranasally, the concentration of the Y2 receptor-binding 
peptide in blood plasma of the mammal increases by at least 
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30 pM. When 200 pg is administered intranasally, the 
concentration of the Y2 receptor-binding peptide in blood 
plasma of the mammal increases by at least 60 pM. In 
preferred embodiments, the elevated concentrations of the 
Y2-receptor-binding peptide remains elevated in the plasma 
of the mammal for at least 30 minutes, preferably at least 60 
minutes folloWing a single intranasal dose of the Y2 recep 
tor-binding peptide. Preferably the mammal is a human. 

[0055] A mucosally effective dose of peptide YY Within 
the pharmaceutical formulations of the present invention 
comprises, for example, betWeen about 0.001 pmol to about 
100 pmol per kg body Weight, betWeen about 0.01 pmol to 
about 10 pmol per kg body Weight, or betWeen about 0.1 
pmol to about 5 pmol per kg body Weight. In further 
exemplary embodiments, dosage of peptide YY is betWeen 
about 0.5 pmol to about 1.0 pmol per kg body Weight. In a 
preferred embodiment an intranasal dose Will range from 50 
pg to 400 pg, preferably 100 pg to 200 pg, most preferably 
about 100 pg to 150 pg. The pharmaceutical formulations of 
the present invention may be administered one or more 
times per day (for example, before a meal), or 3 times per 
Week or once per Week for betWeen one Week and at least 96 
Weeks or even for the life of the individual patient or subject. 
In certain embodiments, the pharmaceutical formulations of 
the invention are administered one or more times daily, tWo 
times daily, four times daily, six times daily, or eight times 
daily. 
[0056] Intranasal delivery-enhancing agents are employed 
Which enhance delivery of peptide YY into or across a nasal 
mucosal surface. For passively absorbed drugs, the relative 
contribution of paracellular and transcellular pathWays to 
drug transport depends upon the pKa, partition coefficient, 
molecular radius and charge of the drug, the pH of the 
luminal environment in Which the drug is delivered, and the 
area of the absorbing surface. The intranasal delivery 
enhancing agent of the present invention may be a pH 
control agent. The pH of the pharmaceutical formulation of 
the present invention is a factor affecting absorption of 
peptide YY via paracellular and transcellular pathWays to 
drug transport. In one embodiment, the pharmaceutical 
formulation of the present invention is pH adjusted to 
betWeen about pH 3.0 to 6.5. In a further embodiment, the 
pharmaceutical formulation of the present invention is pH 
adjusted to betWeen about pH 3.0 to 5.0. In a further 
embodiment, the pharmaceutical formulation of the present 
invention is pH adjusted to betWeen about pH 4.0 to 5.0. 
Generally, the pH is 5.0103. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0057] FIG. 1 shoWs the stability of PYY3-36 at high 
temperature (400 C.) at various pHs from 3.0 to 7.4. 

[0058] FIG. 2 shoWs the data for TEER of permeability 
enhancers. 

[0059] FIG. 3 shoWs the cell viabilities of candidate PYY 
formulations. 

[0060] FIG. 4 shoWs the cytotoxic effects of candidate 
formulations. In FIGS. 2-4 

[0061] EN1=PBSpH5.0 

[0062] EN2=L-Arginine (10% W/v) 

[0063] EN3=Poly-L-Arginine (0.5% W/v) 










































































































































