WO 96/40220

|| THS SHEET HAS BEEN
l REPLACED

—r

PCT/US96/09875

Has Been laced

T

10

15

20

30

D ION

Treatment of Type II Diabetes Mellitus
: With Amvlin Adgonists '

Field of the Invention'
The present invention relates to medicine, and,
more particularly, to amylin agonists and methods for the

 treatment of Type II diabetes mell:.tus by administering an

amylin agonist.

Backaround of the Invention .

Publications and other materials. including
patents and patent appl:.cat:.ons used to illuminate the
specification are hereby :.ncorporated by reference.

Amylin _
~ Amylin is a 37 amino acid protein hormone. It
was isolated, purified and chemically characterized as the
major component of amyloid deposits in the islets of
pancreases of human Type II diabetics (Cooper et al.,
Proc. Natl. Acad. Sci., USA 84:8628-8632 (1987)). The
amylin molecule has two important post-translational
modifications: the C-terminus is amidated, and the cystei-'
nes in positions 2 and 7 are cross-linked to form an
N-terminal iaop.. Amylin is the subject of United Kingdom
patent application Serial No. 8709871, £filed Aapril 27,
198'7, and corresponding United States Patent No. 5,367,05-
2, issued November 22, 193%4. : :
Amylin is a member of a family of related pepti-
des which include CGRP and calcitonin (Rink et al., Trends
Pharmacol. Sc:L 14:113-118 (1993)). Amylln is primarily
ynthesu.:i in pancreatic beta cells and is secreted in
response to nutrient stimuli such as glucose and arginine.
Moore et al., Biochem. Biophvs. Res. Commun. 179:1-9
(1991); Kanatsuka et al., FEBS Lett, 259:199-201 (1989);
Ogawa et al., J. Clin. Invest. 85:973-976 (1990); Gedulin
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et al., glochem Bloghxs. Res. Commun. 180:782-789 (1991}).

Tn normal humans, fasting anwl:.n levels from 1 to
10 pM and post—-prandial levels of 5 to 20pM have been
reported {e.g., Hartter et al., Diabetologia 34:52-54
{19%1); Sanke et al., Diabetologis 34:129-132 (1991});
Koda et al., The Lancet 339:1179-1180 (1992}). 1In obese,
insulin-resistant individuals, however, post-food amylin
levels can go higher, reaching up to about 50 pM, for
example.  For comparison, the value“s" for fasting and post-
prandial insulin are 20 to 50 pM, and 100 to 300 pM
respectively in healthy people, with perhaps 3-to 4-fold
higher levels in insulin-resistant people. In Type 1
diabetes, where beta-cells are destroyed, amylin levels
are at or below the levels of deteé_;tibn and do not rise in
response to glucose (Koda et al., Thg Lancet 339:1179-1180
{1992)). TIn normal mice and rats, basal amylin levels
have been reported from 30 to 100 pM, while values up to
600 pM have been measured in certain insulin-resistant,
diabetic straii:s of rodents (e.g.. 'i-I'hang et al., erten-
sion 19:I-101-I-109 (1991)); Gill et al., Life Sciences
48:703-710 (1591). . '

The first discovered actibn of amylin was the
reduction of insulin-stimulated iﬁcorporation of glucose
into glycogen in rat skeletal muscle (Leighton et al.,
Nature 335:632-635 (1988)); the muscle was made "insulin-
resistant". Subsequent work with rat soleus muscle ex-
vivo and in witro has indicated that amylin reduces
glycogen-synthhse activity, proxfﬁfés conversion of glyco-
gen phosphorylase from the 1nact:.ve b form to the active
a form, promotes net loss of glyqqgen {in the presence or
absence of insulin), increases glucose-—s—phosphate levels,

"and can increase lactate output (-_5., ge, e.9., Deems et al.,

Biochem. Biophys. Res. Commun. 181:116-120 (1991)); Young
et al., EEBS Letts. 281:149-151 (1991)).

It is believed that amyl:m acts through receptors
present in pla.sma membranes. Beaumont et al., Mol.
Pharmacol . 44 §93 -497 (19%83}. A;tylin receptors and their
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use 1n var:Lous methods for screen:.ng and assaying for
amylin agon:.st and antagom.st compounds are described in
Unlted States Patent No. 5, 264 3'72 1ssued November 23,
19293.
The bJ.olog:.cal actlons of amyl:.n relat:Lng to fuel
'_ metabol:.sm are dJ.scussed in Young et al ' J. Cell. Bioch-
em. 555 :12- 18 (1994) Whlle amylln has marked effects on
hepat:.c fuel metabol:.sm in v1vo, there is no general
agreement as to what amyl:.n act:.ons are seen in isolated
hepatocytes or perfused liver. The ava:.lable ‘data do not
support the idea that amyl:.n promotes hepatlc glycogenoly—
's:l.s, i.e., :Lt does not act l:Lke glucagon (__g;, Stephens,
et al., D:.abetes 40 395 400 (1991)), Gomez-Foa.x et al.
Biochem J. 276 607 610 (1991)) It has been’ suggested
that amyl:.n may act on the llver to promote convers:.on of
lactate to glycogen and to enhance the amount of glucose
_'able to be 1:|.berated by glucagon (see Roden et al.
D:Lgbetolog:.a 35 116-120 (1992)) 'I'hus, amyl:l.n could act
there as an_ anabollc partner to insulin J.n l:.ver, in
contrast to its’ catabol:.c actJ.on in muscle.

, In fat cells, contrary to J.ts actJ.on in muscle,
amyl:.n has no detectable act:.ons on J.nsulin-stz.mulated
glucose uptake, :anorporat:l.on of glucose into tr:.glycer-
ide, C()z product::.on (Cooper et al., Proc. Natl Acad. Sci.
85: 7763 7766 (1988)) ep:x.nephr:.ne-st:.mulated lipolysis, or
_:|.nsu11n-1nh1b1t:|.on of l:.polys:.s (Lup:l.en and Young, Diabe-
tes Nutrltlon and Met' ol:.sm - Cl:l.n:.cal and Experimental
Vol. 6(1), pages 13- 18 (1993)) Amylm thus exerts
tlssue-speclfz.c effects, with direct. action: on skeletal
'muscle, marked 1nd1rect (v1a supply of substrate) and
perhaps d:Lrect effects on lJ.ver, ‘while adJ.pocytes appear
 "blind" to the presence or absence of amylin. No ‘direct
effects of amyl:.n ‘on k:.dney t:l.ssue have been reported.

It has also been reported ‘that’ amylin can have
marked effects on secret:l.on of :Lnsul:l.n. In isolated
islets (Ohsawa et al. e " |

 160:961-967 (1989)), in the perfused pancreas’ {Silvestre

’
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et al., Reg. Pept. 31:23-31 (1991)), and in the intact rat
(Young et al,, Mol. Cell. Endocriiiol. 84:R1-RS (1992)),
various experiments indicate that exnylin down-~regulates
insulin set:retion. The perfused pancreas experiments
point to select:.ve down-regulat:.on of the secretary
response to glucose with sparlng of the response to
arginine. Other workers, however, have been unable to
detect effects of amylin on 1soiated beta cells, on
isolated islets, or in the whole enimal (see Broderick et
al., Biochem. Biophys. Res. com 177:932-938 (1991) and
references therein)

A striking effect of amyl:m in rodents at pharma-~
cological dosages in vivo is st:.mulat:.on of a sharp rise
in plasma lactate, followed by a :r_:zse in plasma glucose
(Young et al.., FEBS Letts. 281:149-151 (1991)). Evidence
indicates that the increased lactate provides substrate
for glucos_e p:_r.‘oductz.on and that a_m}rln.n actions can occur
independent of changes in insulin or glucagon. In "glu-
cose clamp" experiments, amylin infusions cause "insulin
resistance”, both by reducing peripheral glucose disposal,
and by lim;lt;'ingi insulin-mediated suppression of hepatic
glucose output (e.g., Frontoni et al., Diabetes 40:568-573
(1991)), Koopmans et al., D:.abetologla 34:218-224 (1991)).

It bas been shown that amylin agonists can slow
gastric empty:.ng (Young et _al., D:.abetologz.a {June 19885,
in press). and is believed to contribute to their ability
to reduce post-prandial hyperglycémia (Moyses and Kolterm-
an, Drugs of the Future {(May 1995). Methods for reducing
gastric motility and slowing gastric emptying comprising
the admn.nistrat:.on of an amylin agoﬂ:.st {including amylin)
are the subject of United States Patent Application Serial
No. 08/118,381, filed September 7, _1993 and United States
Patent Application Serial No. 08/302 069, filed September
7, 1994 (a.nd corresponding PCT appllcatlon, Publication
No. WO 95/0’?098 published March 16, 1995).

Non—mei:abollc actions of amyl:m include vasodila-
tor effects wh:.,.ch may be mediated b_y interaction Wlth CGRP
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-vascular receptors (Brain et al Eur. Pharmacol.

183: 2221 (1990) '_ It has also been reported that amylin
markedly J.ncreases plasma renin act:Lv.ity in 1ntaot rats

_when given subcutaneously in a manner that avoids any
) 'disturbance of blood _pressure: - Methods for treating

renin—related disorders Wlth amylin antagonists are
descr:.bed in United States Patent No. 5, _376,638, issued
December 27, 19%a. |

_ Injected J.nto the brain, amylin has been reported
to suppress food :Lntake (e.qg., Chance et al Brain Res.

1539:352-354 (1991)), an act:.on shared w:Lth CGRP and

calcitonin'.'___ 'I'he effective concentrations at the cells
that mediate this act:.on are not known Amylin has also

' ) been reported to have effects both on isolated osteoclasts
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where it caused cell quiescence, and in v:Lvo where it was
reported to lower plasma ca1c1um by up to 20% in rats, in
rabbits,_ and in humans w:.th Paget’'s disease (see, e.qg.,
Zaldl et.al., gone M:Lneral Res S(Suppl 2) 576 (1990).

From the available data, amylin seems to be 10 to 30 times
less potent than human calc::.tonin for these actions

Interestingly, it was reported that amylin appeared to

_J.ncrease osteoclast CAMP production but not to increase

cytosolic Ca’*, while calcitonin does both (Alam et al.,

Biochem Biophxs. Res. Commun 179 134- 139 (1991)). It

was suggested though not established that oalc:Lton:Ln may
act via two receptor types and that amylin may interact
with only one of these

Diabetes Mell:ltus
Diabetes mellitus :|.s a serious metabolic disease

'that is defined by the presence of chron:l.cally elevated

levels of blood glucose. Class:.c symptoms of diabetes
mellitus 11’1 adults are polyuria, polyd:.ps:.a, ketonuria,
rapid we:.ght 1oss together w1th elevated levels of plasma
glucose _ Normal fasting plasma glucose concentrations are
less than 115 milligrams per dec:.liter In diabetic
patients, fast:l.ng concentrations are found to be over 140
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milligrams per deciliter. In general, diabetes mellitus
develops in response to damage to the beta cells of the
pancreas. This damage can result from primary diabetes
mellitus, in which the beta cells are destroyed by the
autoimmune system, or as a secondary diabetic response to
other primary diséases, such as pancreatic disease,
hormonal abnormalities other than lack of insulin action,
drug or chemical induction, insul'in receptor abnormali-
ties,. genetic syndromes ox others. Primary diabetes
mellitus can be classified as Type I diabetes {also called
insulin~dependent diabetes ellitus or IDDM) and Type II
diabetes mellitus (also c¢alled non-insulin dependent
diabetes mellitus or NIDDM).

Type I (juvenile onset or insulin-dependent)
diabetes is a well-known hormone deficient state, in which
the pancreatic beta cells appear to have been destroyed by
the body‘s own immune defense mechanisms. Patients with
Type I diabetes mellitus have little or no endogenous
insulin secretory capacity. These patients develop
extreme hyperglycemia., Type I diabetes was fatal until
the introduction of insulin replacement therapy some 70
yvears ago —- first using insulins from animal sources, and
more recently, using human insulin made by recombinant DNA
technology. As discussed above, it is now clear that the
destruction of beta cells in Type I diabetes leads to a
combined deficiency of two hormones, insulin and amylin.
When pancreatic cells are destrbyed, the capacity to
secrete insulin and amylin is lost. Type I diabetic
subjects have reported amylin levels that are either
undetectable or at the lower limit of detection, and which
fail to increase in response to a glucose challenge.
Koda, The Lancet 339:1179 (1992).

The nature of the lesion of the pancreatic beta
cells in Type II diabetes is not clear. Unlike the
pancreatic beta cells in Type I diabetics, the beta cells
of Type II diabetics retain the ability to synthesize and
secrete insulin and amylin.
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Type II dlabetes is character:.zed by :|.nsu11n and

res1stance, i.e. ,' a - fallure of the normal metabol:.c

response of per1phera1 tlssues to the act:.on of insulin.

In other words, :|.nsu11n res:.stance 1s a condition where
"the c1rculating :|.nsu11n produces a subnormal -biological
_response In clinical terms, 1nsu11n res:.stance is

present when normal . or elevated blood glucose levels
pers:Lst 1n the face of nonnal or elevated 1evels of
1nsu1:|.n. The hyperglycemla assoclated with Type 1II
dlabetes can sometimes be reversed or ameliorated by diet
or weight loss suffic:.ent to restore the sens1t1v1ty of
the per1phera1 t:.ssues to 1nsu1:|.n.‘ Indeed Type II
d:.abetes mellitus is often characterized by hyperglycemla
in the presence of h:l.gher than nomal levels of plasma
insulin. Progress;on of 'I‘ype IT diabetes mellitus is
assoc:.ated with 1ncreas:|.ng concentrat:l.ons ‘of blood glucose
and coupled w:.th a relat:.ve decrease in the rate of
glucose-:.nduced insulin secretion. Thus, for _e_xample, in
late—stage Type II d:.abetes mell:.tus, there may ‘be an

insulin de£1c1ency.

The pr:.mary aim of treatment 1n all forms of
dlabetes mellltus is the same, namely the reduction of
blood glucose concentratlons to as near normal as possi—

~ble, thereby m:.m.m:.z:.ng both the short- and’ long-term

compl:.catlons of the d:l.sease Tchobroutsky, D:Labetolog:.a
15 143- 152 (1978). The lz.nkage between the extent of
hyperglycem:.a in d:LabetJ.cs and the- ensuing long-term
compllcatlons was further confirmed in  the recently
completed Diabetes. Control and Complications. Trial. (DCCT)

'undertaken by the National Inst:.tutes of Health. The

Diabetes Control and Compl:l.cat:Lons Trial Research Group,
N. Eng. J. Med 329: 9'77 (1993). The DCCT was conducted
over a 10-year perlod at 29 clinical centers around the

.United States and Canada, and showed that lowering mean

blood glucose concentrations in Type I diabetics reduced
end—organ complications. The development of retinopathy
was reduced by 76%, the progression of ret:.-nopathy by 54%,
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and there was an amelioration of the markers of renal
disease (proteinuria, albuminuria). The development of
significant neuropathic changes was also reduced.

The treatment of Type I diabetes necessarily
involves the administration of replacement doses of
insulin, administered by the parenteral route. In combi-
nation with the correct diet and self-blood glucose
monitoring, the majority of Type I diabetics can achieve
a certain level of control of blood glucose.

In contrast to Type I diabetes, treatment of Type
II diabetes frequently does not require the use of insu-
lin. Institution of therapy in Type II diabetes
usually involves a trial of dietary therapy and lifestyle
modification, typically for 6-12 weeks in the first
instance. Features of a diabetic diet include an adequate
but not excegsive total calorie intake, with regular
meals, restriction of the content of saturated fat, a
concomitant increase in the polyunsaturated fatty acid
content, and an increased intake of dietary fiber.
Lifestyle modifications include the maintenance of regular
exercise, as an aid both to weight control and also to
reduce the degree of insulin resistance. If after an
adequate trial of diet and 1lifestyle modifications,
fasting hyperglycemia persists, then a diagnosis of
sprimary diet failure® may be made, and either a trial of
oral hypoglycemic therapy or direct institution of insulin
therapy will be required to producé blood glucose control
and, thereby, to{minimize the complications of the dis-
ease. Type II diabetics who fail to respond to diet and
weight loss may respond to therapy with oral hypoglycemic
agents such as sulfonylureas or biguanides. Insulin
therapy, however, is used to treat other patients with
Type II diabetes, especially those who have undergone
primary dietary failure and are not obese, or those who
have undergone both primary diet failure and secondary

oral hypoglycemic failure.
The use of amylin agonists in the treatment of

a
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d:.abetes mell:Ltus has been descr:.bed 1n UnJ.ted States
Patent Nos. 5,124,314 and 5 175, 145 Excess amylin action
mimics key features of Type IT dlabetes and amylln block-
'ade has been proposed as a novel therapeutlc strategy.
United States Patent No 5 266 561 1ssued November 30,
_1993 and ‘Unlted States Patent No. 5,281, 581, issued
January 25 _ 1994 dlsclose the treatment of Type II
diabetes and 1nsu11n res;stance_thh amylin antagonlsts
It has prev1ously been reported that infusion of
the amyl:.n agon:.st 25,28, ”Pro—h—amyl:.n, decreased post-
.prandlal glucose concentratlons ”ln Type I diabetics.
Mbyses & Kolterman, Drugs of the Future (May 1995). In a
51ngle b11nd crossover study 1n 6 male subjects w1th Type
I diabetes, a 2-hour J.nfus:.on of the amyl:.n agon:l.st,
?S’S”Pro-h-amylln at a rate of 150 ug/hr ‘was reported to
s:l.gnJ.f:Lcantly decrease post—prand:.al hyperglycemn.a follow-
ing 1ngest10n of a. mlxed meal. Thls effect was conflrmed
in a second study whlch employed an 1nfus10n rate of 50
Mg/hr for 5 hours 1n ) subjects with Type I dlabetes. A
nutrlent challenge was glven elther orally (1n the form of
a Sustacal@)meal) or as .an 1ntravenous glucose 1oad of 300
mg/kg. Administration of 25,28, ’9Pro-h-amy11n reportedly led
. to a s1gn1f1cant decrease in post—prand1al glucose excur-
sion after the oral Sustaca1® meal but not after the
:mtravenous adm:m:.stratlon of glucose, cons:.stent Wlth an
_ effect to delay gastrlc empty:.ng and thus the gastrointes-
t:Lnal absorpt::.on of nutrlents. 'In a further double-blind,
placebo-controlled study, self -inj ected 25.28,29pycy_ h—amylln,
taken before meals thr:l.ce dally, also led to reduced
glucose excurslon after a test meal The patlents contin-
ued their usual 1nsu11n reglme. In ‘the third study, a
stat:.st:.cally s:.gnificant effect was seen w:|.th a dose of
30 plg of the a.myl:l.n agon:...,t. '

§u1fmag of the Invention |
‘We have discovered tht £, unexpectedly, non-
:Lnsulln-tak:mg ‘I‘ype I d:.abetlc pat:.ents may be treated by
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the administration of an amylin agonist in order to lower
their blood glucose concentrations. We have also discov-
ered that t.'rea’t:mént of non-insulin-taking TPype II diabetic
patients with an amylin agonist is particularly beneficial
for those patients having an HbAlc value above normal.

In one aspect, the present invention is directed
to a method for the treatment of a non~insulin-taking Type
IT diabetic subject compr:x.s:.ng administering a therapeuti-
cally effect:.ve amount of an amylin agonist. By "non-
insulin-taking 'I'ype IT diabetic subject" is meant a
subject who has Type II diabetes mellitus, but whose
diabetes is currently being managed without the use of
J.nsul:.n, for example, by any conbination of diet, exer-
cise, mod:.f:.catlon of lifestyle, or use of oral hypoglyce-
mic agents, such as biguanides and sulfonylureas. Diagno-
sis of pati_eﬁt_:s afflicted with Type II diabetes is well
within the 'hb_ility and knowledge of one skilled in the
art. For example, individuals over the age of 35 who have
symptoms of polydipsia, polyuria, polyphagia (with or
without wéighf 1dss) coupled with ‘elevated plasma glucose
concentratxons and without a history of ketoacidosis are
generally cons:.dered within the diagnosis of Type II
diabetes mell:.tus. The presence of obesity, a positive
family h:.story for Type II diabetes and normal or elevated
fasting plasma insulin and c-pept:.de concentrations are
additional ‘charact_erlstn.cs of most patients with Type II
diabetes mellitus. By "therapeutically effective amount”
is meant an 'ét'npnnt, either in single or multiple doses,
which beneficiaily reduces plasmai glucose concentrations
in a2 subject afflicted with Type II diabetes mellitus.

In a preférred embodiment, the present invention
is directéd i:o a method for the treatment of a non-insu-
lin-taking ‘Ijépe IT diabetic subject comprising administer-
ing a theraf:eutically effective amount of an amylin
agonist where:.n the subject has a HbAlc value above the
upper  end of t:he range of HbaAlc values for normal sub-
jects. I-IbZLlc represents a post- tra_nslat:.onal medification
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of hemoglob:.n wh:.ch occurs by a non--enzymatlc process
whereby glucose becomes attached to hemoglob:.n A, and
typlcally reflects the average plasma glucose concentra-
t:.on over the precedlng 120 days, the average 1:.fespan of
a red blood cell. The upper_ end_ of _the normal r&rige for
HbAlc values, that is, the upper end of the range for
normal non-dlabet:.c subjects, :Ls generally understood to
"be from about 6.0% to about 7.5%. In another preferred
embod:.ment, the subject has an HbAlc value of at least
about 8%. _ _
In another aspect, ‘the. present 1nvent:|.on is
dJ.rected to a method of lower:l.ng blood glucose 1n a non-
:l.nsuln.n-tak:l.ng 'I'ype 1T dlabetn,c subJect compr:.s:.ng admin-
istering to said subject a blood glucose-lower:.ng anmount
of an amyl:.n agon:t.st A glucose-lower:mg amount of an
amyl:.n agon:l.st will preferably range from between about
0.05 p.g/kg/day to about 10 p,g/kg/day, more preferably,
between about 0. 05 ug/kg/day to about 6 ug/kg/day, and
even more preferably, between about 1.0 pg/kg/day to about
4 ug/kg/day For example, an effectlve blood glucose
lower:l.ng amount of 25-3% 2"Pro—h-—r:unyl:.'.n (AC137) will generally
vary from about 0.05 ug/kg/day to about 10 p.g/kg/day,
preferably 0.1 p,g/kg/day to about 6. 0 ug/kg/day A dose
of from about 1.0 pg/kg/day to about 4. o u.g/kg/day is
preferred. In a preferred embod:.ment, the subject has an
HbAlc value above the upper end of the normal range of
-HhAlc values for normal subjects In another preferred
embodiments of the present J.nventJ.on, he subject ‘has an

- HbAlc value of at least: about 8%

30

35

In preferred embod:.ments of the present
inventlon, the amyl:Ln agon:l.st is selected from group
consisting of 252 2"Pro-h—amylzl.n (ACl37) , s-calcitonin and
lh—amylln. Part:.cularly preferred is 25:2®2pro-h-amylin
(aC137) . I o

'Adm'J.nJ.stration of amylin 'agonists may be by
various routes, 1nc1ud1ng subcutaneously. :Lntramuscularly,

nasally or transdermally.
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Brief Description of the Drawings

The invention will be further described with
reference to the accompanying drawings in which:

Fig. 1 shows the correlation between AC137-
J.nduced reduction in post-prandial hyperglycemla and HbAlc
status in 1nsu11n-treated and non-insulin-treated. pa-
tients. Patients are rank-ordered for HbAlc levels. The
correlation (r?) was 0.56 in non-insulin-treated patients,
0.10 in insulin-treated patients, and 0.33 for all pa-
tients combined.

Detailed Descrs.ption of the Invent:.on
' Amyl:s.n agonist agents may be identified by

activity in the receptor binding and soleus muscle assays
described below. Amylin agonist acfivity of compounds may
also be assessed by the ability to induce hypercalcemia
and/or hyperglycemia in mammals, or to reduce post-prandi-
al plasma glucose levels, as described herein.

The nomenclature of various amylin agonist
compounds useful in the present inention can be used to
indicate both the peptide that the sequence is based on
and the modifications made to any basic peptide amylin
sequence, such as human amylin. An amino acid preceded by
a superscript number indicates that the named amino acid
replaces the amino acid normally present at the amino acid
position of the superscript in the basic amino acid
sequence. For example, L Ve ol z"E’:rci-—11-~a.my1:i_n" refers to a
peptide based on the sequence of “h-amylin" or "human-
amylin® hav:t.ng the following substitutions- Arg replacing
His at residue 18, Pro replacing Ala at residue 25 and Pro
replacing Ser at residue 28. The term *des-'Lys-h-amylin®
refers to a peptide based on the seguence of human amylin,
with the first, or N-terminal, amino acid deleted.

' Preferred amylin agonist compounds des-Lys-h~
amylin, “Pro-h-amylin 2%.28.2pro-h-amylin, % prg?3*pro-h-
amylin, and d«es-":L.ys“'}u:g25 mPro-l'z-amyll.:m, all show amylin
activity in vivo in treated test ax;lmals, provoking marked
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hyperlactemla followed by hyperglycem:.a _ l'n addition to
hav:.ng act:.v:.tles characterlstlc of amyl:.n, ~certain

. preferred compounds have also been found to possess more

10

desirable solubJ.lJ.ty and stab:.l:n.ty characterlstlcs when

_compared to- human amyl:l.n - These preferred compounds

include ‘5Pro"‘Val’s zsPro-h-amylln 25,28, 29Pro-h-amyl:a.n (also
referred to herein as "AC-0137 ), and “Arg’s 2"!?ro--h-amylln

The methods of the present J.nventlon employ an
amyl:.n agom.sts, 1nc1uding amyl:.n or an amylln agonist
analogue, for example, amylin receptor agonist analogues
such as 18Arg‘-" zal?ro—h—amyl:l.n, des—‘Lys“Arg’s m’Pro—h-amyl::.n,
*Arg?s-2%.2*pro-h-amylin, des-‘Lys“Arg’s :38, 29Pro—h-amyl:x.n 25,38~

llz’Pro-h-amle.n, des ILys*‘5 128, zs}?ro—h-amle.n, and ’sPro"‘Val"s 28,
'Pro-h-amyl:.n. Examples of other su:l.table amyl:.n agon:.st
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analogues J.nclude :

23Leu35Pro“Va1” ”Pro-h-amyl:.n,
| 23Leu""’l"ro“Valz‘Pro—h--aunyl:Ln,
N des-1Lys’3Leu35Pro"Val“Pro—h—amyl:.n,
. _"Arg”Leu’sPro“Val"Pro-h—a.myl1n,
| “Arg”Leu” +28, ”Pro-h—amyl:m, '
“Arg”Leu’s 2“l?ro-h—arﬂyl:l.n,
1I1e®Leu® 28 ”Pro-h-amyl:.n,
_”Ile25 28, 29!?ro-h-amyl:i.n, -
, des-lLys”Ile”Leu25 2, 29Pro-h—axm;l::.n,
' 1"Ile""Arg'”‘Leu—l'.\-amyl:Ln, _
) “"Ile“Arg”Leu“Val”Pro—h-amyl1n,
1"Ile“’Arg"’:‘Leuzs.l?ro’*"Va12" 29Pro—h-amyl:.n,
13Thr“HJ, s’3Leu25Ala"Leu’9Pro31Asp-h—amyl in;
13'I‘hr”H1s”Leu"Ala”Pro”Asp—h—amyl:|.n,
des-1Lys“Thr’1H:Ls”Leuz‘Ala”Pro”Asp h-amyl:.n,
13‘I’hr“‘z&rg‘lH:Ls”Leu’‘Ala”‘l’ro‘”‘Asp—h-amyl:Ln,
_ 1:"I“‘:IC“’A:;:'C His?*Leu?®- ”Pro“Asp-h-amyl:Ln, and,
B 13'I'hr“Arg' ~H:l.s’31:.eu“""1='ro"Ala28 29Pro“Asp-h—c‘:tmylzl.n
_ still further amylin agon:.sts :anlud:mg amylin
agon:l.st analogues are dlsclosed and methods for making

~and using amyl:.n agonists are fiurther spec:.f:.ed in

commonly owned in U.S. Patent Appl:.cat:.on, entltled "Novel
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Amylin Agonist Peptides and Uses Therfor" filed May 30,
1995 (docket no. 213/080) and corresponding PCT applica-
tion Publication No. WO 93/10146, publ:.shed May 27, 1993,
the disclosures of which are hereby incorporated by this
reference. These agonists are useful in reducing blood
glucose concentrations in a ncn-::_msul:.n—us:.ng Type IT
diabetic subject.

The activity of amylin agonlsts nay be evaluated
using certain biological assays 'descrz.bed herein. The
receptor binding assay can 1dent1fy both candidate amylin
agonists and antagonists and can" be used to evaluate
binding, while the soleus muscle assay can be used to
distinguish between amylin agonists and antagonists.
Preferably, agonist compounds ex_;;_:.b:.t activity in the
receptor binding assay on the ordéi‘ of less than about 1
to 5 nM, preferably less than about;"'l nM and more prefera-
bly less than about 50 pM. In E}ie soleus muscle assay
these compounds preferably show Ecs,,!'values on the order of
legs than about 1 to 10 micromola:i;:@.:

The receptor binding assay is described in United
States Patent No. 5,264,372, issued November 23, 1993, the
disclosure of which is incorporatéd herein by reference.
The receptor binding assay is a compet:.t:.on assay which
measures the ability of compounds to bind specifically to
nembrane-bound amylin receptors. A preferred source of
the membrane preparations used ir.{ zthe assay is the basal
forebrain which comprises membranes from the nucleus
accumbens and surrounding reg:.ons . Compounds being
assayed compete for binding to these receptor preparations
with **°I Bolton Hunter rat amyl__:.:g, Competition curves,
wherein the amount bound (B) is ﬁ;."l:otted as a function of
the log of the concentration of ligand are analyzed by
computer, using analyses by non;.:mear regression to a
4-parameter logistic equation {Jfknplot program; GraphPAD
Software, San Diego, California) or the ALLFIT program of
Del.ean gt. al. (ALLFIT, Version 2.7 {NIH, Bethesda, MD
20892)). Munson, P. and Rodbard, D., Anal. Biochem.
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'107 220 239 (1980)

' Assays of bJ.olog:Lcal act:l.v1ty of amyl:l.n agonlsts,

' 1nc1ud1ng a:wl:.n agon:.st analogue preparat:n.ons, in the

soleus muscle are performed us:.ng prev:.ously descr:.bed
methods: (Lelghton,_B and- Cooper, G J S., Nature, 335:632~

635 (1988); Cooper, G.J.S., et al. Proc _Natl. Acad. Sci.
Usa 85: 7763 7766 (1988)) In summary, amyl:.n agonist

actlvity 1s assessed by measur;l.ng the 1nh1b1t:|.on of
J.nsulin-st:l.mulated glycogen synthes:.s 1n soleus muscle.
Amyl:.n antagona.st act:.v:.ty is. assessed by measur:mg the
resumptlon of 1nsu11n—st1mulated glycogen synthes:.s :|.n the
presence of 100 nM rat amylin and an amyl:.n antagonlst.
Concentratlons ' of pept:l.de d:.ssolved in carr:.er-free

buffers are determ:l.ned by quant:l.tat:.ve amino acid analy-
's:Ls, as descr:.bed there:Ln The ab:l.l:l.ty of compounds to

act as agon:l.sts 1n th:l.s assay is determ::.ned by measuring
ECsy values ' Standard errors are determ:.ned by flttJ.ng of
sigmoidal dose response curves using _a _four parameter
logistic equation (De Lean, A., Munson, P.J., Guardabasso,
V. and Rodbard, D. (1988) ALLFIT, Version 2.7, National
Inst:.tute o:E Child Health and Human Development. N I.H.
Bethesda, MD, 1 da.skette) A number of a.mylin agonlsts
have been characterlzed using these b::.olog:l.cal assays.

‘The compounds “Arg’s **pro-h-amylin, des‘I..ys“’Arg25 2“l?ro-h--

amylin, 18Argz-" +28, z’Pro—h-am:lrl:.n, des-‘Lys“Arg e 128,39prg h-
amyl:.n 25,28, 3’Pro—h—amyl:m, des--‘Lys’-"'z8 ”Pro—h-amylln, and
35Pro"’Val’5 2*‘I-"ro—h--amylz.n were all found to compete with
amylin in the receptor b:l.nd:l.ng assay. These compounds

have negl:.g:l.ble antagon:.st actlvz.ty as. measured by the.

soleus muscle assay and were shown to act as amylin

agon:l.sts._
Effects of amyl:.ns or amyl:.n agonxsts on gastr:.c

"mot:Ll:.ty can be 1dent1f1ed. evaluated. or screened for

using the methods descrz.bed 1n U S. Appl:Lcat:Lons Serial

'No. 08/118, 381 ‘filed September 7, 1993, and U.S. Applica-

' tlon Serlal No. 08/302,069, £iled September 7, 1994

(correspondlng to PCT Appl:.cat:.on, Publication No. WO
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95/07098), the disclosures of which are hereby incorporat-
ed by reference, or other art-known or equivalent methods
for determining gastric motility. One such method for use
in identifying or evaluating the ability of a compound to
slow gastric':' motility, comprises: (a) bringing together a
test sample and a test system, said test sample comprising
one or more test compounds, and said test system compris-
ing a system' for evaluating gastric motility, said system
being characterized in that it exhibits, for example,
elevated plasma glucose in response to the introduction to
said system of glucose or a meal; and, (b) determining the
presence or amount of a rise in plasma glucose in said
system. Positive and/or negative controls may be used as
well. Optionally, a predetermined amount of amylin
antagonist (e.g., **salmon calcitonin) may be added to the
test system. |

aAmylin agonists such as those described above are
prepared ﬁs’ing standard solid-phase peptide synthesis
techniques and preferably an automated or semiautomated
peptide éynthesizer. Typically, an o~N-carbamoyl protect-
ed amino acid and an amino acid attached to the growing
peptide chain on a resin are coupled at room temperature
in an inert solvent such as d:methylformamxde, N-methylpy-
rrol:.d:.none or methylene chloride in the presence of
coupling agents such as d:.cyclahexylcarbodl:uude and 1-
hydroxybenzotr:.azole in the presence of a base such as
dnsopropylethyiamme The a-N—carbamoyl protecting group
is removed from the resultz.ng pept:.de-reszn using a
reagent such as trifluorocacetic __acz.d or piperidine, and
the coupling reaction repeated wit:h the next desired N-
protecte& ammo acid to be added to the peptide chain.
Suitable N-protecting groups are:" well known in the art,
with t-butyloxycarbonyl (tBoc) and fluorenylmethoxycarbon-
vl (Fmoc) be:.ng preferred hereln._

The sglvents, amino ac:xd derivatives and
4-methylbenzhy&ryl-am1ne resin used in the peptide synthe-
sizer are purchased from Applied B:Losystans Inc. (Foster
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City, CA),_ unless otherw:.se 1nd1cated _. The side-chain

protected amJ.no ac:.ds are purchased from Appl:.ed Blosyste-
ms, Inc and 1nclude the follow:.ng Boc-Arg (Mts) ., Fmoc-
Arg(Pmc) ' Boc-Thr(le) : Fmoc—Thr(t-Bu) . Boc—Ser(le) ’

'Fmoc-Ser(t-Bu), Boc- Tyr(BrZ), Fmoc-Tyr(t-Bu), Boc-Lys (C1~ -

z}, Fmoc-Lys(Boc) . Boc-Glu (le) . Fmoc-Glu(t-BuJ ., Fmoc-
His ('I'rt) , Fmoc-Asn(Trt), _and Fmoc—Gln('I‘rt) Boc-His(BOM)
is purchased from Appl:l.ed Biosystems,_ Inc or Bachem Inc.
(Torrance, CA). An:.sole, methylsulfide, phenol ethanedl—

_ th101 and thioan:\.sole are obtained from Aldr:.ch Chem:l.cal

Company (M:Llwaukee, WI) Air Products and Chemicals
(Allentown, PA) suppl:Les HF. Ethyl ether, acet:.c ac1d and
methanol are purchased from FJ.sher Sc1ent1f1c (P:.ttsburgh,
Pa). :
Solld phase pept:.de synthes:.s is carr:Led out with
an automatic pept:.de synthesizer (Model 4302, Applied
B:Losystems Inc., Foster City, CA) us:mg the NMP/HOBt
(Option 1) system and Tboc or Fmoc chem:.stry (see, Appl:.ed
Biosystems User s Manual for the ABI 430A Pept:.de Synthe—
s1zer, Vers:.on 1 .3B July 1, 1988, sect:Lon 6, pp. 49-70,

_Appl:.ed B:Losystems,_ Inc.,: Foster c:.ty, CA) w:.th capp:Lng
.' Boc-pept:.de resins are cleaved w:Lth HF ( -5°C to O°C, 1

hour) . The pept:.de is extracted from the res.m with

'alternat:.ng water and acet:.c ac:.d, ) and the f:.ltrates were

1yoph111zed The Fmoc—peptlde res:ms are cleaved accord—

. ing to standard methods ( gtrodugg:.on to Clegy_age Tech-
_' nigques, Appl:.ed B:Losystems, Inc., 1990 pp._ 6 12) Some

peptldes are also assembled us:.ng an Advanced Chem Tech
Synthesizer (Model MPS. -350, - Lou:.sv:Llle, : Kentucky)

Peptldes are purlfled by RP-HPLC (preparat:l.ve and analyti-
cal) us:mg a Waters Delta Prep 3000 system A C4, C8 or
cis preparatlve column (10 i, 2. 2 x 25 cm, Vydac, Hesperl—
a, Ca) is used to 1solate pept:l.des, and pur:.ty is deter—
mined using a C4 C8 or Cl8 analyt:.cal column (5 u, 0.46
x 25 cm, Vydac) Solvents (A-O 1% 'I‘FA/water and B=0.1%
TFA/CH,CN) are delivered to the analyt:.cal column at a
flowrate of 1.0 ml/min and to the preparat:.ve column at 15
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ml/min., Amino acid analyses are performed on the Waters
Pico Tag system and processed uSihg the Maxima program.
The peptides are hydrolyzed by vapor-phase acid hydrolysis
(115°C, 20-24 h}.  Hydrolysates are derivatized and
analyzed by standard methods (Cohen, S.A., Meys, M., and
Tarrin, T.L., (1989), The Pico Tag Method: A Manual of
Advanced Techniques for Amino Acid Analysis, pp. 11-52,
Millipore Corporation, Milford, MA) . Past atom bombard-
ment analysis is carried out by M-Scan, Incorporated (West
Chester, PA). Mass calibration is performed using cesium
iodide or cesium iodide/glycerol. Plasma desorption
ionization analysis using time of flight detection is
carried out on an Applied Biosystems Bio-Ion 20 mass
spectrometer.

Peptide compounds useful in the claimed methods
also be prepared using recombinant DNA techniques, using
methods now known in the art. See, e£.g., Sambrook et al.,
Molecular Cloning: A Laboratory Manual, 2d Ed., Cold
Spring Harbor (1989).

The compounds referenced above form salts with
various inorganic and organic acids and bases. Such salts
include salts prepared with organic and inorganic acids,
for example, Hcl, HBr, H,SO,, H,PO,, trifluoroacetic acid,
acetic acid, formic acid, methanesulfonic acid, toluenesu-
lfonic acid, maleic acid, fumaric ggid and camphorsulfonic
acid. Salts prepared with base.s'_include ammonium salts,
alkali metal salts, e.g. sodium and potassium salts, and
alkali earth salts, e.g. calcium and magnesium salts.
Acetate, hydrochloride, and tri.fiuoroacetate salts are
preferred. The salts may be formed by conventional means,
as by reacting the free acid or b_é_t_se forms of the product
with one or more equivalents of 'ri_:he appropriate base or
acid in a solvent or medium in whﬁ._ch the salt is insolu-
ble, or in a solvent such as water which is then removed
in vacuo or by freeze-drying or by exchanging the ions of
an existing salt for another ion on a suitable ion ex-
change resin. "
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_ Compos:.tlons useful in the 1nvent:|.on may conven-
:Lently be prov1ded in the :Eorm of formulat:.ons suitable
.:for parenteral (1nc1ud1ng, 1ntramuscu1ar and subcutaneous)
or nasal or transdermal and/ or suitably encapsulated or
'otherwn.se prepared ‘by another known methods for oral
admlnz.strat:.on A su:.table adm:.n:.strat:.on format may best
1nd:.v1dua11y. _' '_ Sultable pharmaceut:.cally acceptable
carriers and thelr formulat:.on are descr:l.bed :Ln standard
"'formulatz.on treat:.ses, ,e_;g_ Rem:.ngtgn s Pharmaceutical
§c1gnces by E W. Mart:.n. ' See also Wang, Y .J. and Hanson,
M.A. "Parenteral Formulat:n.ons of Prote;ns and Peptldes
Stab:.l:.ty and Stab:.l:.zers, " Jourgal gf Pa;gntergl SC;ence
4 Technology, Technical Report No. 10, Supp. 42:28
(1988). e |
. Compounds useful in the invention can be provided
as parenteral compos:.tlons for :Lnject:.on or 1nfu51on.
Preferably, they are dissolved 1n an aqueous carrler, for
example, in an isotonic buffer solut:.on at a pH of about
4'3 to 7.4. | ’I’hese compos:.t:.ons may be ster:.l:.zed by
conventlonal sterlllzatlon techn:.ques, or may be sterile
flltered The compos:.tlons may conta:.n pharmaceutlcally
acceptable aux:.l:.ary substances as requ:l.red to stabilize
‘the formulation, such as pH buffer:l.ng agents. ‘Useful
buffers 1nc1ude for example, sodlum acetate/acetlc acid
'buffers A form of repos:Ltozy or _"depot" slow release
preparation may be used so that therapeutlcally effectlve
-amounts of the preparat:.on are del:n.vered into the blood-
stream over many- hours: or days follow:.ng tra.nsdemal
injection or del:l.very
The des:.red isoton1c1ty may be accompllshed using
sod:Lum chlor:.de or  other’ pharmaceut:.cally acceptable
agents such as dextrose, bOI‘lC ac1d sodium tartrate,
propylene glycol polyols {such as mann:Ltol and sorbitol),
or other inorganic or organic solutes. Sod:.um chloxide is
preferred partlcularly for buffers containing sodium ions.
If desired, solutions of the above compositions may be
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thickened with a thickening agent such as methyl cellu-
lose. ' |

Compositions useful in the invention are prepared
by mixing the ingredients followihg generally accepted
procedures. For example, the selected components may be
mixed in a blender or other standard device to produce a
concentrated mixture which may then be adjusted to the
final concentration and viscosity by the addition of water
or thickening agent and possibly a buffer to control pH or
an additional solute to control tonicity.

For use by the physician, the compositions will
be provided in dosage unit form containing an amount of an
amylin agonist, which will be effective in one or multiple
doses to control bleod glucose aﬁ the selected level.
Therapeutically effective amounts of an amylin agonist are
those that decrease post-prandial blood glucose levels,
preferably to no lower than about 5 to 6 mM or such that
blood glucose levels are reduced as desired. In diabetic
or glucose intolerant individuales, plasma glucose levels
are higher than in normal individuals. In such individu-
als, beneficial reduction or " smcotia_.ing" of post-prandial
blood glucose levels, may be obtained. as will be recog-
nized by those in the field, in determining an effective
dose for a ;;articular subject, a number of factors are
considered, including without 1limitation the patient’s
size, age, and general health, the degree of or involve-
nent or the severity of the disease, the response of the
individual patient, the particular compound administered,
the mode of administration, the biéé.vailability character-
istics of the preparation administéred, the dose regimen
selected and the use of concomitant medication.

The effective daily dose of amylin agonists,
including  #Arg****Pro-h-amylin, des-‘Lys**Arg®*-**pPro-h-
amylin, Arg?>-?*#*pro-h-amylin, des-'Lys'®Arg- 2%:3%2%pro-h-
amylin, 25:%¥pro-h-amylin, des-Lys®*?®**Pro-h-amylin, and
#pro**val** *pro-h-amylin, will typically be in the range of
0.05 :.lg/kg/day '_ tp about 10 ug/kg/day, preferably about
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0.05 j.tg/kg'/day to about 6.0 ug/ké/day and more'preferably
about 1.0 l.lg/kg/day to about 4. 0 ug/kg/day administered in
a s:.ngle or div '.ded doses The exact dose to be adminis-
tered is determined by the attend:.ng cl:Ln:Lc:Lan and is
dependent upon where the - part:Lcular compound 11es within-
the above quoted ‘range, as well as upon the age,_ we:.ght

‘and cond:Ltlon of the. individual. Adm:.n:.stration should

beg:.n at the f:.rst sign of symptoms or shortly after
d:.agnos:.s of dlabetes mell:Ltus. _ Adm:Ln:LstratJ.on may be by
:.nj ect:.on, preferably subcutaneous or ' :Lntramuscular.
Adm:.m.stratlon may also be nasally or transdermally.
Orally actlve compounds may be taken orally, however

_dosages should be adjusted based on theJ.r potenc:l.es and

bioavailabilities, as appropr::.ate. B
_ Pept:.de amyl:Ln agon:Lsts, for example,

35,28, z”Pro—h—amyl:.n, __ may be adm:.n:.stered in s:.ngle or
mult:.ple doses, for example, two (BID), three (TID),
and/ or four (QID) t:Lmes per day BID doses preferably
range from about 30 kg BID to about 150 ug BID, more
preferably from about 50 ug BID to about 60 Mg BID. TID
doses also preferably range from about 30 ug TID to about

_150 ug TID, more preferably about 60 |,|.g 'I‘ID QID doses
: preferably range from about 30 ug QID to about 60 Mg QID,

and more preferably about 30 Rg. QID. Preferably these
doses, which have been demonstrated to be effectlve in
various human c11n1ca1 tr:.als, are adm:.nlstered subcutane—
ously. _ ' _

o The follow:.ng Example is 111ustrat1ve, but not
limiting of the methods of the present :anent:.on Other
st :table amyl_: agonlst compounds that may be modn.fied or
adapted for use¢ in the claimed methods are also appropri-
ate and are within the spirit and sCope; of the invention.

A single-blind, placebo-controlled randomized,
two-period crossover clinical trial was performed to
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assess the effects of microinfusion of the amylin agonist,
25.28,.29pro-h-amylin (AC137) on patients with Type II diabetes
mellitus following a standardized oral test meal.

Patients who satisfied the screening requirements
were randomized ‘and participated in an investigation
period which consisted of an acclimatization day (Study
pay 1) followed by two treatment days (Study Days 2 and
3). Fourteen male and 10 female patients were enrolled in
the trial Twelve patients were randomized to place-
bo/AC137 and 12 patients were randomized to AC137/placebo.
Each study drug group had 6 insulin-treated patients and
6 non-insulin-treated patients., Of the 12 insulin-
treated patients, 10 received insulin alone and 2 received
an oral hypoglycemic agent. Of the 12 non-insulin-treated
patients, 7 were treated with an oral hypoglycemic agent.
Thus, four groups of six patients were generated. Pa-
tients in Groups 1 and 2 received insulin. Patients in
Groups 3 and 4 did not receive insulin. Patients in
Groups 1 and 3 were treated with a 5-hour infusion of 100
Rg/h AC137 on Study Day 2 followed by a 15-hour washout
period and a 5-hour infusion of placebo on Study Day 3.
Patients in Groups 2 and 4 were treated with a 5-hour
infusion of placebo on Study Day 2 followed by a 15-hour
washout period and a 5-hour infusion of 100 pg/h AC137 on
Study Day 3. Both AC137 and placebo were administered
with an intravenous microinfusion pump. All patients
consumed a standardized Sustacal® test meal (7 kcal/kg) 60
minutes after the start of study drug infusion on both
treatment days. The Sustacal® test meal is a commercially
available nutritional supplement which contains 1.01
kcal/ml with the caloric composi't'ion being 24% protein,
21% fat and 55% carbohydrate. Sodium and calcium caseina-
tes along with soy protein provide‘ the protein calories;
partially hydrogenated soybean oil provides the fat
calories; and sucrose and corn syi‘up provide the carbohy-
drate calories.

'Each patient’s usual insulin and/or oral hypogly-
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_cem:.c agent and calor:l.c J.ntake, as documented dur::.ng the

screening v1s1t were stabn.l:.zed durJ.ng the 24 hour
accl:l.matlzatlon per:.od (Study Day 1), Pat:.ents were

_'served breakfast at 8 00 a. m., lunch at 12 00 noon, and

dinner at 6 00 ‘Pim. The patlent‘s usual dose of 1nsu11n-
and/ or hypoglycemlc agent was taken 30 m:l.nutes prlor to

'meals An even:Lng snack was served based on the usual
‘diet of the patlents. Water was g:l.ven as needed All

pat:.ents followed this :.nsul:.n/oral hypoglycems.c and
dietary rng.men throughout the :anestigation per:.od '
Mean plasma glucose levels from Hours 1 through

' 5 follow:l.ng a Sustacal@ test meal are presented 1n Table

1 .
TABLE 1. Mean Plasma Glucose Levels From Hours 1
' 'I'hrough 5 Follow:.ng a- Sustacal® Test ‘Meal
' o Mean + SEM ° diy - B
Subgroup - AC137 -Placebo . p-Value®
Insulln-Treated

Patients (N=12)  183.1  13.4 243.0 % 16.5  0.0035

Non-Insulln-Treated

Patients (N=12)  169.8 # 15. 7 | 133 2 % 19. s 'Ns
& P-value for two—per:.od crossover ANOVA NS = Not
s:.gn:.f:.cant. . '

The mean plasma glucose levels from Hours 1
through 5 were stat:LstJ.cally s:.gn:.f:.cantly lower following
the Sustacal® test meal when :Lnsula.n—treated patients .
received AC137 compared o when 1nsul:.n—treated patients
receiving placebo_ . There was a mean reduct:.on in glucose
levels of 23%" in'AC137 J.nfused :.nsul:m-treated patients.

The mean glucose levels were not stata.stically
s1gn1f1cant1y dJ.fferent in AC137-infused non-insulin-
treated pat:.ents compared to placebo -treated patients.

The zero-hour AUC,luo,,u_s, . (area under the plasma '

' glucose concentration curve, above or below the baseline
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plasma glucose concentration, between hours 1 and 5 of the
test period calculated employing the trapezoidal rule) and
zero-hour C,, for plasma glucose (maximum plasma glucose
concentration} in insulin-treated and non-insulin-treated
patients following a Sustacal® test meal are summarized in
Table 2,

TABLE 2. Zero-Hour AUC_; and Zero-Hour C,, Following
a Sustacal® Test Meal: Plasma Glucose

Subgroup/ AC137 Placebo
Parameter (Mean * SEM) {Mean + SEM) p-vValue®

Insulin-Treated

Patients (N=12)

AUC,,.5 {mg-h/dl) 51.2 £ 52.0 : + 52.3 0.0012
Coax {(mg/dl) 42.0 £ 15.0 118.1 + 17.1 0.0007
Non-Insulin-Treated

Patients (N=12) _

AUC,;.5, {(mg-h/dl) 53.3 + 27.4 124.3 % 28.3 NS

Crex (mg/dl) 40.1 £ 10.2 6_6.9 r 7.7 0.038
2 p-value for two-period crossover ANOVA. NS = Not

significant.

The AUC.; and C,,, for plasma glucose in insulin-
treated and non-insulin-treated _',Batients following a
Sustacal® test meal are summarized in Table 3.
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TABLE 3. AUCu_s, and C Follow:mg a Sustacal@ Test
Meal: lasma Glucose N

Subgroup/ ACl37 : Placebo . _

Parameter (Mean * SEM)~ - (Mean % SEM) - p-Value®* -

Insul in—Tfeated

Patients (N=12)

AUC,.s, (mg-h/dl) = 736.2 = 54.1 984.7 * 67.6  0.0031
Cpax (mg/da1) 213.3 + 14.9 293.2 % 21.9 0.0017

Non-Insulin-Treated

Patients (I_sr_-'-l'z')"

AUC,., (mg-h/dl) = 681.3 * 62.8 738,3 t 80.0 NS

m(mg/dl) 197.1 = 17.1 220 4 % 20.0 0.048
= P-value for two-period crossover ANOVA. NS = Not
szgm.f:.cant. . : o :

Glucose zero-hour AUC, s, zero-hour C,,, AUC(..
and C,x Wwere statistically significantly lower when

insul:.n-treated patients- rece:.ved AC137 compared to when
_ i_.nsulln—_treated__pat;_:.er_n:s received placebo. The effect was

most pronounced for ‘the zere-hour' parameters. There was
a mean reduction of 93% in zero-hour AUC, and a mean
reductlon of 66% in zero-hour Crax When insulin-treated

pat:l.ents rece:.ved AC137.

In non-lnsulln-treated patlents, only glucose
zero-hour Cp., and Cm,'; were statistically s1gn:|.f1cantly
lower with AC137 infusion, alt;hough the reduction in zero-
hour AUC.., appears to be clinically meaningful.

Results from insulin-treated patients and non-
insulin-treated patients were compared (ANOVA). After
placebo infusion, glucose zero-hour AUC s was 2.3-fold
higher (p=0.013) in insulin-treated patients than in non-
insulin-treated patients. Glucose zero-hour C,, was 1.8-
fold higher (p=0.012) in insulin-treated placebo patients
than in non-insulin-treated placebo patients. Glucose
AUC,; 5, and Cy, also were high in insulin-treated placebo
patients (p=0.028 and 0.023, respectively). When results
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from insulin-treated and non-insulin-treated patients were
compared (ANOVA} after AC137 i'n‘fusion,‘ there was no
statistically significant differen;}e for glucose zero-hour
AUC(;5y, zero-hour Cp,, AUC;, and Cp..

The patient selection criteria included Type II
diabetic patients with levels of glycosylated hemoglobin
{Hba,.) up to 13%, and, a correlation between AC137-induced
reduction in postprandial hyperglycemia and entry BbA, .
levels was determined. Reduction in postprandial hyper-
glycemia was calculated by subtracting glucose zero-hour
AUC(, 5 with AC137 infusion from placebo infusion zero-hour
AUC; 5, - The results are presented in Figure 1 with
patients rank-ordered for Hba,. levels.

The reduction in postprandial hyperglycemia
appeared to increase with Hba,. levels in non-insulin-
treated patients. The correlation (r?) was 0.56 in this
subgroup of patients, 0.10 in insulin-treated patients,
and 0.33 for all patients combined.

In order to further evaluate the relationship of
the reduction in postprandial hyperglycemia to Hba,
levels, glucose zero-hour AUC ., zero-hour Cp,, AUC .,
and G, following a Sustacal® test meal were evaluated in
insulin-treated and non-insulin-treated patients with Hba,,

levels > 8% and < B%.
For patients with HbA,, levels > 8%, the zero-hour

AUC(,5y and zero-hour C,, for plasma glucose in insulin-
treated and non-insulin-treated patients following a
Sustacal® test meal are summarized in Table 4.
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TABLE 4. _Zero-Hour AUC,;.;, and Zero-Hour Cp,, Follow:l.ng
a Sustacal® Test MEal- Plasma Glucose in

Patlents Wwith HhA1c Levels 2 8%

- subgroup/ . Ac137' ' '-Plaéebo-

. Parameter - . (Mean * SEM)  (Mean * SEM) p-Value®
Insulin- Treate.d'
Pat:.ents N—9
AUC ;s (mg- h/dl) . 63.1 % 69,4ﬁ. 314 8 £ 67.3 -0.0080
Crex (Mg/dl) . 48.8 % 19.4 127. 1 * 21.4 10.0055
Non-Insulin-Treated
_Patlents N—S _ o
AUCu_s, (mg h/dl) -7.9 % 32.8 189 8 + 41.2 0.0323
mlx(m.g/dl) _ 20 6 + 12 0 79 4 + 11. 2 0.0238
2 p-value for two—per:.od ‘crossover ANOVA NS = Not
significant.
' For patients with HbAa_ levels > 8%, the AUC.,

and Cm,, for plasma glucose -in insulin-treated and non-
insulin-treated patients follow:.ng a Sustacal® test meal

are summarized in Table 5.
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TABLE 5. AUC,,;, and C,, Following a Sustacal® Test
Meal: Plasma Glucose in Patients With Hba,_
Levels > 8% :

Subgroup/ AC137 Placebo

Parameter . (Mean * SEM) {(Mean + SEM) p-~-Value®
Insulin-Treated

Patients (N=9)

AUC,, sy {(mg-h/dl) 747.9 + 68.6 987.7 £ 75.4 0.0337
Chax {(mg/dl) 220.0 £ 18.6 295.3 + 23.6 0.0153

Non-Insulin-Treated
Patients (N=5)

AUC, 5 {mg-h/dl) 871.4 + 49.8 1033.8 % 34.3 0.0369

Crrax (Mg /A1) 240.4 + 16.4 290.4 + 11.4 0.0362
& P-value for two-period crossover ANOVA. NS = Not
significant. ’

For both insulin-treated and non-insulin-treated
patients with HbA,. levels > 8%, glucose zero-hour AUC, .,
zero-hour Cp,,, AUC,;, and C,, were statistically signifi-
cantly lower when patients received AC137 compared to when
patients received placebo. The differences for non-
insulin-treated patients with HbA,, levels > 8% were
statistically significant and were greater than those for
all non-insulin-treated patients regardless of Hba, level.

For patients with HbA,. levels < 8%, the zero-hour
AUC, .5, and zero~-hour C,, for plasma glucose in insulin-
treated and non-insulin-treated patients following a
Sustacal® test meal are summarized in Table 6.
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"TABLE 6. . Zero-Hour AUC,; and Zero-Hour C,,, Follow:.ng
. _ ~a Sustacal® Test Meal: Plasma Glucose in
Patients With HbAm Levels < 8%
5
Subgroup/.- - AC137 - “  Placebo- -
Parameter _ (Mean "+ SEM) (Mean + SEM) = p-Value®

Insulin-Treated
10 PRatients (N=3

| AUC,. (mg-h/dl) 15.5 + 30.4 193.1 & 14.4  0.0324
Coxlmg/dl) . 21.7 + 10.8  91.0  20.6 NS
Non-Insulin-Treated
Patients (N=7)
15 AUC, s, (mg-h/dl) 96.9 + 32.8  77.6 + 29.0 NS
Cpx(mg/dl)  ~  54.0 + 13:4 58.0 + 9.8 NS

. Two-peripd,éroSSOveruANOVA}'”RS,= th'significant.

20 _ For pat:l.ents with Hbm, levels < 8% the AUC(H.,, and
Crax for plasma glucose in :Lnsul:l.n-treated and non-insulin-
treated pat:.ents follow:Lng a Sustacal® test meal are
summar:.zed in Table 7. '
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TABLE 7. AUC.sy and C,, Folléwing a Sustacal® Test
Meal: Plasma Glucose in Patients With Hba,,
Levels < 8%

Subgroup/ AC137 .- Placebo
Parameter ~ (Mean % SEM) {Mean + SEM) p-vValue®

Insulin-Treated

Patients (N=3)

AUC, , (mg-h/dl)  700.8 : 84.2 975.8  179.7 NS
Coax (mg /A1) 193.0 £ 22.1 286.7 + 61.9 NS

Non-Insulin-Treated

Patients (N=7)

AUC s, (mg-h/dl) 545.5 + 61.9 527.3 + 41.8 NS
Cpex (Mg /d1) 166.1 + 20.3 170.4 * 13.9 NS

® Two-period crossover ANOVA. NS ='|Not significant.

For insulin-treated patients with Hba, levels <
8%, only glucose zero-hour AUC(,‘;S, was statistically
significantly lower when patients :fé_ceived AC137 compared
to when patients received placebo, ﬁithough the differenc-
es for glucose zero-hour Cp, AUC(.5, and Cgy may be
clinically beneficial. For all insulin-treated patients
regardless of Hba,, level, glucose zero-hour AUC,;, zZero-
hour Cg,. AUC.. ., and C,, were statistically significantly
lower when patients received Adi.!37 compared to when
patients received placebo. For non-insulin-treated
patients with Hba;, levels < 8%, glucose zero-hour AUC|, g,
zero-hour Cg,, AUC(,, and C,,, when patients received AC137
compared to when patients received placebo were not
significantly different.

Thus, administration of an amylin agonist benefi-
cially decreases blood glucose concentrations in patients
with Type II diabetes even when such patients are not
taking insulin, that is, for example, when such patients
have not experienced primary dietary failure, particularly
patients with Type II diabetes who have above-normal HbAlc

wvalues.
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WHAT IS CLAIMED IS:

_ 1. 2 method for the treatment of a non-insulin-
tak:mg Type IT diabetic subj ect comprising’ adm:.n:.ster:.ng
to- said: subject a therapeutlcally effective amount of an

5 amylin a_g'on:Lst.

2. A method of lowering blood glucose in a non-
: :|.nsu11n—tak1ng 'I'ype II diabetic subject compr:l.szl.ng admin-
istering to said subject a blood—glucose lower:Lng amount
of an amylin agonist.

10 " 3. A xﬁethod accordiné to claim 1 wherein said
subject has a HbAlc value above about the upper end of the
of range of HbAlc values for normal subjects

4. A method accord:l.ng to cla:.m 2 wherein said
subJ ect has an HbAlc value above about the upper end of
i5 . the range of HbAlc values for normal subjects.

5. A method accordlng t:o claim 1 wherein said
subject: has an HbAlc value of about 8% or above.

6. A method according':to_ claim 2 wherein said
subject has an HbAlc value of a.bo't;t' 8% or above.

20 7. A method according to any""of claims 1-6
wherein said amylin agonist is 25.28.2%pro-h~amylin.

8. A method according to any of claims 1-6
where:.n said amyl:.n agonist is s- calc:.ton:.n

9. A method according to any of claims 1-6
25 wherein said amylin agonist is h-amylin.

10 A method according to claim 1 wherein said
amylin agonist is administered intramuscularly or subcuta-
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11. A method according to claim 2 wherein said
amylin agonist is administered intramuscularly or subcuta-

32

neously.

neously.

12. - A method according to claim 7 wherein said
amylin agonist ;s administered intramuscularly or.subcuta-
neously.



