
GIP ANALOG AND HYBRID POLYPEPTIDES WITH SELECTABLE
PROPERTIES RELATED APPLICATIONS [0001] The present
application claims priority to commonly-owned and
pending United States provisional applications: U.S.
Provisional Application No. 60/652,662 filed February
11, 2005; U.S. Provisional Application No. 60/653,433
filed February 15, 2005; U.S. Provisional Application
No. 60/651,647 filed February 11, 2005; U.S.
Provisional Application No. 60/707,244 filed August
11, 2005; U.S. Provisional Application No. 60/707,369
filed August 11, 2005; U.S. Provisional Application
No. 60/709,320 filed August 17, 2005; and U.S.
Provisional Application No. 60/709,316 filed August
17, 2005, each of which are hereby incorporated by
reference in their entirety. The present application
hereby incorporates by reference in their entirety
commonly-owned: PCT/US05/04178 filed February 11, 2005
and published as WO2005/077072; PCT/US2005/004351
filed February 11, 2005; PCT/US2005/004631 filed
February 11, 2005; PCT/US2005/045471 filed December
15, 2005; U.S. Patent Application No. . 11/055,093;
U.S. Patent Application No. 11/201664 filed August 10,
2005; and USSN 206,903 filed August 17, 2005. The
applications teach compounds and uses related to and
useful for the present invention. FIELD OF THE
INVENTION [0002] The present invention relates to
peptide chemistry and pharmaceuticals, and more
particularly to novel gastric inhibitory peptide
("GIP") analog and GlP-containing hybrid polypeptides
with selectable properties. It further relates to the
use of these and other GIP compounds either alone or
in adjunct with other compounds such as glucagon-like
peptide 1 ("GLPl"), exendin-4, or amylin polypeptides,
to treat metabolic disorders and conditions.
BACKGROUND OF THE INVENTION [0003] Incretin peptides
are hormones and peptide mimetics that cause an
increase in the amount of insulin released when
glucose levels are normal or particularly when they
are elevated. These incretin peptides have other
actions beyond the initial incretin action defined by
insulin secretion. For instance, they may also have
actions to reduce glucagon production and delay
gastric emptying. In addition, they may have actions
to improve insulin sensitivity, and they may increase
islet cell neogenesis -the formation of new islets.
[0004] The concept of the incretin effect developed
from the observation that insulin responses to oral
glucose exceeded those measured after intravenous
administration of equivalent amounts of glucose. It
was concluded that gut-derived factors, or incretins,
influenced postprandial insulin release. Nutrient
entry into the stomach and proximal gastrointestinal
tract causes release of incretin hormones, which then
stimulate insulin secretion. This insulinotropism, or
ability to stimulate insulin secretion, can
bequantified by comparing insulin or C-peptide
responses to oral vs. intravenous glucose loads. In
this way, it has been shown that the incretin effect
is responsible for about 50% to 70% of the insulin
response to oral glucose in healthy individuals.
[0005] Although many postprandial hormones have
incretin-like activity, predominant incretin peptides
include glucose-dependent insulinotropic polypeptide,
also known as gastric inhibitory polypeptide (GIP),
glucagon-like peptide-1 (GLP-I), and exendin peptides
(which are non-endogenous incretin mimetics). GIP and
GLP-I both belong to the glucagon peptide superfamily
and thus share amino acid sequence homology. GIP and
GLP-I are secreted by specialized cells in the
gastrointestinal tract and have receptors located on
islet cells as well as other tissues. As incretins,
both are secreted from the intestine in response to
ingestion of nutrients, which results in enhanced
insulin secretion. The insulinotropic effect of GIP
and GLP-I is dependent on elevations in ambient
glucose. Both are rapidly inactivated by the
ubiquitous enzyme dipeptidyl peptidase IV (DPP-IV).
[0006] Native human GIP is a single 42-amino acid
peptide synthesized in and secreted by specialized
enteroendocrihe K-cells. These cells are concentrated
primarily in the duodenum and proximal jejunum,
although they also can be found throughout the
intestine. The main stimulant for GIP secretion is
ingestion of carbohydrate- and lipid-rich meals.
Following ingestion, circulating plasma GIP levels
increase 10- to 20-fold. The half-life of intact GIP
is estimated to be approximately 7.3 minutes in
healthy subjects and 5.2 minutes in diabetic subjects.
[0007] The physiologic effects of GIP have been
elucidated using GIP receptor antagonists, GIP peptide
antagonists, and GIP receptor knockout mice, in
addition to GIP infusion protocols. Blocking GIP
binding to its receptor results in attenuated
glucose-dependent insulin secretion following oral
glucose load in rats and mice. Similarly,
administration of GIP antagonists or GIP antisera
markedly reduces the postprandial insulin release in
rats. GIP receptor knockout mice demonstrate normal
fasting glucose levels but mild glucose intolerance
following oral glucose loads. Interestingly, they also
exhibit resistance to diet-induced obesity following
months of high-fat feeding. Additionally, in the
leptin-deficient ob/ob mouse, the GIP receptor
knockout genotype appears to decrease the extent of
obesity that develops. [0008] GIP infusion has
consistently demonstrated stimulation of insulin
secretion in isolated rat islets, isolated perfused
rat pancreas, dogs, and humans. During stepwise
euglycemic, mild hyperglycemic (54 mg/dL above basal),
and moderate hyperglycemic (143 mg/dL above basal)
clamps, it has been demonstrated that GIP infusion
results in insulin secretion only in the presence of
elevated glucose concentrations. Furthermore, it has
been demonstrated that GIP is not glucagonotropic in
normal humans during either euglycemic or
hyperglycemic conditions. Thus, the effect of
endogenously released GIP appears to be an important
mechanism of postprandial insulin secretion and does
not appear to play a role in the fasting state.[0009]
GIP has many non-incretin effects as well. Unlike
other insulin secretagogues, GIP stimulates beta-cell
proliferation and cell survival in INS-I islet
cell-line studies. Furthermore, animal studies have
suggested a role for GIP in lipid metabolism by
stimulating lipoprotein lipase activity, inducing
fatty acid incorporation into adipose tissue and
stimulating fatty acid synthesis. However, in humans,
there is no clear evidence for an effect of GIP on
lipid metabolism. GIP also appears to stimulate
glucagon secretion from the isolated perfused rat
pancreas, although human studies have not demonstrated
any significant influence on glucagon secretion.
Furthermore, unlike GLP-I, GIP appears to act by
accelerating emptying of the stomach rather than by
inhibiting gastrointestinal motility. [0010] The
GIP-receptor, a member of the G-protein-coupled
receptor family has a high specificity for GIP and
does not bind other peptides of the glucagon family.
For this reason, GLP-1/GIP chimeric peptides show
nearly no affinity for the GIP-receptor. From such
studies it has been concluded that the GIP(l-30)
sequence of the GIP(l-42) is sufficient for
recognizing the receptor. GIP(6-30)-amide contains the
high affinity binding region of GIP(I -42) but
exhibits antagonist activity. 



[0011] Despite potent glucoregulatory actions through
glucose-dependant stimulation of insulin secretion,
the insulinotropic effect of GIP is significantly
reduced in diabetic subjects compared to normal
individuals (16-18). Consequently, clinical use of GIP
has not been significantly advanced. Further, there
remains a need to develop additional diabetic
treatment modalities as well as treatments for
metabolic diseases, conditions, and disorders.
Accordingly, it is an object of the present invention
to provide GIP analog and GIP-containing hybrid
polypeptides and methods for their use to treat or
prevent metabolic diseases, conditions, and disorders.
[0012] AU documents referred to herein are
incorporated by reference into the present application
as though fully set forth herein. SUMMARY OF THE
INVENTION [0013] Provided are methods for treating or
preventing metabolic diseases and disorders including
those which can be alleviated by control of plasma
glucose levels, insulin levels, and/or insulin
secretion, such as diabetes and diabetes-related
conditions, and conditions and disorders including,
but not limited to, hypertension, dyslipidemia,
cardiovascular disease, eating disorders,
insulin-resistance, obesity, and diabetes mellitus of
any kind, including type 1, type 2, and gestational
diabetes. The methods comprise administering a
therapeutically or prophylactically effective amount
of a GIP or GIP analog, fragment or derivative
thereof, or a GIP hybrid or derivatives thereof as
described herein, alone (monotherapy) or in
combination with another agent or therapy (adjunct
therapy), for example a glucose lowering agent (e.g.,
antidiabetic) or agents or methods that inhibit or
reduce gastric emptying (examples of such agents are
presented herein), to a subject in need thereof. By
providing a GIP bioactivity as part of a GIP hybrid
having one or more other hormonal bio-activities,
e.g., pramlintide, exendin, BNP, compounds with one or
more selectable functions will have the additional
benefit of a property of a GIP bio-activity such as
lowering plasma glucose, increasing insulin secretion,
without the side effects associated with otherincretin
molecules. For example, a GIP-sCT hybrid compound of
the invention can have a selectable property of a
salmon calcitonin, such as decreasing bone loss and
bone resorption or reducing cartilage turnover
(chondroprotection), and a property of a GIP, such as
plasma glucose lowering (concomitant with an
anti-catabolic aspect as described herein) and/or
inhibiting bone resorption and maintaining or
increasing bone density. A GIP hybrid with such
selectable properties can enhance treatment of
osteoporosis or conditions of high cartilage turnover,
particularly in those who can also benefit from
glycemic control, such as subjects with diabetes or
under going critical care. [0014] In one embodiment
are provided novel GIP analogs having one or more
enhanced properties. The GIP analogs have increased
resistance to DPP-IV or to other proteases, such as
those found in human plasma and/or on kidney brush
border membranes, which increases in vivo half-life.
In a further embodiment the GIP analogs have at least
one substitution, modification, insertion or deletion
in amino acids 4-30. These changes can provide
enhanced properties such as increased GIP receptor
binding, increased receptor selectivity, and/or
increased resistance to degradation by chemical and/or
proteolytic means. In another embodiment the GIP
analog further has least 50% sequence identity to
native GIP(I- 30), native GIP(1-14), native GIP(19-30)
or native GIP(l-42) over the entire length of each
molecule, and at least one biological property of a
GIP. In certain embodiments, novel GIP analog
polypeptides include unnatural amino acids, such as a
D amino acid. In a further embodiment a GIP analog or
hybrid is modified to have reduced renal clearance,
such as by fatty acyl derivitization. [0015] In
another embodiment are provided novel GIP-containing
hybrid polypeptides with selectable properties. The
hybrid polypeptides exhibit at least one hormonal
activity. In one embodiment the GIPhybrid polypeptides
comprise at least two biologically active
("bio-active") peptide hormone modules covalently
linked together, wherein at least one of the
bio-active peptide hormone modules comprises a GIP
polypeptide. The other bio-active peptide hormone
module can be: (a) a native component peptide hormone,
(b) an analog or derivative of a native component
peptide hormone that retains hormonal activity, (c) a
fragment of a native component peptide hormone that
retains hormonal activity, (d) a fragment of analogs
or derivatives of a native component peptide hormone
that retains hormonal activity, (e) a structural motif
of a native component peptide hormone that imparts a
desired chemical stability, conformational stability,
metabolic stability, bioavailability, organ/tissue
targeting, receptor interaction, protease inhibition,
plasma protein binding, and/or other pharmacokinetic
characteristic to the hybrid polypeptide; or (f) a
structural motif of analogs or derivatives of a native
component peptide hormone that imparts a desired
chemical stability, conformational stability,
metabolic stability, bioavailability, organ/tissue
targeting, receptor interaction, protease inhibition,
plasma protein binding, and/or other pharmacokinetic
characteristic to the hybrid polypeptide. The
structural motifs of (e) and (f) will collectively be
referred to herein as "peptidic enhancers". An example
of a peptidic enhancer is a Trp cage sequence,
particularly one derived from exendin-4.[0016] In a
further embodiment a GIP-hybrid polypeptide comprises
at least two bio-active peptide hormone modules
covalently linked together, wherein at least one of
the bio-active peptide hormone modules is comprised of
a GIP polypeptide, and the second exhibits at least
one hormonal activity of a component peptide hormone.
The bio-active peptide hormone modules are
independently selected from: component peptide
hormones, fragments of component peptide hormones that
exhibit at least one hormonal activity of the
component peptide hormones, analogs and derivatives of
component peptide hormones that exhibit at least one
hormonal activity of the component peptide hormones,
and fragments of analogs and derivatives of component
peptide hormones that exhibit at least one hormonal
activity of the component peptide hormones. [0017] In
one embodiment the GIP-hybrid polypeptides comprise a
novel GIP analog polypeptide of the invention
covalently linked to at least one additional
bio-active peptide hormone module. In a further
embodiment the bio-active peptide hormone module is a
peptidic enhancer. In one embodiment the GIP hybrid
polypeptide of the invention will exhibit at least 50%
sequence identity to a native GIP(I -30), native GIP(I
-14), native GIP(19-30) or native GIP(l-42) over the
entire length of the GIP portion. In certain
embodiments the GIP portion can comprise a novel GIP
analog further comprising a peptidic enhancer, such as
a tip-cage motif. Accordingly, a GIP hybrid can
comprise a GIP portion that is a GIP analog, fragment
or derivative thereof with a peptidic enhancer, such
as a trp-cage motif, and having enhanced properties,
that is linked covalently to an additional bio-active
peptide hormone module, such as another hormone or
growth factor or fragment thereof. [0018] Component
peptide hormones for use in a GIP-hybrid polypeptide
include: amylin, adrenomedullin (ADM), calcitonin
(CT), calcitonin gene related peptide (CGRP),
intermedin, cholecystokinin ("CCK"), leptin, peptide
YY (PYY), glucagon-like peptide-1 (GLP-I),
glucagon-like 



peptide 2 (GLP-2), oxyntomoduliri (OXM), natriuretic
peptides (e.g. ANP, BNP, CNP or urodilatin), urocortin
family peptide, e.g., Ucn-2 and Ucn-3, neuromedin
family peptide, e.g. neuromedin U25 or splice
variants, exendin-3 and exendin-4. [0019] In other GIP
hybrid embodiments the GIP portion is combined with a
gastrin /CCK receptor ligand; an amylin receptor
ligand; a calcitonin receptor ligand; a CGRP receptor
ligand, a PYY receptor ligand, an EGF receptor ligand;
a Glucagon-like peptide 1 receptor ligand; a
Glucagon-like peptide 2 receptor ligand; a gastric
inhibitory polypeptide (GIP) receptor ligand; a
keratinocyte growth factor (KGF) receptor 1 ligand; a
dipeptidyl peptidase IV inhibitor; a REG protein
receptor ligand; a Growth Hormone receptor ligand; a
Prolactin (PRL) receptor ligand; an Insulin-like
Growth Factor (IGF) receptor ligand; PTH-related
protein (PTHrP) receptor ligand; hepatocyte growth
factor (HGF) receptor ligand; a bonemorphogenetic
protein (BMP) receptor ligand, a transforming growth
factor (TGF receptor ligand; a laminin receptor
ligand; a vasoactive intestinal peptide (VIP) receptor
ligand; a fibroblast growth factor (FGF) receptor
ligand; a nerve growth factor (NGF) receptor ligand;
an islet neogenesis associated protein (INGAP)
receptor ligand; an Activin-A receptor ligand; a
vascular endothelial growth factor (VEGF) receptor
ligand; an erythropoietin (EPO) receptor ligand; a
pituitary adenylate cyclase activating polypeptide
(PACAP) receptor ligand; a granulocyte colony
stimulating factor (G-CSF) receptor ligand; a
granulocyte- macrophage colony stimulating factor
(GM-CSF); a platelet-derived growth factor (PDGF)
receptor ligand, a cannabinoid CBl receptor
antagonist, and a secretin receptor ligand. [0020] In
one embodiment desirable GIP hybrid polypeptides
include an N-terminal GIP or novel GIP analog fragment
in combination with a C-terminal polypeptide or
fragment thereof having a glucose lowering activity
(e.g., antidiabetics, exendin) or the ability to
inhibit or reduce gastric emptying. Such desirable GIP
hybrids include an N-terminal GIP fragment or novel
GIP analog or derivative fragment in combination with
a C-terminal exendin, GLPl, symlin (pramlintide),
amylin, CCK, gastrin, PYY, secretin, GRP, neuromedins,
urocortin, calcitonin, or salmon calcitonin, a
natriuretic peptide (e.g., ANP, BNP, CNP, urodilatin)
or analog (e.g. amylin-sCT-amylin chimera), derivative
or fragment thereof. In other embodiments desirable
GIP hybrids include a C-terminal GIP or novel GIP
analog fragment in combination with an N-terminal
polypeptide or fragment thereof having a glucose
lowering activity (e.g., antidiabetics, exendin) or
the ability to inhibit or reduce gastric emptying. In
such embodiments, the chimeric polypeptides can
include a C-terminal GIP, a novel GIP analog, or
fragment thereof, in combination with a N-terminal
exendin, GLPl, symlin (pramlintide), amylin, CCK,
gastrin, PYY, secretin, GRP, neuromedins, urocortin,
calcitonin, or salmon calcitonin, a natriuretic
peptide or analog, derivative or fragment thereof.
[0021] In other embodiments the peptidic enhancer is a
tail or terminal extension derived from a second
hormone, such as exendin, human GLP-I, or frog GLP-I,
or is empirically determined. In one embodiment the
peptidic enhancer is a heterologous C-terminal tail or
terminal extension to the GIP portion. As with the
other GIP hybrids described herein, in one embodiment
of the peptidic-enhancer containing hybrid, the GIP
portion can be native GIP, an active fragment
thererof, or their analogs or derivatives. In another
aspect the GIP portion of the hybrid comprises at
least one modification, substitution, deletion or
addition that provides one or more enhanced
properties, e.g. increased resistance to proteolytic
digestion (thus prolonging half-life), fatty acyl
derivitization that reduces renal clearance. In one
embodiment the tail comprises a Tip-cage motif
sequence. In another embodiment the GIP analog
polypeptide portion includes unnatural amino acids,
such as a D amino acid, e.g. that inhibits to reduces
the rate of proteolysis by DPP-IV.[0022] The present
invention also provides for the treatment and
prevention of metabolic diseases and disorders,
particularly those which can be alleviated by control
of plasma glucose levels, insulin levels, and/or
insulin secretion, such as diabetes and
diabetes-related conditions. Such conditions and
disorders include, but are not limited to,
hypertension, dyslipidemia, cardiovascular disease,
eating disorders, insulin-resistance, obesity, and
diabetes mellitus of any kind, including type 1, type
2, and gestational diabetes, diabetes complications
(e.g. neuropathy (treating with a GIP hybrid
containing an exendin family hormone module for
example), neuropathic pain (treating with GIP hybrids
comprising an amylin family hormone module for
example), retinopathy, nephropathy, conditions of
insufficient pancreatic beta cell mass (based on,
e.g., islet neogenesis actions of exendin-4 and
GLP-I). Accordingly, provided are methods for treating
or preventing such conditions, wherein the method
comprises administering a therapeutically or
prophylactically effective amount of a GIP or an
analog or derivative thereof, including a novel GIP
analog of the invention, or a GIP-hybrid of the
invention, including one having a peptidic enhancer,
to a subject in need thereof. In one embodiment the
polypeptides of the invention can be provided as
monotherapy. In another embodiment for treating
diabetes or conditions associated with elevated
glucose levels, the GIP compound can be administered
in adjunct therapy with a glucose lowering agents
(e.g., antidiabetics) or agents or methods that
inhibit or reduce gastric emptying. Examples of such
agents are presented herein. For example, in one
embodiment is provided an adjunct therapy method for
reducing blood glucose levels of a subject, e.g., one
having type 1, type 2 or gestational diabetes
mellitus, comprising administering to the subject a
therapeutically effective amount of an exendin or an
exendin agonist, such as wherein said exendin agonist
is a peptide, in adjunct therapy with a GIP or novel
GIP analog of the invention, or an effective amount of
a GIP-exendin hybrid. [0023] Compounds of the
invention, alone or in combination with a glucose
lowering agent (e.g., antidiabetics) or with agents or
methods that inhibit or reduce gastric emptying, can
also be useful for potentiating, inducing, enhancing
or restoring glucose responsivity in pancreatic islets
or cells. These actions may also be used to treat or
prevent conditions associated with metabolic disorders
such as those described above and in U.S. Patent
Application No. US20040228846, incorporated herein by
reference in its entirety. [0024] hi another aspect
methods for treating or preventing obesity are
provided, wherein the method comprises administering a
therapeutically or prophylactically effective amount
of a GIP or an analog or derivative thereof, including
a novel GIP analog of the invention, or a GIP-hybrid
of the invention, including those having a peptidic
enhancer, to a subject in need thereof. In one
embodiment, the subject is an obese or overweight
subject. While "obesity" is generally defined as a
body mass index over 30, for purposes of this
disclosure, any subject, including those with a body
mass index of less than 30, who needs or wishes to
reduce body weight is included in the scope of
"obese." Subjects who are insulin resistant, glucose
intolerant, or have any form of diabetes mellitus
(e.g., type 1, 2 or gestational diabetes)can benefit
from this method. Compounds of the invention can also
be useful in treating or preventing other conditions
associated with obesity including stroke, cancer
{e.g.,. endometrial, breast, prostate, and colon
cancer), gallbladder disease, sleep apnea, reduced
fertility, and osteoarthritis, (see Lyznicki et al, 



Am. Fam. Phys. 63:2185, 2001). Where conditions are
associated with elevated glucose or hyperglycemia, the
method comprises administering a therapeutically or
prophylactically effective amount of a GIP compound,
alone or in combination with a glucose lowering agent
(e.g., antidiabetic) or agent or method that inhibits
or reduces gastric emptying. [0025] In yet another
aspect, GIP compounds, particularly GIP hybrids of the
invention, can be used in methods of reducing food
intake, reducing appetite, inducing satiety, reducing
nutrient availability, reducing caloric efficiency,
causing weight loss, affecting body composition,
altering body energy content or energy expenditure,
and improving lipid profile (including reducing LDL
cholesterol and triglyceride levels and/or changing
HDL cholesterol levels) wherein the methods comprise
administering to a subject an effective amount of a
GIP compound, particularly a GIP hybrid compound, of
the invention. In one embodiment, the methods of the
invention are used to treat or prevent conditions or
disorders which can be alleviated by reducing nutrient
availability in a subject in need thereof, comprising
administering to said subject a therapeutically or
prophylactically effective amount of a GIP compound of
the invention. Conditions and disorders include, but
are not limited to, hypertension, dyslipidemia,
cardiovascular disease, eating disorders,
insulin-resistance, obesity, and diabetes mellitus of
any kind, including type 1, type 2, and gestational
diabetes, diabetes complications (neuropathy (based
on, e.g., neurotrophic actions of exendin-4),
neuropathic pain (based on, e.g., amylin action),
retinopathy, nephropathy, conditions of insufficient
pancreatic beta cell mass (based on, e.g., islet
neogenesis actions of exendin-4 and GLP-I). Where
conditions are associated with elevated glucose or
hyperglycemia, the method comprises administering a
therapeutically or prophylactically effective amount
of a GIP compound, alone or in combination with a
glucose lowering agent (e.g., antidiabetic) or agent
or method that inhibits or reduces gastric emptying.
[0026] In addition to the amelioration of hypertension
in subjects in need thereof as a result of reduced
food intake, weight loss, and/or treating obesity,
compounds of the invention may be used to treat or
prevent hypotension and conditions associated
therewith. [0027] In another aspect GIP analogs and
hybrids are useful for decreasing or inhibiting bone
resorption and maintaining or increasing bone density.
When combined with an appropriate second hormonal
module, GIP hybrids are useful to treat these
conditions as well as decreasing plasma calcium,
and/or inducing an analgesic effect, particularly to
treat bone disorders such as osteopenia and
osteoporosis, and treating painful neuropathy. In one
embodiment such hybrids contain an exendin, GLPl,
amylin and/orsCT portion. For example, a GIP-sCT or
GIP-amylin/sCT hybrid compound of the invention can
have a selectable property of a salmon calcitonin or
amylin/sCT/Amylin chimera, such as decreasing bone
loss and bone resorption or reducing cartilage
turnover (chondroprotection), and a property of a GIP,
such as plasma glucose lowering (concomitant with an
anabolic aspect as described herein) and/or inhibiting
bone resorption and maintaining or increasing bone
density. A GIP hybrid with such selectable properties
can enhance treatment of osteoporosis or conditions of
high cartilage turnover, particularly in those who can
also benefit from glycemic control, such as subjects
with diabetes or under going critical care. [0028] GIP
compounds, particularly GIP analogs, extended
half-life GIP hybrids (e.g. DPP-IV cleavage resistant
(such as a D-Ala2, N-Acetyl or N-pyroglutamyl analogs)
optionally further comprising a peptidic enhancer such
as a heterologous C-terminal tail, and GIP hybrids
comprising other hormone modules known to provide
beneficial cardiovascular effects, are useful to treat
cardiovascular disease and related conditions. As
demonstrated herein GIP compounds increase cardiac
contractility (dp/dt), decrease blood pressure (for
example by acute vasodilatation), decrease systolic
pressure, decrease diastolic pressure, and can provide
a direct beneficial action on cardiac cells. GIP
compounds also improve cardiac function via metabolic
actions, e.g. glucose lowering, insulin secretion,
beta cell proliferation. However, by also providing
direct effects on cardiovascular system, the GIP
compounds are surprisingly even more beneficial.
[0029] Compounds of the invention can also be useful
in the treatment or prevention of any number of
gastrointestinal disorders that are associated with
excess gastric secretion, excess intestinal
electrolytes and water secretion as well as decreased
absorption, e.g., infectious (e.g., viral or
bacterial) diarrhea, inflammatory diarrhea, short
bowel syndrome, or the diarrhea which typically occurs
following surgical procedure, e.g., ileostomy (see
e.g., Harrison's principles of Internal Medicine,
McGraw Hill Inc., New York, 12th ed.). Examples of
infectious diarrhea include, without limitation, acute
viral diarrhea, acute bacterial diarrhea (e.g.,
salmonella, Campylobacter, and Clostridium) or
diarrhea due to protozoal infections, or travellers'
diarrhea (e.g., Norwalk virus or rotavirus). Examples
of inflammatory diarrhea include, without limitation,
malabsorption syndrome, tropical spue, chronic
pancreatitis, Crohn's disease, diarrhea, and irritable
bowel syndrome. GIP and GIP compounds of the invention
can be used to treat or prevent an emergency or
life-threatening situation involving a
gastrointestinal disorder, e.g., after surgery or due
to cholera. Furthermore, the compounds can be used to
treat intestinal dysfunction in patients with Acquired
Immune Deficiency Syndrome (AIDS), especially during
cachexia. The compounds may also be useful for
inhibiting small intestinal fluid and electrolyte
secretion, and augmenting nutrient transport, as well
as increasing cell proliferation in the
gastrointestinal tract, regulating lipolysis in, e.g.,
adipase tissue and regulating blood flow in a mammal.
GIP compounds of the invention may also be useful for
treating or preventing the above conditions by their
gastrointestinal protective activity (e.g., inhibition
of gastric secretion). Accordingly, a GIP compound of
the invention may be used to treat gastrointestinal
ormuscosal damage. Exemplary types of damage include,
but are not limited to, inflammatory bowel disease,
bowel atrophy, conditions characterized by loss of
bowel mucosa or bowel mucosal function, and other
conditions of the gastrointestinal tract, including
those which may be brought about by exposure to
cytotoxic agents, radiation, toxicity, infection
and/or injury. Moreover, these compounds of the
invention may be combined with analgesics,
anti-inflammatory agents, growth hormone, heparin, or
any other therapies that may be used to treat
inflammatory bowel disease or other conditions listed
above. [0030] In another embodiment GIP compounds can
be useful for treating or preventing gastritis,
pancreatitis, Barrett's esophagus, Gastroesophageal
Reflux Disease (GERD) and conditions associated
therewith. Such conditions can include, but are not
limited to, heartburn, heartburn accompanied by
regurgitation of gastric/intestinal contents into the
mouth or the lungs, difficulty in swallowing,
coughing, intermittent wheezing and vocal cord
inflammation (conditions associated with GERD),
esophageal erosion, esophageal ulcer, esophageal
stricture, Barrett's metaplasia (replacement of normal
esophageal epithelium with abnormal epithelium), and
pulmonary aspiration. GIP compounds can have anti
secretory properties, such as inhibition of gastric
acids, inhibition of bile acids, and inhibition of
pancreatic enzymes. Moreover, GIP compounds can also
have gastroprotective effects. Accordingly, GIP 



compounds of the invention may be particularly useful
in the treatment or prevention of gastritis,
pancreatitis, Barrett's esophagus, and/or GERD and
related or associated conditions. [0031] The present
invention also relates to pharmaceutical compositions
comprising a therapeutically or prophylactically
effective amount of at least one novel GIP analog or
GIP hybrid polypeptide of the invention, or a
pharmaceutically acceptable salt thereof, together
with pharmaceutically acceptable diluents,
preservatives, solubilizers, emulsifiers, adjuvants
and/or carriers useful in the delivery of the GIP
compound. [0032] These and other aspects of the
invention will be more clearly understood with
reference to the following embodiments and detailed
description. BRIEF DESCRIPTION OF THE DRAWINGS [0033]
Figures IA and IB present views of the exendin-4
Trp-cage. Figure IA shows an NMR-derived ensemble
structure of exendin-4 in 30% aqueous
trifluoroethanol. The Trp-cage can be seen folding
back towards the central region of exendin. Figure IB
shows a CPK view of the "Trp-cage" motif (residues 21-
38) of a representative structure from the
solution-state NMR structure ensemble of
exendin-4.[0034] Figure 2 presents sequences and
receptor binding and glucose lowering (oral glucose
tolerance test (OGTT) in non-diabetic NIH/Swiss mice)
activities of reference sequences and novel GIP analog
sequences of the invention. [0035] Figures 3A and 3B
present suppression of glucose excursion following an
OGTT, and basal glucose lowering activity of GIP and
Compound G in NIH/Swiss mice. In Figure 3A, bars
represent mean  sd, n=6-10. Peptide was injected IP at
t=-5 into overnight-fasted MH/Swiss mice. Gavage
(1.5g/kg) was given at t=0. Sample was taken at t=30
min. Blood glucose was measured with a OneTouch(r)
Ultra(r) (LifeScan, Inc., a Johnson & Johnson Company,
Milpitas, CA) * r<0.05 vs. vehicle control; ANOVA,
Dunnett's test. In Figure 3B, points represent mean
sem, n=8-15. Peptide was injected IP at t=0
immediately following baseline sample into 2-hour
fasted NIH/Swiss mice. Samples were taken at tF=60,
120, and 180 minutes. Blood glucose was measured with
a OneTouch(r) Ultra(r) (LifeScan, Inc., a Johnson &
Johnson Company, Milpitas, CA). *p<0.05 vs. vehicle
control; ANOVA, Dunnett's test. Compound No. G is
(D-Ala2)GIP(l -3O)-PSSGAPPPS amide form: sequence
Y(DAla) EGTFISDYSIAMDKIHQQDFVNWLLAQKPSSGAPPPS-NH2.
Compound G has both an Nterminal modification
providing DPP-IV resitance and a C-terminal Trp-cage
shield. [0036] Figure 4 presents a comparison of the
glucose lowering action of Compound G with full length
GIP and exendin-4 in diabetic db/db mice. Points
represent mean  sem. n= 6-10. Peptide was injected IP
at t=0 immediately following baseline sample into
2-hour fasted db/db mice. Samples were taken at 60,
120, and 180 min. Blood glucose was measured with a
OneTouch(r) Ultra(r) (LifeScan, Inc., a Johnson &
Johnson Company, Milpitas, CA) * p<0.05 vs. vehicle
control; ANOVA, Dunnett's test. [0037] Figures 5A-5D
present examples of GIP phybrids comprising GIP and
amylin/calcitonin-like analog peptides. The compounds
would have both GIP activity (e.g., glucose lowering)
and reduction of gastric emptying. [0038] Figure 6
depicts the structures of various chemical groups
mentioned herein. [0039] Figure 7 depicts the
structures of various chemical Fmoc derivatives
mentioned herein. [0040] Figures 8A and 8B depict
glucose lowering effect of novel GIP analogs. The
figures demonstrate that a D-alanine substitution at
position 2 in the analogs herein improves glucose
lowering ability. Points represent mean  sem. Peptide
was injected IP at t=0 immediately following baseline
sample into 2-hour fasted NIH/Swiss mice. Samples were
taken at t=60, 120, 180 and 240 minutes. Blood glucose
was measured with a OneTouch(r) Ultra(r) (LifeScan,
Inc., a Johnson & Johnson Company, Milpitas, CA).
*p<0.05 vs. vehicle control; ANOVA, Dunnett's test.
[0041] Figure 9 depicts glucose lowering effect of
novel GIP analogs, particularly the effect of a
Trpcage. Points represent mean  sem. Peptide was
injected IP at t=0 immediately following baseline
sample into 2-hour fasted NIH/Swiss mice. Samples were
taken at t=60, 120, 180 and 240min. Blood glucose was
measured with a OneTouch(r) Ultra(r) (LifeScan, Inc.,
a Johnson & Johnson Company, Milpitas, CA). *p<0.05
vs. vehicle control; ANOVA, Dunnett's test.[0042]
Figures 1OA and 1OB depict glucose lowering effect of
various analogs. In this example, Ac modification and
a Pro3 substitution did not significantly enhance
glucose lowering ability. Points represent mean  sem.
Peptide was injected IP at t=0 immediately following
baseline sample into 2-hour fasted NIH/Swiss mice.
Samples were taken at t=60, 120, 180 and 240min. Blood
glucose was measured with a OneTouch(r) Ultra(r)
(LifeScan, Inc., a Johnson & Johnson Company,
Milpitas, CA). *p<0.05 vs. vehicle control; ANOVA,
Dunnett's test. [0043] Figure 11 demonstrates superior
protease resistance of an exemplary GIP hybrid,
0601GIP3794 versus a native GIP. [0044] Figures
12A-12AT depict further exemplary analogs and
reference peptides of the invention. It is intended
that the various modifications and variants shown are
to be used in the present invention, and may be
combined as discussed herein. For example, the terms
exendin tail or exendin trp-cage motif includes any of
the exendin tail variants depicted, which are useful
as shield sequences (peptidic enhancers). Of further
interest are the frog GLPl C-terminal extensions as
shown in the figures, which are yet another example of
a shield sequence that can be used in place of an
exendin tail. [0045] Figures 13A and 13B demonstrate
food intake rahibtion and lowering of blood glucose by
GIP hybrids. [0046] Figure 14. Effect of GIP hybrids
in food intake assay. [0047] Figure 15. Effect of GIP
hybrid in food intake assay. [0048] Figures 16A and
16B demonstrate effect of Compound 10 (Fig. 16A) and
sCT (Fig. 16B) in food intake assay. [0049] Figure 17
demonstrates effect of GIP hybrids on lowering of
blood glucose. [0050] Figures 18A and 18B depict cAMP
production in whole cardiomyocytes from receptor
activation in response to varying doses of test
compound, human GIP(I -42) free acid form (Figure 18A)
and GIP hybrid compound G (Figure 18B). [0051] Figures
19A-E depict the response of mean arterial pressure
(Figure 19A), heart rate (Figure 19B), and rate of
change in blood pressure (dP/dt, Figure 19C), systolic
pressure (Figure 19D) and diastolic pressure (Figure
19E) as determined by telemetry in conscious rats to
administration of GIP compounds. Mean arterial
pressure is presented as % of predose values measured
over the 30 minutes prior to drug administration.
Figure 19C reflects the inotropic response to GIP
compounds. The rate of change of blood pressure
(dP/dt) is indicative of cardiac contractility. 



[0052] Figures 2OA, 2OB and 2OC depict the lack an
acute effect of GIP(I -42) and a GIP DPP-IVresistant-
analog/exendin-tail hybrid on food intake in contrast
to exendin-4. The pancreatic hormone amylin produced a
significant effect as expected. [0053] Figure 2 1
depicts the lack of effect on weight loss in
diet-induced obesity mice, in contrast to the effect
of exendin-4.[0054] Figure 22 provides an alignment of
mamalian and non-mammalian GIP. Positions Yl, E3, D9,
SIl, D15, F22, V23, L26, L27 and K32 are conserved
across all species. [0055] Figure 23A and B depict
beneficial activity of a GEP-amylin/sCT/amylin hybrid
in slowing of gastric emptying and reducing
intracellular calcium levels. DETAILED DESCRIPTION OF
THE INVENTION [0056] Gastric inhibitory polypeptide
(GIP) and glucagon-like peptide 1 (GLP-I) are gut
peptide hormones that exert potent glucoregulatory
action through their glucose-dependant stimulation of
insulin secretion. Consequently, these incretin
hormones have attracted great interest as potential
anti-diabetic agents with reduced risk for
hypoglycemia. Whereas GLP-I, GLP-I analogs and
mimetics have been shown to be efficacious in
controlling glucose levels in type 2 diabetic
patients, the insulinotropic effect of GIP is
reportedly significantly reduced in diabetic subjects,
compared to normal individuals (16-18). The
preservation of insulinotropic action of GLP-I but not
of GIP in the same diabetic subjects suggests that GIP
signal transduction is impaired in type 2 diabetes.
Reduced GIP receptor expression in pancreatic beta
cells has been proposed to contribute to overall
reduced incretin effects in diabetic subjects (19).
Despite the reduced insulinotropic response to GIP in
subjects with type 2 diabetes, it is possible that
administration of elevated pharmacological doses of
GIP or analogues could have therapeutic utility. Of
note, GIP lacks the gastrointestinal effects of GLP-I
(20) that has limited the latter peptide's therapeutic
window, thus permitting the possibility of higher
dosing regimens (21). [0057] One of the major hurdles
in the therapeutic development of these incretin
hormones is their short duration of action due to
enzymatic degradation in vivo. The enzyme dipeptidyl
peptidase IV (DPP-IV) plays a key role in the
N-terminal cleavage of the peptides in vivo, and more
recently, neutral endopeptidase 24.11 (NEP) has also
be implicated in their degradation (22-26). Several
studies have reported greater in vivo efficacy of
DPP-IV resistant GIP analogues in rodent diabetic
models (27-28). [0058] Provided herein are novel GIP
analogs and GIP-containing hybrid polypeptides, or
derivatives thereof, which have enhanced or novel
properties, including enhanced DPP-IV resistance, dual
hormonal activity, and improved plasma half-life. Also
provided are methods for treating or preventing
metabolic diseases and disorders including those which
can be alleviated by control of plasma glucose levels,
insulin levels, and/or insulin secretion, such as
diabetes and diabetes-related conditions, and
conditions and disorders including, but not limited
to, hypertension, dyslipidemia, cardiovascular
disease, eating disorders, insulin-resistance,
obesity, and diabetes mellitus of any kind, including
type 1, type 2, and gestational diabetes. The methods
comprise administering a therapeutically or
prophylactically effective amount of a GIP or GIP
analog, fragment or derivative thereof or a novel GIP
analog or GIP hybrid or derivatives thereof as
described herein, alone (monotherapy) or in
combination with another agent or therapy (adjunct
therapy), for example a glucose lowering agent (e.g.,
antidiabetic) or agents or methodsthat inhibit or
reduce gastric emptying (examples of such agents are
presented herein), to a subject in need thereof.
[0059] In addition to novel GIP analogs and
derivatives, the present invention relates to novel,
GIPcontaining selectable hybrid polypeptides useful as
agents for the treatment and prevention of metabolic
diseases and disorders which can be alleviated by
control of plasma glucose levels, insulin levels,
and/or insulin secretion, such as diabetes and
diabetes-related conditions. Such conditions and
disorders include, but are not limited to,
hypertension, dyslipidemia, cardiovascular disease,
eating disorders, insulinresistance, obesity, and
diabetes mellitus of any kind, including type 1, type
2, and gestational diabetes. [0060] In one aspect, the
invention involves the modular assembly of
physiologically, metabolically, and/or
pharmacokinetically active peptidic modules that may
be selectable based on "bio-activities", e.g.,
therapeutic efficacy, scope of function, duration of
action, physicochemical properties, and/or other
pharmacokinetic properties. [0061] Without intending
to be limited by theory, the present invention relates
at least in part to a "toolbox" approach, wherein
bio-active peptide hormone modules are linked in
binary, tertiary or higher order combinations to
create novel, efficacious therapeutic agents with
selectable properties. The "bioactive peptide hormone
modules" may be peptide hormones, peptide fragments
with hormonal activity, or structural motifs of
peptide hormones that impart chemical, metabolic,
and/or other pharmacokinetic stability. The peptide
hormones can include native peptide hormones, as well
as peptide hormone analogs and derivatives, as known
in the art and described herein. [0062] In one aspect
of the invention, it has been found mat the
combination of certain physicochemical characteristics
of two or more peptide hormones into a single modality
can facilitate intervention at several points in a
dysfunctional metabolic circuit. As such, in one
aspect of the invention, rationallydesigned hybrid
polypeptides are provided that integrate selectable
bio-activities into a single polypeptide agent. In one
embodiment, the selectable hybrid polypeptides of the
invention may involve the use of chemically stable
linkers to covalently attach the bio-active modules hi
another embodiment, the selectable hybrid polypeptides
of the invention may involve the use of cleavable
linkers, which themselves may be or form part of a
bio-active module. [0063] Again, without intending to
be limited by theory, design of the hybrid
polypeptides of the present invention may generally
involve: (1) the identification, selection and pairing
of bio-active peptide hormone modules for desired
efficacy and therapeutic use, and (2) the covalent
linking of the bio-active modules (e.g. native peptide
hormones, peptide hormone analogs or derivatives with
hormonal activity, peptide hormone fragments with
hormonal activity, stabilizing motifs, etc.) either
directly or via a linker without loss of bio-activity
of the component modules, m certain embodiments,
module selection criteriamay include, but not be
limited to: (a) desired in vivo efficacy for desired
therapeutic or prophylactic indication, such as an
additive or a synergistic effect; (b) optional
synergism or dual action of the linked modules for
multiple therapeutic or prophylactic indications;
and/or (c) a desired chemical stability,
conformational stability, metabolic stability,
bioavailability, organ/tissue targeting, receptor
interaction, protease inhibition, plasma protein
binding, and/or other pharmacokinetic characteristic.
[0064] GIP, GIP Analogs and Novel GIP Analogs . (The
section headings are used herein for organizational
purposes only, and are not to be construed as in any
way limiting the subject matter described.) Reference
sequences include human GIP, truncated GP, human
GLP-I, exendin-4, an exemplary Trp-cage, and exemplary
"shield" sequences (e.g.a short and a long
"exendintail"): 



[0065] Useful in the therapies disclosed herein and in
the novel GIP hybrids disclosed herein, are native GIP
peptide hormones, and functional peptide analogs and
derivatives-thereof. Certain exemplary native
peptides, peptide analogs and derivatives are
described herein, however it should be recognized that
any known GIP peptide that exhibits hormonal activity
known in the art may be used either as a component of
a novel GIP analog or hybrid herein or in the novel
adjunct therapies disclosed herein. In one embodiment,
the GIP peptide analogs and derivatives have at least
one hormonal activity of a native GIP peptide. In
certain embodiments, the GIP peptide analogs are
agonists of a receptor that a native GIP peptide is
capable of specifically binding. Exemplary GIP peptide
analogs and derivatives include those described in the
references herein, which are hereby incorporated by
reference. While the present application describes GIP
polypeptide compounds as GIP analogs, novel GIP
analogs, and novel GIP hybrids for use in the methods
and therapies described herein, it is further intended
that any suitable GIP agonist can be administered in
place of a GIP compound, such agonists include agonist
antibodies and antibody fragments and derivatives, and
small molecule GIP receptor agonists. Accordingly,
when a GIP compound or polypeptide is indicated for
use in a particular therapeutic method, in another
embodiment it is intended that a GIP agonist be used,
particularly an agonist antibody or fragment or
derivative thereof. [0066] In serum, GIP is degraded
by dipeptidyl peptidase IV (DPP-IV). The resulting
short biological half-life (about 2 minutes in vivo)
limits the therapeutic use of GIP.[0067] The following
references relate to various GEP analogs that are
useful to provide as components for the novel GIP
analogs and GB? hybrids of the present invention and
find use in the novel therapies of the present
invention based on their function on various target
organs. [0068] German Patent Application 19921537
discloses a method for extending the survival of
insulin producing beta-cells by stimulation of their
proliferation and prevention of their programmed cell
death. The specific goal is to increase the endogenous
insulin content and insulin response to elevated blood
glucose levels. An important component of this
invention is the activation of protein kinase B/Akt in
insulin producing beta-cells in response to the
administration of effectors such as GLP-I, GIP,
Exendin-4 or GLP-I receptor agonists or GIP-receptor
agonists. [0069] European Patent Application 0479210
discloses GIP analogs of the formula
GIP(1-13)-X-GIP(15- 3O)-Y, wherein X is an amino acid
residue other than Met, and Y is selected from
homoserine (inclusive homoserine-lactone) (referred to
as "Hse"), homoserine amide (Hse-NH2),
H-Gly-Lys-Lys-Asn-Asp-Trp- Lys-His-Asn-Ile-Thr-Gln-Hse
orH-Gly-Lys-Lys-Asn-Asp-T f
-Lys-His-Asn-Ile-Thr-Gln-Hse-NH2. [0070] United States
Patent Application 20030232761 by Hinke et'al,
published December 18, 2003, reports C-terminal
truncated fragments and N-terminal modified analogs of
GIP as well as various GIP analogs with a reduced
peptide bond or alterations of tine amino acids close
to the dipeptidyl peptidase IV (DPP-FV)-srecific
cleavage site providing DPP-IV-resistance and
prolonged half-life. Also reported are analogs with
different linkers between potential receptor binding
sites of GIP. [0071] WO98/24464 discloses an
antagonist of glucose-dependent insulinotropic
polypeptide (GIP) consisting essentially of a 24 amino
acid polypeptide corresponding to positions 7-30 of
the sequence of GIP, a method of treating non-insulin
dependent diabetes mellitus and a method of improving
glucose tolerance in a non-insulin dependent diabetes
mellitus patient. [0072] WO 00/58360 and EPl 171465
disclose peptides, which stimulate the release of
insulin. This disclosure provides a process of N
terminally-modifying GIP and the use of the peptide
analogues for treatment of diabetes. The specific
peptide analog, which is disclosed in this invention,
comprises at least 15 amino acid residues from the N
terminal end of GIP (1-42). In another embodiment,
Tyrl-glucitol GIP (1-42) is disclosed. [0073] WO
00/20592 discloses GIP or anti-idiotypic antibodies of
GIP or fragments thereof as GIPanalogs for maintaining
or increasing bone density or bone formation.[0074]
Kuhn-Wache et al. (2000) discloses analogs of GIP with
increased dipeptidyl peptidase IV resistance
(Kuhn-Wache et al, in Langner & Ansorge, Cellular
peptidases in Immune Functions and Diseases 2. Kluwer
Academic/Plenum Publishers, 187-195.) [0075] O'Harte
et al. and Ghault et al. have reported GIP(l-30)
analogs~Tyrl-glucitol-GIP and (Pro3)GIP-displaying
DPP-IV resistance and enhanced bioactivity. (O'Harte
et al., NH2-terminally modified gastric inhibitory
polypeptide exhibits amino-peptidase resistance and
enhanced antihyperglycemic activity, Diabetes 48,
758-765 (1999)); and see Gault et al.
"Characterization of the cellular and metabolic
effects of a novel enzyme-resistant antagonist of
Glucose-dependent insulinotropic polypeptide."
Biochemical and Biophysical Research Communications
290, 1420-1426 (2002)). [0076] Specific active GIP and
GIP analogs known in the art include: [0077] Of
particular interest are analogs modified at or near
the dipeptidyl peptidase IV (DPP-IV) specific cleavage
site, which improve DPP-IV-resistance and consequently
prolong half-life. Amino acid alterations include
modifications of the first 3 or 4 residues of GIP
and/or the bond between residues 2 and 3, which is
cleaved by DPP-IV. Modifications and substitutions
include N-terminal modifications, Lamino acids,
D-amino acids, proteinogem'c and non-proteinogenic
amino acids. Proteinogenic amino acids are defined as
natural protein-derived alpha-amino acids.
Non-proteinogenic amino acids are defined as all other
amino acids, which are not building blocks of common
natural proteins. [0078] Of further interest are novel
GIP analogs having one or more modifications as
described herein and that exhibit at least 50%, at
least 60%, at least 65%, at least 70%, at least 75%,
at least 80%, at least 85%, at least 90%, at least 95%
or at least 98% sequence identity to a native
GIP(l-30), native GIP(l-26), native GIP(I-H), native
GIP(l-39), native GIP(19-30), native GIP(19-26),
native GIP(19-39), native GIP(19-42) or native
GIP(l-42) over the entire length of the GIP portion.
[0079] Of particular interest are those GIP compounds
comprising at least 11, 12, 13, 14 or~15 amino acid
residues from the N-terminal end of a GIP, e.g.,
GIP(l-42> having a least one amino acid substitutionor
modification at position 1-3 and being biologically
active. This includes modification by fatty acid
addition at an epsilon amino group of at least one
lysine residue, either present in or introduced into
the molecule. Particular modifications include
Tyrl-glucitol of a GIP, for example Tyrl-Glucitol
GIP(l-42) or Tyrl-glucitol GIP(I -30). GIP analogs of
interest include those comprising a substitution or
modification selected from the group comprising
D-amino acid substitutions in 1, 2 and/or 3 positions
and/or N-terminal glycation, alkylation, acetylation
or acylation, or other N-terminal modifications
described herein. Of further interest are analogs
wherein the amino acid in the 2 or 3 position is
substituted by lysine, serine, 4-amino butyric amino
acid, Aib, D-alanine, Sarcosine or proline. Further
exemplary subsitutions in the 1, 2, or 3 position, and
more particularly in the 2 position of GIP are dAla,
VaI, dnorVal, dSer, Abu, dAbu, homo-Ser, d-homoSer,
dPro, cyclopropyl Ala, d-cyclopropyl Ala, cycloHexyl
Ala, d-cyclohexyl Ala, A(NMe), Aib, and cyclpropGly. 



[0080] Further exemplary GIP analog compounds have a
modification at the N-terminus, retaining their GIP
Receptor binding, in which the N-terminus modification
includes H, isocap, isoBuOCO, octylglycine, Y(NMe) and
succinoyl. Further exemplary GIP compounds include
those with fatty acid modifications or combinations of
modifications as described herein, while retaining
their GIP Receptor binding and receptor activation
activity, For example, an N-terminus modification can
be combined with a substitution or mdofication at
positions 1, 2 or 3 (which imparts resistance to
DPP-IV as described herein) or with a fatty acyl
deriviative modification (which can reduce renal
clearance). In another example, a substitution or
modification at at positions 1, 2 or 3 is combined
with a fatty acyl derivative. For example an
N-terminus octylglycine is combined with a d-amino
acid at 1, 2, or, particularly a D-AIa at positon 2.
hi one embodiment a fatty acyl substitution is a
octylglycine for lysine at position 16 or methionine
at position 14. In other embodiments the methionine at
positon 14 is deleted, and which, for example, can be
further combined with a octylglycine for lysine at
position 16 or 30. Another subsitution is acylation of
the lysine at position 16 or 30, for example with an
octyl or palmitoyl group. Other embodiments include a
fatty acyl substitution where an octylglycine is
substituted for lysine at position 16 or 30 or for
methionine at position 14. To eliminate or reduce
oxidation, the methionine at position 14 is deleted or
substituted, for example with a lecince or other small
hydrophobic amino acid, and/or the tryptophan at
position 25 is deletred or substitutired, for example
with a phenylalanine. [0081] In one embodiment are
analogs having at least one or two amino acid
deletions in amino acids 1- 30 of GIP, those having
one or two deletions in amino acids 4 to 30, and those
having one or more deletions in amino acids 4-15, and
those having one amino acid deletion in amino acids
1-30, 4-30 or 4-15 of a GIP. Of course it is intended
that such a modification can be combined with at least
one other change as described herein, such as a change
that imparts DPP-TV resistance, reduces or eliminates
oxidation, reduces renal clearance, improves receptor
binding, or improves receptor activation.[0082]
Further exemplary substitutions are those derived from
GIP of other (non-human) species, for example the
methionine 14 replaced by lecuine, the D at position 9
or 2 1 replaced by E, the histidine 18 replaced by
alanine, arginine or lysine, the lysine at position 30
replaced by alanine, arginine or histidine, the
alanine at position 13 replaced by leucine, and the
alanine at position 28 replaced by serine. [0083] In
one embodiment the GIP analogs have one or more of the
following modifications: dAla2 to Abu, Ala, GIy, or
Ser; Metl4 to Leu; HislS to Ala, Arg, or Lys; Asp21 to
GIu; Lys30 to Arg or His; and/or an N-terminus as
Gly(Oct). [0084] Further exemplary GIP modifications
and combinations are shown in the following compounds:
[0085] Accordingly, it is intended that the
modifications described herein can be combined with at
least one other change as described herein, such as a
change that imparts DPP-TV resistance, reduces or
eliminates oxidation, reduces renal clearance,
improves receptor binding, or improves receptor
activation. For example, intended are specific analogs
that have one or more replacements or modifications as
decribed herein, such as a GIP D-Ala2 or L-Ala2 analog
that also has a Phe for Trp replacement at position
25. GIP Hybrid Polypeptides .[0086] Bio-Active Peptide
Hormone Modules. As discussed herein the GIP hybrid
polypeptides of the present invention (also referred
to as "phybrids"), generally comprise at least two
bio-active peptide hormone modules covalently linked
together, with a GIP peptide as one of the modules.
The bio-active peptide hormone modules may be: (a)
native component peptide hormones, (b) analogs or
derivatives of native component peptide hormones that
retain hormonal activity, (c) fragments of native
component peptide hormones that retain hormonal
activity, (d) fragments of analogs or derivatives of
native component peptide hormones that retain hormonal
activity, (e) structural motifs of native component
peptide hormones that impart a desired chemical
stability, conformational stability, metabolic
stability, bioavailability, organ/tissue targeting,
receptor interaction, protease inhibition, plasma
protein binding, and/or other pharmacokinetic
characteristic to the hybrid polypeptide; or (f)
structural motifs of analogs or derivatives of native
component peptide hormones that impart a desired
chemical stability, conformational stability,
metabolic stability, bioavailability, organ/tissue
targeting, receptor interaction, protease inhibition,
plasma protein binding, and/or other pharmacokinetic
characteristic to the hybrid polypeptide. The
structural motifs of (e) and (f) will collectively be
referred to herein as "peptidic enhancers". An example
of a peptidic enhancer is a Trp cage sequence,
particularly one derived from exendin-4, such as the
Ex-4 short or long tails. [0087] Xemplary bio-active
peptide hormone modules include native peptide
hormones selected from: amylin, ADM, CT, CGRP,
intermedin, CCK(l-33), CCK-8, leptin, PYY(I -36),
PYY(3-36), GLP-I(I -37), GLP-l(7-37), GLP-l(7-36),
GLP-2, OXM, GIP, exendin-3, exendin-4, natriuretic
peptide hormones, urocortin family peptides, e.g.,
Ucn-2 and Ucn-3, neuromedin family peptides, e.g.
neuromedin U25 or splice variants, and ANP, BNP, CNP
or urodilatin. [0088] Other xemplary bio-active
peptide hormone modules include analogs and
derivatives of a component peptide hormone selected
from: amylin, ADM, CT, CGRP, intermedin, CCK, leptin,
PYY(I- 36), PYY(3-36), GLP-l(l-37), GLP-l(7-37),
GLP-l(7-36), GLP-2, OXM a natriuretic peptide hopnone,
a urocortin family peptide, e.g., Ucn-2 and Ucn-3, a
neuromedin family peptide, e.g. neuromedin U25 or
splice variants, exendin-3, and exendin-4, wherein the
analog or derivative exhibits at least one hormonal
activity of the component peptide hopnone. The analog
may comprise one or more insertions, deletions, or
substitutions of the amino acid sequence of the
component peptide hormone, and the derivative may
comprise one or more chemical modifications of an
amino acid residue of an analog or component peptide
hormone, as described more fully herein and known in
the art. [0089] More specifically, analogs and
derivatives may be selected from any described above
and/or known in the art. Particularly xemplary analogs
and derivatives that exhibit at least one hormonal
activity useful as bio-active peptide hormone modules
of the invention include the following: Amylin:
2Ala-h-amylin, 2>7Ala-h-amylin, 28Pro-h-amylin,
25>28Pro-h-amylin, 25'28>29Pro-hamylin,
25Pro,26Val,28-29Pro-h-amylin,
18Arg,25-28Pro-h-amylin, 18Arg,25'28 29Pro-h[0090] As
known in the art, such peptide compounds may
preferably be amidated, but within the context of the
present invention, may optionally be in the acid form
unless otherwise specified. [0091] Still other
xemplary bioactive peptide hormone modules include
fragments of a component peptide hormone selected
from: amylin, ADM, CT, CGRP, intermedin, CCK, leptin,
PYY(I -36), PYY(3- 36), GLP-l(l-37), GLP-l(7-37),
GLP-l(7-36), GLP-2, OXM, a natriuretic peptide, a
urocortin family peptide, e.g., Ucn-2 and Ucn-3, a
neuromedin family peptide, e.g. neuromedin U25 or
splice variant, exendin-3, and exendin-4, wherein the
fragment exhibits at least one hormonal activity of
the component peptide hormone. 



[0092] Yet other xemplary bioactive peptide hormone
modules include fragments of analogs or derivatives of
a component peptide hormone selected from: amylin,
ADM, CT, CGRP, intermedin, CCK, leptin, PYY(l-36),
PYY(3-36),GLP-l(l-37), GLP-l(7-37), GLP-l(7-36),
GLP-2, OXM, ANP, BNP,CNP, urodilatin, Ucn-2 and Ucn-3,
neuromedin U25 or splice variant, neuromedin S,
exendin-3 and exendin-4, wherein the fragment exhibits
at least one hormonal activity of the component
peptide hormone. Again, the analog may comprise one or
more insertions, deletions, or substitutions of the
amino acid sequence of the component peptide hormone,
and the derivative may comprise one or more chemical
modifications of an amino acid residue of an analog or
component peptide hormone, as described more folly
herein and known in the art. [0093] Certain exemplary
fragments that exhibit at least one hormonal activity
include the following. However, it should be
understood that combinations of the above-described
analogs and derivatives taken with fragments known in
the art, including the xemplary fragments described
herein, are contemplated. [0094] Again, as known in
the art, such peptide compounds may preferably be
amidated, but within the context of the present
invention, may optionally be in the acid form unless
otherwise specified. Further, the above exemplary
fragments may be combined with any of the analogs or
derivatives discussed herein or known in the art. For
example, exemplary analog fragments may include 5Ala,
14Leu,25Phe-exendin- 4(1-28),
14Leu,25Phe-exendin-4(l-27), 5Ala,
I4Leu,25Phe-exendin-4(l-28),
14Leu,25Phe-exendin-4(l-27), or any other combinations
of the disclosed fragments, analogs, and derivatives.
Furthe embodiments include NN22 11 and ZP-IO. [0095]
Yet other exemplary bio-active peptide modules include
"peptidic enhancer", i.e., structural motifs of
component peptide hormones (including analogs and
derivatives thereof) that impart a desired chemical
stability, conformational stability, metabolic
stability, bioavailability, organ/tissue targeting,
receptor interaction, protease inhibition, plasma
protein binding, and/or other pharmacokinetic
characteristic to the hybrid polypeptide. Exemplary
peptidic enhancers include the following. 1Amylin
Family 1amylin(32-37), amylin(33-37), amylin(34-37),
amylin(35-37), amylin(36- 1[0096] Again, it should be
understood that combinations of the above-described
GIP analogs and derivatives taken together with the
bio-active peptide modules described herein are
contemplated. For example, the last six amino acid
residues of amylin family peptide hormone analogs and
derivatives known in the art and/or described above
are also contemplated as exemplary bio-active peptide
modules. For example, as further discussed herein, the
peptidic enhancer Ex-4 short tail, which is an
exemplary Trp-Cage sequence, or analog thereof, is
added to the C-terminus of any GIP analog, and in
further embodiments the peptidic enhancer is attached
using a linker. [0097] In one aspect, the novel GIP
hybrid include a GIP portion exhibiting at least 50%,
at least 60%, at least 65%, at least 70%, at least
75%, at least 80%, at least 85%, at least 90%, at
least 95% or at least 98% sequence identity to a
native GIP(l-30), native GIP(l-26), native GIP(1-14),
native GIP(l-39), native GIP(19-30), native
GIP(19-26), native GIP(19-39), native GIP(19-42) or
native GIP(l-42) over the entire length of that GIP
portion. [0098] Accordingly, in certain embodiments
the GIP portion of a GIP hybrid can comprise a
trp-cage motif. Such desirable GIP hybrids include an
N-terminal GIP or novel GIP analog fragment in
combination with a C-terminal polypeptide or fragment
thereof having a glucose lowering activity (e.g.,
antidiabetics, exendin) or the ability to inhibit or
reduce gastric emptying. Such desirable GIP hybrids
include an N-terminal GIP fragment or novel GIP analog
fragment in combination with a C-terminal exendin,
GLPl, symlin (pramlintide), amylin, CCK, gastrin, PYY,
secretin, GRP, neuromedins, urocortin, calcitonin, or
salmon calcitonin, or fragment thereof. In other
embodiments desirable GIP hybrids include a C-terminal
GIP or novel GIP analog fragment in combination with
an N-terminal polypeptide or fragment thereof having a
glucose lowering activity (e.g., antidiabetics,
exendin) or the ability to inhibit or reduce gastric
emptying. In such embodiments, the chimeric
polypeptides can include a C-terminal GIP, a novel GIP
analog (in which case a Trp-cage forming sequence is
present), or fragment thereof, incombination with a
N-terminal exendin, GLPl, symlin (pramlintide),
amylin, CCK, gastrin, PYY, secretin, GRP, neuromedins,
urocortin, calcitonin, or salmon calcitonin, or
fragment thereof. [0099] In other embodiments the GIP
or novel GIP analog is combined with a gastrin /CCK
receptor ligand; an amylin receptor ligand; a
calcitonin receptor ligand; an CGRP receptor ligand, a
PYY receptor ligand, an EGF receptor ligand; a
Glucagon-like peptide 1 receptor ligand; a
Glucagon-like peptide 2 receptor ligand; a gastric
inhibitory polypeptide (GIP) receptor ligand; a
keratinocyte growth factor (KGF) receptor 1 ligand; a
dipeptidyl peptidase IV inhibitor; a REG protein
receptor ligand; a Growth Hormone receptor ligand; a
Prolactin (PRL) receptor ligand; an Insulin-like
Growth Factor (IGF) receptor ligand; PTH-related
protein (PTHrP) receptor ligand; hepatocyte growth
factor (HGF) receptor ligand; a bone morphogenetic
protein (BMP) receptor ligand, a transforming growth
factor (TGF receptor ligand; a laminin receptor
ligand; a vasoactive intestinal peptide (VIP) receptor
ligand; a fibroblast growth factor (FGF) receptor
ligand; a nerve growth factor (NGF) receptor ligand;
an islet neogenesis associated protein (INGAP)
receptor ligand; an Activin-A receptor ligand; a
vascular endothelial growth factor (VEGF) receptor
ligand; an erythropoietin (EPO) receptor ligand; a
pituitary adenylate cyclase activating polypeptide
(PACAP) receptor ligand; a granulocyte colony
stimulating factor (G-CSF) receptor ligand; a
granulocyte- macrophage colony stimulating factor
(GM-CSF); a platelet-derived growth factor (PDGF)
receptor ligand, and a secretin receptor ligand.
[00100] The polypeptides of the present invention will
preferably retain, at least in part, a biological
activity of native human GIP, e.g., the polypeptides
of the present invention will generally be GIP
agonists or antagonists. In one embodiment, the
polypeptides of the present invention will exhibit
biological activity in the treatment and prevention of
metabolic conditions and disorders. Further, the novel
GIP analog polypeptides of the invention may include
internal linker compounds, may include chemical
modifications at internal amino acid residues, or may
be chemically modified at the N-terminal or C-terminal
residue. In yet another embodiment, the polypeptides
of the invention include only natural L amino acid
residues and/or modified natural L amino acid
residues. Alternatively, in another mbodiment, the
polypeptides of the invention do not include unnatural
amino acid residues. [0010I]In exemplary GIP hybrid
embodiments, the GIP portion comprises a GIP
N-terminal region modified or substituted to provide
DPP-IV resistance superior to that of native GIP.
Exemplary Peptide Component Families. [00102]Native
peptide hormones are known in the art, as are their
analogs and derivatives. For reference, the sequences
of several native peptide hormones are provided
herein. Exemplary Peptide Hormones SEQID Description
SequenceNo: 



Rat Amylin KCNTATCATQRLANFLVRSSNNLGPVLPPTNVGSNTY
h-Amylin: KCNTATCATQRLANFLVHSSNNFGAILSSTNVGSNTY h-ADM:
YRQSM>WFQGLRSFGCRFGTCTVQKLAHQIYQFTDKDKD NVAPRSKISP QGY
s-CT: CSNLSTCVLGKLSQELHKLQTYPRTNTGSGTP h-CT:
CGNLSTCMLGTYTQDFNKFHTFPQTAIGVGAP h-CGRP a:
ACDTATCVTHRLAGLLSRSGGVVKNNFVPTNVGSKAF h-CGRP b:
ACNTATCVTHRLAGLLSRSGGMVKSNFVPTNVGSKAF h-AFP-6 (1-
TQAQLLRVGCVLGTCQVQNLSHRLWQLMGPAGRQDSAPVDPSSPHSY 47)
h-AFP-6 (8- VGCVLGTCQVQNLSHRLWQLMGPAGRQDSAPVDPSSPHSY
47): Mouse AFP-6
PHAQLLRVGCVLGTCQVQNLSHRLWQLVRPAGRRDSAPVDPSSPHSY
(1-47): Mouse AFP-6
VGCVLGTCQVQNLSHRLWQLVRPAGRRDSAPVDPSSPHSY (8-47): CCK-8
- DY(SO3)MGWMDF sulfated: h-Leptin:
MHWGTLCGFLWLWPYLFYVQAVPIQKVQDDTKTLIKTIVTRINDISHTQ
SVSSKQKVTGLDFIPGLHPILTLSKMDQTLAVYQQILTSMPSRNVIQISND
LENLRDLLHVLAFSKSCHLPWASGLETLDSLGGVLEASGYSTEWALSR
LQGSLQDMLWQLDLSPGC hPYY:
YPIKPEAPGEDASPEELNRYYASLRHYLNLVTRQRY hPYY(3-36)
IKPEAPGEDASPEELNRYYASLRHYLNLVTRQRY hGLP-1 (1-
HDEFERHAEGTFTSDVSSTLEGQAALEFIAWLVKGRG 37): Frog GLP-I
: HAEGTYTND VTEYLEEKAAKEFIEWLIKGKPKKIRYS-OH;
HAEGTFTSDVTQQLDEKAAKEFIDWLINGGPSKEIIS-OH h-GLP-1 (7-
HAEGTFTSDVSSYLEGQAALEFIAWLVKGR 36): h-GLP-2
HADGSFSDEMNTILDNLAARDFINWLIETKITD Frog GLP-2:
HAEGTFTNDMTNYLEEKAAKEFVGWLIKGRP-OH OXM:
HSQGTFTSDYSKYLDSRRAQDFVQWLMNTKRNRNNIA Exendin-3:
HSDGTFTSDLSKQMEEEAVR LFIEWLKNGG PSSGAPPPSExendin-4
HGEGTFTSDLSKQMEEEAVRLFIEWLKNGGPSSGAPPPS [00103] These
peptides are generally C-terminally amidated when
expressed physiologically, but need not be for the
purposes of the instant invention. In other words, the
C-terminus of these peptides, as well as the GIP
hybrid polypeptides of the present invention, may have
a free -OH or -NH2 group. These peptides may also have
other post-translational modifications. One skilled in
the art will appreciate that the hybrid polypeptides
of the present invention may also be constructed with
an N-terminal methionine residue. [00104] It is also
intended that in addition to comprising a GIP hybrid,
in other embodiments the hormones described herein can
be used in adjunct therapy, co-administered with, a
GIP analog of the invention. [00105] The Amylin
Family. As discussed herein component peptide hormones
useful in the present invention with a GIP or a novel
GIP analog include amylin family peptide hormones
including amylin, adrenomedullin ("ADM"), calcitonin
("CT"), calcitonin gene related peptide ("CGRP"),
intermedin (also known as "AFP-6") and related
peptides. Native amylin family peptide hormones are
known in art, as are functional peptide analogs and
derivatives. Certain exemplary native peptides,
peptide analogs and derivatives are described herein,
however it should be recognized that any known amylin
family peptides that exhibit hormonal activity known
in the art may be used in conjunction with the present
invention. Any amylin analog or derivative known in
the art may be used in conjunction with the present
invention. [00106] Another family of peptide hormones
implicated in metabolic diseases and disorders is the
amylin family of peptide hormones, including amylin,
calcitonin, calcitonin gene related peptide,
adrenomedullin, and intermedin (also known as
"AFP-6"). Amylin is a 37-amino acid peptide hormone.
It was isolated, purified and chemically characterized
as the major component of amyloid deposits in the
islets of pancreases of human Type 2 diabetics (Cooper
et al, Proc. Natl. Acad. Sci., USA, 84:8628-8632
(1987)). The amylin molecule has two
post-translational modifications: the C-terminus is
amidated, and the cysteines in positions 2 and 7 are
cross-linked to form an N-terminal loop. The sequence
of the open reading frame of the human amylin gene
shows the presence of the Lys-Arg dibasic amino acid
proteolytic cleavage signal, prior to the N-terminal
codon for Lys, and the GIy prior to the Lys-Arg
proteolytic signal at the CLAIMS-terminal position, a
typical sequence for amidation by protein amidating
enzyme, PAM (Cooper et al., Biochem. Biophys. Acta,
1014:247-258 (1989)). [00107] Amylin is believed to
regulate gastric emptying, and suppress glucagon
secretion and food intake, thus regulating the rate of
glucose appearance in the circulation. It appears to
complement the actions of insulin, which regulates the
rate of glucose disappearance from the circulation and
its uptake by peripheral tissues. These actions are
supported by experimental findings in rodents and
humans, which indicate that amylin complements the
effects of insulin in postprandial glucose control by
at least three independentmechanisms, all of which
affect the rate of glucose appearance. First, amylin
suppresses postprandial glucagon secretion. Compared
to healthy adults, patients with type 1 diabetes have
no circulating amylin and patients with type 2
diabetes have diminished postprandial amylin
concentrations. Furthermore, infusion of an amylin
specific monoclonal antibody, which bound circulating
amylin, again resulted in greatly elevated glucagon
concentrations relative to controls. Both of these
results point to a physiological role of endogenous
amylin in the regulation of postprandial glucagon
secretion. Second, amylin slows gastrointestinal
motility and gastric emptying. Finally,
intrahypothalamic injections of rat amylin were shown
to reduce feeding in rats and alter neurotransmitter
metabolism in the hypothalamus, hi certain studies,
food intake was significantly reduced for up to eight
hours following the intrahypothalamic injection of rat
amylin and rat CGRP. In human trials, an amylin
analog, pramlintide, has been shown to reduce weight
or weight gain. Amylin may be beneficial in treating
metabolic conditions such as diabetes and obesity.
Amylin may also be used to treat pain, bone disorders,
gastritis, 



to modulate lipids, in particular triglycerides, or to
affect body composition such as the preferential loss
of fat and sparing of lean tissue. [00108] The hormone
calcitonin (CT) was named for its secretion in
response to induced hypercalcemia and its rapid
hypocalcemic effect. It is produced in and secreted
from neuroendocrine cells in the thyroid that have
since been termed C cells. The best-studied action of
CT(I -32) is its effect on the osteoclast hi vitro
effects of CT include the rapid loss of ruffled
borders and decreased release of lysosomal enzymes.
Ultimately, the inhibition of osteoclast functions by
CT results in a decrease in bone resorption. However,
neither a chronic reduction of serum CT in the case of
thyroidectomy nor the increased serum CT found in
medullary thyroid cancer appears to be associated with
changes in serum calcium or bone mass. It is thus most
likely that a major function of CT(I -32) is to combat
acute hypercalcemia in emergency situations and/or
protect the skeleton during periods of "calcium
stress" such as growth, pregnancy, and lactation.
(Reviewed in Becker, JCEM, 89(4): 1512-1525 (2004) and
Sexton, Current Medicinal Chemistry 6: 1067- 1093
(1999)). Consistent with this is recent data from the
calcitonin gene knockout mouse, which removes both the
calcitonin and the CGRP-I peptides, that revealed that
the mouse had normal levels of basal calcium-related
values, but an increased calcemic response (Kurihara
H, et al., Hypertens Res. 2003 Feb; 26 Suppl:S105-8).
[00109]CT has an effect on plasma calcium levels and
inhibits osteoclast function and is widely used for
the treatment of osteoporosis. Therapeutically, salmon
CT (sCT) appears to increase bone density and decrease
fracture rates with minimal adverse effects. CT has
also been successfully used over the past 25 years as
a therapy for Paget' s disease of bone, which is a
chronic skeletal disorder that may result in enlarged
or deformed bones in one or more regions of the
skeleton. CT is also widely used for its analgesic
effect on bone pain experienced during osteoporosis,
although the mechanism for this effect is not clearly
understood. [00110] Calcitonin gene related peptide
(CGRP) is a neuropeptide whose receptors are widely
distributed in the body, including the nervous system
and the cardiovascular system. This peptide seems to
modulatesensory neurotransmission and is one of the
most potent endogenous vasodilatory peptide discovered
to date. Reported biological effects for CGRP include:
modulation of substance P in inflammation, nicotinic
receptor activity at the neuromuscular junction,
stimulation of pancreatic enzyme secretion, a
reduction of gastric acid secretion, peripheral
vasodilation, cardiac acceleration, neuro-modulation,
regulation of calcium metabolism, osteogenic
stimulation, insulin secretion, an increase in body
temperature and a decrease in food intake.
(Wimalawansa, Amylin, calcitonin gene-related peptide,
calcitonin and ADM: a peptide superfamily. Crit Rev
Neurobiol. 1997; ll(2-3):167-239). An important role
of CGRP is to control blood flow to various organs by
its potent vasodilatory actions, as evidenced by a
decrease of mean arterial pressure following
intravenous administration of a-CGRP. The vasodilatory
actions are also supported by recent analysis of
homozygous knockout CGRP mice, which demonstrated
elevated peripheral vascular resistance and high blood
pressure caused by increased peripheral sympathetic
activity (Kurihara H, et al., Targeted disruption of
ADM and aCGRP genes reveals their distinct biological
roles. Hypertens Res. 2003 Feb; 26 Suppl:S105-8).
Thus, CGRP appears to elicit vasodilatory effects,
hypotensive effects and an increase in heart rate
among other actions. [00111]Prolonged infusion of CGRP
into patients with congestive cardiac failure has
shown a sustained beneficial effect on hemodynamic
functions without adverse effects, suggesting a use in
heart failure. Other indications of CGRP use include
renal failure, acute and chronic coronary artery
ischemia, treatment of cardiac arrhythmia, other
peripheral vascular disease such as Raynaud's
phenomenon, subarachnoid hemorrhage, hypertension, and
pulmonary hypertension. Preeclamptic toxemia of
pregnancy and preterm labor are also potentially
treatable. (Wimalawansa, 1997). Recent therapeutic
uses include the use of CGRP antagonists for the
treatment of migraine headaches. [00112]
Adrenomedullin (ADM) is almost ubiquitously expressed
with many more tissues containing the peptide than
not. A published review of ADM, (Hinson, J.P. et al.,
Endocrine Reviews (2000) 21(2): 138- 167) details its
effects on the cardiovascular system, cellular growth,
the central nervous system and the endocrine system,
with a range of biological' actions including
vasodilation, cell growth, regulation of hormone
secretion, and natriuresis. Studies in rat, cat,
sheep, and man confirm that intravenous infusion of
ADM results in potent and sustained hypotension, and
is comparable to that of CGRP. However, the
hypotensive effect of ADM on mean arterial pressure in
the anesthetized rat is not inhibited by the CGRP
antagonist CGRP8-37 suggesting that this effect is not
mediated via CGRP receptors. Acute or chronic
administration of human ADM in rats, anesthetized,
conscious or hypertensive, results in a significant
decrease in total peripheral resistance accompanied by
a fall in blood pressure, with a concomitant rise in
heart rate, cardiac output and stroke volume.
[00113]ADM has also been proposed as an important
factor in embryogenesis and differentiation and as an
apoptosis survival factor for rat endothelial cells.
This is supported by recent mouse ADM knockout
studies, in which mice homozygous for loss of the ADM
gene demonstrated defective vascular formation during
embryogenesis and thus died mid-gestation. It was
reported that ADM +/- heterozygous mice hadhigh blood
pressure along with susceptibility to tissue injury
(Kurihara H, et al., Hypertens Res. 2003 Feb; 26
SuppliS 105-8). [00114]ADM affects such endocrine
organs as the pituitary, the adrenal gland,
reproductive organs and the pancreas. The peptide
appears to have a role in inhibiting ACTH release from
the pituitary. In the adrenal gland, it appears to
affect the secretory activity of the adrenal cortex in
both rat and human and it increases adrenal blood
flow, acting as a vasodilator in the adrenal vascular
bed in intact rats. ADM has been shown to be present
throughout the female reproductive tract and plasma
levels are elevated in normal pregnancy. Studies in a
rat model of preeclampsia show that ADM can reverse
hypertension and decrease pup mortality when given to
rats during late gestation. Because it did not have a
similar effect in animals in early gestation or
non-pregnant rats in the preeclampsia model, this
suggests that ADM may play an important regulatory
role in the utero-placental cardiovascular system. In
the pancreas, ADM most likely plays an inhibitory role
since it attenuated and delayed insulin response to an
oral glucose challenge, resulting in initial elevated
glucose levels. ADM can also affect renal function. A
bolus administered peripherally can significantly
lower mean arterial pressure and raise renal blood
flow, glomerular filtration rate and urine flow. In
some cases, there is also an increase in Na+
excretion. [00115]ADM also has other peripheral
effects on bone and on the lung. For bone, studies
have supported a role beyond the cardiovascular system
and fluid homeostasis and have demonstrated that ADM
acts on fetal and adult rodent osteoblasts to increase
cell growth comparable to those of known osteoblast
growth factors such as transforming growth
factor-alpha. This is important clinically as one of
the major 



challenges in osteoporosis research is to develop a
therapy that increases bone mass via osteoblastic
stimulation. m the lung, ADM not only causes pulmonary
vasodilation, but also inhibits bronchoconstriction
induced by histamine or acetylcholine. Recent studies
using aerosolized ADM to treat pulmonary hypertension
in a rat model indicate that inhalation treatment of
this condition is effective, as evidenced by the fact
that mean pulmonary arterial pressure and total
pulmonary resistance were markedly lower in rats
treated with ADM than in those given saline. This
result was achieved without an alteration in systemic
arterial pressure or heart rate (Nagaya N et al., Am J
Physiol Heart Circ Physiol. 2003;285:H2125-31).
[00116] In healthy volunteers, i.v. infusion of ADM
has been shown to reduce arterial pressure and to
stimulate heart rate, cardiac output, plasma levels of
cAMP, prolactin, norepinephrine and rennin. In these
patients, there was little or no increase in urine
volume or sodium excretion observed. In patients with
heart failure or chronic renal failure, i.v. ADM had
similar effects to those seen in normal subjects, and
also induced diuresis and natriuresis, depending on
the dose administered (Nicholls, MG et al. Peptides.
2001; 22:1745-1752) Experimental ADM treatment has
also been shown to be beneficial in arterial and
pulmonary hypertension, septic shock and
ischemia/reperfusion injury (Beltowski J., Pol J
Pharmacol. 2004;56:5-27). Other indications for ADM
treatment include: peripheral vascular disease,
subarachnoid hemorrhage, hypertension, preeclamptic
toxemia of pregnancy and preterm labor, and
osteoporosis.[00117] Expression of AFP-6 (i.e.,
intermedin) is primarily in the pituitary and
gastrointestinal tract. A specific receptor for AFP-6
has not been reported; however, binding studies
indicate that AFP-6 binds to all the known receptors
of the Amylin Family. AFP-6 has been shown to increase
cAMP production in SK-N-MC and L6 cells expressing
endogenous CGRP receptors and competes with labeled
CGRP for binding to its receptors in these cells. In
published in vivo studies, AFP-6 administration led to
blood pressure reduction in both normal and
spontaneously hypertensive rats, most likely via
interactions with the CRLR/RAMP receptors. In vivo
administration in mice led to a suppression of gastric
emptying and food intake. (Roh et al. J Biol Chem.
2004 Feb 20;279(8):7264-74.) [00118] It has been
reported that the biological actions of amylin family
peptide hormones are generally mediated via binding to
two closely related type II G protein-coupled
receptors (GPCRs), the calcitonin receptor (CTR) and
the calcitonin receptor like receptor (CRLR). Cloning
and functional studies have shown that CGRP, ADM, and
amylin interact with different combinations of CTR or
the CRLR and the receptor activity modifying protein
(RAMP). Many cells express multiple RAMPs. It is
believed that coexpression of RAMPs and either the CTR
or CRLR is required to generate functional receptors
for calcitonin, CGRP, ADM, and amylin. The RAMP family
comprises three members (RAMPl, -2, and -3), which
share less then 30% sequence identity, but have a
common topological organization. Coexpression of CRLR
and RAMPl leads to the formation of a receptor for
CGRP. Co-expression of CRLR and RAMP2 leads to the
formation of a receptor for ADM. Co-expression of CRLR
and RAMP3 leads to the formation of a receptor for ADM
and CGRP. Co-expression of hCTR2 and RAMPl leads to
the formation of a receptor for amylin and CGRP.
Co-expression of hCTR2 and RAMP3 leads to the
formation of a receptor for amylin. [00119] Thus a GIP
hybrid comprising an amylin family hormone module can
provide the functions and uses associated with the
amylin family module, e.g. amylin, amylin/sCT/amylin,
ADM, CGRP, as discussed, in addition to a GIP
function. [0012O]In one embodiment, the amylin analogs
and derivatives have at least one hormonal activity of
native amylin. In certain embodiments, the amylin
analogs are agonists of a receptor which native amylin
is capable of specifically binding. Exemplary amylin
analogs and derivatives include those described in US
2003/0026812 Al, which is hereby incorporated by
reference. [00121] Exemplary amylin analogs
include:[00122]As known in the art, such amylin
analogs are preferably amidated, but within the
context of the present invention, may optionally be in
the acid form unless otherwise specified. [00123] Any
ADM analog or derivative known in the art may be used
in conjunction with the present invention. In one
embodiment, the ADM analogs and derivatives have at
least one hormonal activity of native ADM. In certain
embodiments, the ADM analogs are agonists of a
receptor which native ADM is capable of specifically
binding. [00124] Any CT analog or derivative known in
the art may be used in conjunction with the present
invention. In one embodiment, the CT analogs and
derivatives have at least one hormonal activity of
native CT. In certain embodiments, the CT analogs are
agonists of a receptor which native CT is capable of
specifically binding. Exemplary CT analogs and
derivatives include those described in U.S. Patent
Nos. 4,652,627; 4,606,856; 4,604,238; 4,597,900;
4,537,716; 4,497,731; 4,495,097; 4,444,981; 4,414,149;
4,401,593; and 4,397,780, which are hereby
incorporated by reference. [00125] Exemplary CT
analogs include:[00126]As known in the art, such CT
analogs are preferably amidated, but within the
context of the present invention, may optionally be in
the acid form unless otherwise specified. [00127]Any
CGRP analog or derivative known in the art may be used
in conjunction with the present invention. In one
embodiment, the CGRP analogs and derivatives have at
least one hormonal activity of native CGRP. In certain
embodiments, the CGRP analogs are agonists of a
receptor which native CGRP is capable of specifically
binding. Exemplary CGRP analogs and derivatives
include those described in U.S. Patent Nos. 4,697,002;
and 4,687,839, which are hereby incorporated by
reference. [00128] Exemplary CGRP analogs include:
[00129]Any AFP-6 analog or derivative known in the art
may be used in conjunction with the present invention.
In one embodiment, the AFP-6 analogs and derivatives
have at least one hormonal activity of native AFP-6.
In certain embodiments, the AFP-6 analogs are agonists
of a receptor which native AFP-6 is capable of
specifically binding. Exemplary AFP-6 analogs and
derivatives include those described in WO 2003/022304,
which is hereby incorporated by reference. [00130]
Exemplary AFP-6 analogs include:[0013I]As known in the
art, such AFP-6 analogs are preferably amidated, but
within the context of the present invention, may
optionally be in the acid form unless otherwise
specified. 100132] The CCK Family . CCKs, including
hCCK (cholecystokinin) and species variants, and
various analogs thereof are known in the art.
Generally, CCK has a 33-amino acid sequence first
identified in humans, and includes a 8-amino acid in
vivo C-terminal fragment ("CCK-8") that has been
reportedly demonstrated in pig, rat, chicken,
chinchilla, dog and humans. Other species variants
include a 39-amino acid sequence found in pig, dog and
guinea pig, and a 58-amino acid found in cat, dog and
humans, and a 47-amino acid sequences homologous to
both CCK and gastrin. The C-terminal tyrosine-sulfated



octapeptide sequence (CCK-8) is relatively conserved
across species, and may be the minimum sequence for
biological activity in the periphery of rodents. Thus,
the term CCK-33 will generally refer to human
CCK(l-33), while CCK-8 (CCK(26-33)) will refer to the
C-terminal octapeptide genetically in both the
sulfated and unsulfated unless otherwise specified.
Further, pentagastrin or CCK-5 will refer to the
Cterminal peptide CCK(29-33), and the CCK-4 will refer
to the C-terminal tetrapeptide CCK(30-33). [00133] CCK
was reportedly identified in 1928 from preparations of
intestinal extracts by its ability to stimulate
gallbladder contraction. Other biological actions of
CCK have since been reported, including stimulation of
pancreatic secretion, delayed gastric emptying,
stimulation of intestinal motility and stimulation of
insulin secretion. See Lieverse et al., Ann. N.Y.
Acad. Sci. 713: 268-272 (1994). The actions of CCK,
also reportedly include effects on cardiovascular
function, respiratory function, neurotoxicity and
seizures, cancer cell proliferation, analgesia, sleep,
sexual and reproductive behaviors, memory, anxiety and
dopamine-mediated behaviors. Crawley and Corwin,
Peptides 15: 731-755 (1994). Other reported effects of
CCK include stimulation of pancreatic growth,
stimulation of gallbladder contraction, inhibition of
gastric acid secretion, pancreatic polypeptide release
and a contractile component of peristalsis. Additional
reported effects of CCK include vasodilation. Walsh,
"Gastrointestinal Hormones," In Physiology of the
Gastrointestinal Tract (3d ed. 1994; Raven Press, New
York). [00134] It has been reported that injections of
combinations of glucagon, CCK and bombesin potentiated
the inhibition of intake of condensed milk test meals
in nondeprived rats over the inhibitions observedwith
individual compounds. Hinton et al., Brain Res. Bull.
17:615-619 (1986). It has also been reported that
glucagon and CCK synergistically inhibit sham feeding
in rats. LeSauter and Geary, Am. J. Physiol.
253:R217-225 (1987); Smith and Gibbs, Annals N.Y.
Acad. Sci. 713:236-241 (1994). It has also been
suggested that estradiol and CCK can have a
synergistic effect on satiety. Dulawa et al., Peptides
15:913- 918 (1994); Smith and Gibbs, supra. It has
also been proposed that signals arising from the small
intestine in response to nutrients therein may
interact synergistically with CCK to reduce food
intake. Cox, Behav. Brain Res. 38:35-44 (1990).
Additionally, it has been reported that CCK induces
satiety in several species. For example, it has been
reported that feeding depression was caused by CCK
injected intraperitoneally in rats, intraarterially in
pigs, intravenously in cats and pigs, into the
cerebral ventricles in monkeys, rats, dogs and sheep,
and intravenously in obese and non-obese humans. See
Lieverse et al., supra. Studies from several
laboratories have reportedly confirmed the behavioral
specificity of low doses of CCK on inhibition in
feeding, by comparing responding for food to
responding for nonfood reinforcers in both monkeys and
rats and by showing that CCK elicits the sequence of
behaviors normally observed after meal ingestion
(i.e., the postprandial satiety sequence).
Additionally, comparison of behavior after CCK to
behavior after food ingestion, alone or in combination
with CCK has reportedly revealed behavioral
similarities between CCK and food ingestion. Crawley
and Corwin, supra. It has also been reported that CCK
in physiological plasma concentrations inhibits food
intake and increases satiety in both lean and obese
humans. See Lieverse et al., supra. [00135]CCK was
characterized in 1966 as a 33-amino acid peptide.
Crawley and Corwin, supra. Speciesspecific molecular
variants of the amino acid sequence of CCK have been
identified. The 33-amino acid sequence and a truncated
peptide, its 8-amino acid C-terminal sequence (CCK-8)
have been reportedly identified in pig, rat, chicken,
chinchilla, dog and humans. A 39-amino acid sequence
was reportedly found in pig, dog and guinea pig. A
58-amino acid sequence was reported to have been found
in cat, dog and humans. Frog and turtle reportedly
show 47-amino acid sequences homologous to both CCK
and gastrin. Very fresh human intestine has been
reported to contain small amounts of an even larger
molecule, termed CCK-83. In the rat, a principal
intermediate form has been reportedly identified, and
is termed CCK-22. Walsh, "Gastrointestinal Hormones,"
In Physiology of the Gastrointestinal Tract (3d ed.
1994; Raven Press, New York). A non-sulfated CCK-8 and
a tetrapeptide (termed CCK-4 (CCK(30-33)) have been
reported in rat brain. The C-terminal pentapeptide
(termed CCK-4 (CCK(29-33)) conserves the structural
homology of CCK, and also homology with the
neuropeptide, gastrin. The C-terminal sulfated
octapeptide sequence, CCK-8, is reportedly relatively
conserved across species. Cloning and sequence
analysis of a cDNA encoding preprocholecystokinin from
rat thyroid carcinoma, porcine brain, and porcine
intestine reportedly revealed 345 nucleotides coding
for a precursor to CCK, which is 115 amino acids and
contains all of the CCK sequences previously reported
to have been isolated. Crawley and Corwin, supra.
[00136] CCK is said to be distributed throughout the
central nervous system and in endocrine cells and
enteric nerves of the upper small intestine. CCK
agonists include CCK itself (also referred to as
CCK-33),CCK-8 (CCK(26-33)), non-sulfated CCK-8,
pentagastrin (CCK-5 or CCK(29-33)), and the
tetrapeptide, CCK-4 (CCK(30-33)). At the pancreatic
CCK receptor, CCK-8 reportedly displaced binding with
a 1000- 5000 greater potency than unsulfated CCK-8 or
CCK-4, and CCK-8 has been reported to be approximately
1000-fold more potent than unsulfated CCK-8 or CCK-4
in stimulating pancreatic amylase secretion. Crawley
and Corwin, supra. In homogenates from the cerebral
cortex, CCK receptor binding was said to be displaced
by unsulfated CCK-8 and by CCK-4 at concentrations
that were equimolar, 10- fold or 100-fold greater than
sulfated CCK-8. Id. Receptors for CCK have been
reportedly identified in a variety of tissues, and two
primary subtypes have been described: type A receptors
and type B receptors. Type A receptors have been
reported in peripheral tissues including pancreas,
gallbladder, pyloric sphincter and afferent vagal
fibers, and in discrete areas of the brain. The type A
receptor subtype (CCKA) has been reported to be
selective for the sulfated octapeptide. The Type B
receptor subtype (CCKB) has been identified throughout
the brain and in the stomach, and reportedly does not
require sulfation or all eight amino acids. See
Reidelberger, J. Nutr. 124 (8 Suppl.) 1327S-1333S
(1994); Crawley and Corwin, supra. [00137] Various in
vivo and in vitro screening methods for CCK analogs
are known in the art. Examples include in vivo assays
involving the contraction of the dog or guinea pig
gallbladder after rapid intravenous injection of the
compound to be tested for CCK-like activity, and in
vitro assays using strips of rabbit gallbladder. See
Walsh, "Gastrointestinal Hormones", In Physiology of
the Gastrointestinal Tract (3d ed. 1994; Raven Press,
New York). [00138] Certain exemplary CCKs and CCK
analogs with CCK activity include: [00139]As known in
the art, such CCK peptides are preferably amidated,
but within the context of the present invention, may
optionally be in the acid form unless otherwise
specified. [001401 The Leptin Family. Component
peptide hormones useful in the present invention also
include leptin family peptide hormones. Native leptin
family peptide hormones are known in art, as are
functional 



peptide analogs and derivatives. Certain exemplary
native peptides, peptide analogs and derivatives are
described herein, however it should be recognized that
any known leptin family peptides that exhibit hormonal
activity known in the art may be used in conjunction
with the present invention.[00141]Yet another peptide
hormone family implicated in metabolic diseases and
disorders is the leptin family. The mature form of
circulating leptin is a 146-amino acid protein that is
normally excluded from the CNS by the blood-brain
barrier (BBB) and the blood-CSF barrier. See, e.g.,
Weigle et al., 1995. J Clin Invest 96 : 2065-2070.
Leptin is the afferent signal in a negative feedback
loop regulating food intake and body weight. The
leptin receptor is a member of the cytokine receptor
family. Leptin' s anorexigenic effect is dependent on
binding to homodimer of the Ob-Rb isoform of this
receptor which encodes a long intra-cytoplasmic domain
that includes several motifs for protein-protein
interaction. Ob- Rb is highly expressed in the
hypothalamus suggesting that this brain region is an
important site of leptin action. Mutation of the mouse
ob gene has been demonstrated to result in a syndrome
that exhibitspathophysiology that includes: obesity,
increased body fat deposition, hyperglycemia,
hyperinsulinemia, hypothermia, and impaired thyroid
and reproductive functions in both male and female
homozygous ob/ob obese mice (see e.g., Ingalis, et
al., 1950. J Hered 4 1 : 317-318. Therapeutic uses for
leptin or leptin receptor include (i) diabetes (see,
e.g., PCT Patent Applications WO 98/55139, WO
98/12224, and WO 97/02004); (ii) hematopoiesis (see,
e.g., PCT Patent Applications WO 97/27286 and WO
98/18486); (iii) infertility (see, e.g., PCT Patent
Applications WO 97/15322 and WO 98/36763); and (iv)
tumor suppression (see, e.g., PCT Patent Applications
WO 98/48831), each of which are incorporated herein by
reference in their entirety. [00142] The leptin
receptor (OB-R) gene has been cloned (GenBank
Accession No. AF098792) and mapped to the db locus
(see, e.g., Tartaglia, et al., 1995. Cell 83:
1263-1271). Several transcripts of the OB-R, resulting
from alternative splicing, have also been identified.
Defects in OB-R produce a syndrome in the mutant
diabetic ob/ob mouse that is phenotypically identical
to the ob/ob mouse (see, e.g., Ghilardi, et al., 1996.
Proc. Natl. Acad. Sci. USA 93: 6231-6235). In contrast
to ob/ob mice, however, administration of recombinant
leptin to C57BLKS/J-m ob/ob mice does not result in
reduced food intake and body weight (see, e.g.,
Roberts and Greengerg, 1996. Nutrition Rev. 54:
41-49). [00143] Most leptin-related studies able to
report weight loss activity from administration of
recombinant leptin, leptin fragments and/or leptin
receptor variants have administered said constructs
directly into the ventricles of the brain. See e.g.,
Weigle, et al., 1995. J Clin Invest 96 : 2065-2070;
Barash, et al., 1996. Endocrinology 137: 3144-3147.
[00144] Other studies have shown significant weight
loss activity due to administration of leptin peptides
through intraperitoneally (i.p.) administration to
test subjects. See, Grasso et al., 1997. Endocrinology
138: 1413-1418. Further, leptin fragments, and most
particularly an 18 amino acid fragment comprising
residues taken from full length human leptin, have
been reported to function in weight loss, but only
upon direct administration through an implanted
cannula to the lateral brain ventricle of rats. See,
e.g., PCT Patent Applications WO97/46585, which is
incorporated herein by reference in its entirety.
[00145] Thus a GIP hybrid comprising a leptin family
hormone module can provide the functions and uses
associated with the leptin family module, e.g. leptin,
leptin fragment, as discussed, in addition to a GIP
function.[00146] Any leptin analog or derivative known
in the art may be used in conjunction with the present
invention. In one embodiment, the leptin analogs and
derivatives have at least one hormonal activity of
native leptin. In certain embodiments, the leptin
analogs are agonists of a receptor which native leptin
is capable of specifically binding. Exemplary leptin
analogs and derivatives include those described in,
e.g., WO 2004/039832, WO 98/55139, WO 98/12224, and WO
97/02004, all of which are hereby incorporated by
reference. [00147] Exemplary leptin analogs include
those where the amino acid at position 43 is
substituted with Asp or GIu; position 48 is
substituted Ala; position 49 is substituted with GIu,
or absent; position 75 is substituted with Ala;
position 89 is substituted with Leu; position 93 is
substituted with Asp or GIu; position 98 is
substituted with Ala; position 117 is substituted with
Ser, position 139 is substituted with Leu, position
167 is substituted with Ser, and any combination
thereof. [00148] Certain exemplary leptin and leptin
analogs with leptin activity include: [00149]
43Asp-leptin [00150] 43Glu-leptin [00151] 48Ala-leptin
[00152] 49Glu-leptin [00153] 49Des-AA-leptin [00154]
75Ala-leptin [00155] 89Leu-leptin [00156] 93Asp-leptin
[00157] 93Glu4eptin [00158] 98Ala-leptin [00159]
117Ser-leptin [00160] 139Leu-leptin [00161]
167Ser-leptin [00162] 43Asp, 49Glu-leptin [00163]
43Asp,75Ala-leptin [00164] 89Leu,l 17Ser-leptin
[00165] 93Glu,167Ser-leptin 100166] The PPF or PYY
Family . Component peptide hormones useful in the
present invention also include Pancreatic Polypeptide
Family (PPF) peptide hormones, including PP5-NPY and
PYY. NativePPF peptide hormones are known in art, as
are functional peptide analogs and derivatives.
Certain exemplary native peptides, peptide analogs and
derivatives are described herein, however it should be
recognized that any known PYY family peptides that
exhibit hormonal activity known in the art may be used
in conjunction with the present invention. [00167] Yet
another family of peptide hormones implicated in
metabolic diseases and disorders is the pancreatic
polypeptide family ("PPF"). Pancreatic polypeptide
("PP") was discovered as a contaminant of insulin
extracts and was named by its organ of origin rather
than functional importance (Kimmel et al.,
Endocrinology 83: 1323-30 (1968)). PP is a 36-amino
acid peptide containing distinctive structural motifs.
A related peptide was subsequently discovered in
extracts of intestine and named Peptide YY ("PYY")
because of the N- and C-terminal tyrosines (Tatemoto,
Proc. Natl. Acad. Sci. USA 79: 2514-8 



(1982)). A third related peptide was later found in
extracts of brain and named Neuropeptide Y ("NPY")
(Tatemoto, Proc. Natl. Acad. Sci. USA 79: 5485-9
(1982); Tatemoto et al., Nature 296: 659-60 (1982)).
[00168] These three related peptides have been
reported to exert various biological effects. Effects
of PP include inhibition of pancreatic secretion and
relaxation of the gallbladder. Centrally administered
PP produces modest increases in feeding that may be
mediated by receptors localized to the hypothalamus
and brainstem (reviewed in Gehlert, Proc. Soc. Exp.
Biol. Med. 218: 7-22 (1998)). [00169] Release of PYY
occurs following a meal. An alternate molecular form
of PYY is PYY(3-36) (Eberlein et al., Peptides 10:
797-803 (1989); Grandt et al., Regul. Pept. 51: 151-9
(1994)). This fragment constitutes approximately 40%
of total PYY-like immunoreactivity 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. PYY(3-
36) is reportedly a selective ligand at the Y2 and Y5
receptors, which appear pharmacologically unique in
preferring N-terminally truncated (i.e., C-terminal
fragments of) NPY analogs. Peripheral administration
of PYY reportedly reduces gastric acid secretion,
gastric motility, exocrine pancreatic secretion
(Yoshinaga et al., Am. J. Physiol. 263: G695-701
(1992); Guan et al., Endocrinology 128: 911-6 (1991);
Pappas et al., Gastroenterology 91: 1386-9 (1986)),
gallbladder contraction and intestinal motility
(Savage et al., Gut 28: 166-70 (1987)). The effects of
central injection of PYY on gastric emptying, gastric
motility and gastric acid secretion, as seen after
direct injection in or around the hindbrain/brainstem
(Chen and Rogers, Am. J. Physiol. 269: R787-92 (1995);
Chen et al., Regul. Pept. 61: 95-98 (1996); Yang and
Tache, Am. J. Physiol. 268: G943-8 (1995); Chen et
al., Neurogastroenterol. Motil. 9: 109-16 (1997)), may
differ from those effects observed after peripheral
injection. For example, centrally administered PYY had
some effects opposite to those described herein for
peripherally injected PYY(3-36) in that gastric acid
secretion was stimulated, not inhibited. Gastric
motility was suppressed only in conjunction with TRH
stimulation, but not when administered alone, and was
indeed stimulatory at higher doses through presumed
interaction with PP receptors. PYY has been shown to
stimulate food and water intake after central
administration (Morley et al., Brain Res. 341: 200-3
(1985); Corp et al., Am. J. Physiol. 259: R317-23
(1990)).[00170]Any PPF analog or derivative known in
the art may be used in conjunction with the present
invention. In one embodiment, the PPF analogs and
derivatives have at least one hormonal activity of a
native PPF polypeptide. In certain embodiments, the
PPF analogs are agonists of a receptor which native
PPF polypeptide is capable of specifically binding.
Exemplary PPF analogs and derivatives include those
described in WO 03/026591 and WO 03/057235, which are
herein incorporated by reference in their entirety. In
one embodiment, exemplary PPF analogs and derivatives
that exhibit at least one PPF hormonal activity
generally comprise at least two PYY motifs including a
polyproline motif and Cterminal tail motif. Such
analogs are generally described in U.S. Provisional
Application No. 60/543,406 filed February 11, 2004,
which is herein incorporated by reference. Other
exemplary PPF analogs are disclosed in
PCT/US2005/004351, entitled "Pancreatic Polypeptide
Family Motifs and Polypeptides Comprising the Same",
Attorney Docket 18528.832, the contents of which is
hereby incorporated by reference. By way of
background, the receptors to which PYY family peptides
bind are generally referred to as Y receptors, and
research has suggested that the differences in Y
receptor binding affinities are correlated with
secondary and tertiary structural differences. See,
e.g., Keire et al., Biochemistry 2000, 39, 9935-9942.
Native porcine PYY has been characterized as including
two C-terminal helical segments from residues 17 to 22
and 25 to 33 separated by a kink at residues 23, 24,
and 25, a turn centered around residues 12-14, and the
N-terminus folded near residues 30 and 31. Further,
full-length porcine PYY has been characterized as
including the PP fold, stabilized by hydrophobic
interactions among residues in the N- and C- termini.
See id. [00171]A "PYY motif is generally a structural
component, primary, secondary, or tertiary, of a
native PP family polypeptide that is critical to
biological activity, i.e., biological activity is
substantially decreased in the absence or disturbance
of the motif. Exemplary PYY motifs include the
N-terminal polyproline type II motif of a native PP
family polypeptide, the type II beta-turn motif of
native PP family polypeptide, the a-helical motif at
the C-terminal end of native PP family polypeptide,
and the C-terminal tail motif of native PP family
polypeptide. More particularly, in the N-terminal
polyproline region, amino acids corresponding to
residues 5 and 8 of a native PP family polypeptide are
generally conserved as a proline. The type II
beta-turn motif will generally include amino acids
corresponding to residues 12-14 of a native PP family
polypeptide. The a-helical motif can generally extend
from amino acids corresponding to approximately
residue 14 of a native PP family polypeptide to any
point up to and including the Cterminal end, so long
as the a-helical motif includes a sufficient number of
amino acid residues such that an a-helical turn is
formed in solution. The a-helical motif can also
include amino acid substitutions, insertions and
deletions to the native PP family sequence, so long as
the a-helical turn is still formed in solution. The
C-terminal tail motif generally includes amino acids
corresponding to approximately the last 10 residues of
a native PP family polypeptide, more preferably the
last 7, 6, or 5 residues of a native PP family
polypeptide, and more preferably amino acid residues
32-35. Exemplary PYY analogs include those with
internal deletions, insertions, and substitutions in
areas of the PYY molecule not correspondingto the
polyproline motif and/or the C-terminal tail motif.
For instance, internal deletions at positions 4, 6, 7,
9, or 10 are envisioned. [001721 Additional Incretins
and Incretin Mimetics. Component peptide hormones
useful in the present invention also include GLP-I
peptide hormones. Native GLP-I peptide hormones,
including GLP-I(I- 37), GLP-l(7-37), and GLP-I (7-3
6)amide, are known in art, as are functional peptide
analogs and derivatives. As used herein, GLP-I refers
to all native fopns of GLP-I peptide hormones. Certain
exemplary native peptides, peptide analogs and
derivatives are described herein, however it should be
recognized that any known GLP-I peptides that exhibit
hormonal activity known in the art may be used in
conjunction with the present invention. [00173]
Central to many metabolic diseases and disorders is
the regulation of insulin levels and blood glucose
levels. Insulin secretion is modulated in part by
secretagogue hormones, termed as incretins, which are
produced by enteroendocrine cells. The incretin
hormone, glucagon-like peptide-1 ("GLP-I") is a
peptide hormone secreted by intestinal cells that has
been shown in multiple studies to produce an enhancing
effect on insulin secretion. GLP-I is processed from
proglucagon in the gut and enhances nutrient-induced
insulin release (Krcymann B., et al., Lancet,
2:1300-1303 (1987)). Various truncated forms of GLP-I,
are known to stimulate insulin secretion
(insulinotropic action) and cAMP formation (see, e.g.,
Mojsov, S., Int. J. Pep. Pro. Res., 40:333-343
(1992)). A relationship between various in vitro 



laboratory experiments and mammalian, especially
human, insulinotropic responses to exogenous
administration of GLP-I, GLP-l(7-36) amide, and
GLP-l(7-37) acid has been established (see, e.g.,
Nauck, M. A., et al., Diabetologia, 36:741-744 (1993);
Gutniak, M., et al., New Eng. J. of Med.,
326(20):1316-1322 (1992); Nauck, M. A., et al., J.
Clin. Invest, 91:301-307 (1993); and Thorens, B., et
al., Diabetes, 42:1219-1225 (1993)). [00174] GLP-I
(7-36) amide exerts a pronounced antidiabetogenic
effect in insulin-dependent diabetics by stimulating
insulin sensitivity and by enhancing glucose-induced
insulin release at physiological concentrations
(Gutniak M., et al., New Eng. J. Med., 326:1316-1322
(1992)). When administered to non-insulin dependent
diabetics, GLP-l(7-36) amide stimulates insulin
release, lowers glucagon secretion, inhibits gastric
emptying and enhances glucose utilization (Nauck,
1993; Gutniak, 1992; Nauck, 1993). However, the use of
GLP-I type molecules for prolonged therapy of diabetes
has been complicated because the serum half-life of
such peptides is quite short. [00175] More
particularly, GLP-I is a 30-amino acid peptide derived
from proglucagon, a 160-amino acid prohormone. Actions
of different prohormone convertases in the pancreas
and intestine result in the production of glucagon and
other ill-defined peptides, whereas cleavage of
proglucagon results in the production of GLP-I and
GLP-2 as well as two other peptides. The amino acid
sequence of GLP-I is 100% homologous in all mammals
studied so far, implying a critical physiological
role. GLP-I (7-37) acid is C-terminally truncated and
amidated to form GLP-I (7-36) NH2. The biological
effects and metabolic turnover of the free acid GLP-I
(7-37) OH, and the amide, GLP-I (7-36) NH2, are
indistinguishable. By convention, the numbering of the
amino acids is based on the processed GLP-I (1-37) OH
from proglucagon. The biologically active GLP-I is the
result of further processing: GLP-I (J- 36) NH2. Thus
the first amino acid of GLP-I (7-37) OH or GLP-I
(7-36)NH2 is 7His. [00176] In the gastrointestinal
tract, GLP-I is produced by L-cells of intestinal,
colonic and rectal mucosa, in response to stimulation
by intraluminal glucose. The plasma half-life of
active GLP-I is <5 minutes, and its metabolic
clearance rate is around 12-13 minutes (Hoist,
Gastroenterology 107(6):1848- 55 (1994)). The major
protease involved in the metabolism of GLP-I is
dipeptidyl peptidase (DPP) IV (CD26) which cleaves the
N-terminal His-Ala dipeptide, thus producing
metabolites, GLP-I (9-37) OH or GLP-I (9-36) NH2 which
are variously described as inactive, weak agonist or
antagonists of GLP-I receptor. The GLP-I receptor
(GLP-IR) is a G protein coupled receptor of 463 amino
acid and is localized in pancreatic beta cells, in the
lungs, and to a lesser extent in the brain, adipose
tissue and kidneys. The stimulation of GLP-IR by GLP-I
(7-37) OH or GLP-I (7-36)NH2 results in adenylate
cyclase activation, cAMP synthesis, membrane
depolarization, rise in intracellular calcium and
increase in glucose-induced insulin secretion (HoIz et
al., J. Biol. Chem. 270(30): 17749-57 (1995)). [00177]
GLP-I is a potent insulin secretagogue that is
secreted from the intestinal mucosa in response to
food intake. The profound incretin effect of GLP-I is
underscored by the fact that GLP-IR knockout mice are
glucose-intolerant. The incretin response of i.v.
infused GLP-I is preserved in diabetic subjects,
though the incretin response to oral glucose in these
patients is compromised. GLP-I administration by
infusion or sc injections controls fasting glucose
levels in diabetic patients, and maintains the glucose
threshold for insulin secretion (Gutniak et al., N.
Engl. J. Med. 326:1316-22 (1992); Nauck et al.,
Diabet. Med. 13:(9 Suppl 5):S39-S43 (1996); Nauck et
al., J. Clin. Endocrinol. Metab. 76:912-917 (1993)).
GLP-I has shown tremendous potential as a therapeutic
agent capable of augmenting insulin secretion in a
physiological manner, while avoiding hypoglycemia
associated with sulfonylurea drugs. [00178] Other
important effects of GLP-I on glucose homeostasis are
suppression of glucagon secretion and inhibition of
gastric motility. GLP-I inhibitory actions on
pancreatic alpha cell secretion of glucagon leads to
decreases in hepatic glucose production via reduction
in gluconeogenesis and glycogenolysis. This
antiglucagon effect of GLP-I is preserved in diabetic
patients. [00179] The so-called ileal brake effect of
GLP-I, in which gastric motility and gastric secretion
are inhibited, is effected via vagal efferent
receptors or by direct action on intestinal smooth
muscle. Reduction of gastric acid secretion by GLP-I
contributes to a lag phase in nutrient availability,
thus obviating the need for rapid insulin response. In
summary, the gastrointestinal effects of GLP-I
contribute significantly to delayed glucose and fatty
acid absorption and modulate insulin secretion and
glucose homeostasis. [00180] GLP-I has also been shown
to induce beta cell specific genes, such as GLUT-I
transporter, insulin (via the interaction of PDX-I
with insulin gene promoter), and hexokinase-1. Thus
GLP-I could potentially reverse glucose intolerance
normally associated with aging, as demonstrated by
rodentexperiments. In addition, GLP-I may contribute
to beta cell neogenesis and increase beta cell mass,
in addition to restoring beta cell function during
states of beta cell insufficiency. [00181] Central
effects of GLP-I include increases in satiety coupled
with decreases in food intake, effected via the action
of hypothalamic GLP-IR. A 48 hour continuous SC
infusion of GLP-I in type II diabetic subjects,
decreased hunger and food intake and increased
satiety. These anorectic effects were absent in GLP-IR
knock out mice. [00182] Thus a GIP hybrid comprising
an incretin family hormone module can provide the
functions and uses associated with the incretin family
module, e.g. exendin-4, GLPl, GLP2, as discussed, in
addition to having a GIP function. [00183] Any GLP-I
peptide analog or derivative known in the art may be
used in conjunction with the present invention. In one
embodiment, the GLP-I peptide analogs and derivatives
have at least one hormonal activity of a native GLP-I
peptide. In certain embodiments, the GLP-I peptide
analogs are agonists of a receptor which a native
GLP-I peptide is capable of specifically binding.
Exemplary GLP-I peptide analogs and derivatives
include those described in, e.g., WO 91/11457, which
is hereby incorporated by reference. [00184] GLP-I
analogs known in the art include: [00185]As known in
the art, such GLP-I analogs may preferably be
amidated, but within the context of the present
invention, may optionally be in the acid form unless
otherwise specified. [00186] Other GLP-I analogs and
derivatives are disclosed in U.S. Pat. No. 5,545,618
which is incorporated herein by reference. A exemplary
group of GLP-I analogs and derivatives include those
disclosed in U.S. Patent No. 6,747,006, which is
herein incorporated by reference in its entirety. The
use in the present invention of a molecule described
in U.S. Pat. No. 5,188,666, which is
expresslyincorporated by reference, is also
contemplated. Another group of molecules for use in
the present invention includes compounds described in
U.S. Pat. No. 5,512,549, which is expressly
incorporated herein by reference. Another exemplary
group of GLP-I compounds for use in the present
invention is disclosed in WO 91/1 1457, which is
herein incorporated by reference. 



[00187] In another embodiment useful with GIP or novel
GIP analogs are GLPl analogs with Trp-Cage tails (e.g.
exendin C-terminal sequence with or without the
tryptophan (or similar residue) (which can be
optionally provided as described, e.g. by the presence
of a tryptophan advantageously located in the hormone
that is either naturally occurring, added as a
substitution or as part of a linker.). These include:
GLPl(7-26)Gly8Ex-4(21-39):
HGEGTFTSDVSSYLEGQAAKLFIEWLKNGG PSSGAPPPS-NH2;
GLPl(7-33)(G8,E30,K33)[Ex-4(28-39)]:
HGEGTFTSDVSSYLEGQAAKEFIEWLKNGGPSSGAPPPSNH2;
GLPl(7-33)(G8,K33)[EX4(28-39)]:
HGEGTFTSDVSSYLEGQAAKEFIAWLKNGGPSSGAPPPSNH2;
GLPl(7-33)G8[Ex-4(28-39)]:
HGEGTFTSDVSSYLEGQAAKEFIAWLVNGGPSSGAPPPS-NH2; and
GLPl(7-35)G8[Ex-4(30-39)]:
HGEGTFTSDVSSYLEGQAAKEFIAWLVKGGPSSGAPPPS-NH2. [00188]
Component peptide hormones useful in the GIP hybrids
of the present invention also include GLP-2 peptide
hormones. Native GLP-2 peptide hormones, e.g., rat
GLP-2 and its homologous including ox GLP-2, porcine
GLP-2, degu GLP-2, bovine GLP-2, guinea pig GLP-2,
hamster GLP-2, human GLP- 2, rainbow trout GLP-2, and
chicken GLP-2, are known in art, as are functional
peptide analogs and derivatives. Certain exemplary
native peptides, peptide analogs and derivatives are
described herein, however it should be recognized that
any known GLP-2 peptides that exhibit hormonal
activity known in the art may be used in conjunction
with the present invention. [00189] Any GLP-2 peptide
analog or derivative known in the art may be used in
conjunction with the present invention. In one
embodiment, the GLP-2 peptide analogs and derivatives
have at least one hormonal activity of a native GLP-2
peptide. In certain embodiments, the GLP-2 peptide
analogs are agonists of a receptor which a native
GLP-2 peptide is capable of specifically binding.
Exemplary GLP-2 peptide analogs and derivatives
include those described in, e.g., U.S. Ser. No.
08/669,791 and PCT Application PCT/CA97/00252, both of
which are hereby incorporated by reference. Specific
GLP-2 analogs known in the art include: rat or human
GLP-2 altered at position 2 to confer DPP-IV
resistance by substituting a GIy for an Ala. [00190]
Component peptide hormones useful in the present
invention also include oxyntomodulin (OXM) peptide
hormones. Native OXM peptide hopnones are known in
art, as are functional peptide analogs and
derivatives. Certain exemplary native peptides,
peptide analogs and derivatives are described herein,
however it should be recognized that any known OXM
peptides that exhibit hormonal activity known in the
art may be used in conjunction with the present
invention.[00191]Any OXM peptide analog or derivative
known in the art may be used in conjunction with the
present invention. In one embodiment, the OXM peptide
analogs and derivatives have at least one hormonal
activity of a native OXM peptide. In certain
embodiments, the OXM peptide analogs are agonists of a
receptor which a native OXM peptide is capable of
specifically binding. [00192] Component peptide
hormones useful in the present invention also include
exendin peptide hopnones. Native exendin peptide
hormones are known in art, as are functional peptide
analogs and derivatives. Certain exemplary native
peptides, peptide analogs and derivatives are
described herein, however it should be recognized that
any known exendin peptides that exhibit hormonal
activity known in the art may be used in conjunction
with the present invention. [00193] Exendins are
another family of peptides implicated in insulin
secretion. Exendins are found in the saliva of the
Gila-monster, a lizard endogenous to Arizona, and the
Mexican Beaded Lizard. Exendin-3 is present in the
saliva of Heloderma horridum, and exendin-4 is present
in the saliva of Heloderma suspectum (Eng, J., et al.,
J . Biol. Chem., 265:20259-62, 1990; Eng., J., et al.,
J. Biol. Chem., 267:7402- 05 (1992)). The exendins
have some sequence similarity to several members of
the glucagon-like peptide family, with the highest
identity, 53%, being to GLP-I (Goke, et al., J. Biol.
Chem., 268:19650-55 (1993)). [00194] Exendin-4 binds
the GLP-I receptors on insulin-secreting TCl cells, at
dispersed acinar cells from guinea pig pancreas, and
at parietal cells from stomach; the peptide also
stimulates somatostatin release and inhibits gastrin
release in isolated stomachs (Goke, et al., J . Biol.
Chem., 268:19650-55 (1993); Schepp, et al., Eur. J .
Pharmacol, 69:183-91 (1994); Eissele, et al., Life
Sci., 55:629-34 (1994)). Exendin-3 and exendin-4 were
found to bind the GLP-I receptors on, to stimulating
cAMP production in, and amylase release from,
pancreatic acinar cells (Malhotra, R., et al.,
Relulatory Peptides, 41:149-56 (1992); Raufman, et
al., J. Biol. Chem., 267:21432-37 (1992); Singh, et
al., Regul. Pept, 53:47-59 (1994)). The use of the
insulinotropic activities of exendin-3 and exendin-4
for the treatment of diabetes mellitus and the
prevention of hyperglycemia has been proposed (Eng,
U.S. Pat. No. 5,424,286). [00195] Truncated exendin
peptides such as exendin[9-39], a carboxyamidated
molecule, and fragments 3- 39 through 9-39 have been
reported to be potent and selective antagonists of
GLP-I (Goke, et al., J. Biol. Chem., 268:19650-55
(1993); Raufman, J. P., et al., J. Biol. Chem.,
266:2897-902 (1991); Schepp, W., et al., Eur. J.
Pharm., 269:183-91 (1994); Montrose-Rafizadeh, et al.,
Diabetes, 45(Suppl. 2):152A (1996)). Exendin[9-39]
blocks endogenous GLP-I in vivo, resulting in reduced
insulin secretion (Wang, et al., J. Clin. Invest,
95:417-21 (1995); D'Alessio, et al., J. Clin. Invest,
97:133-38 (1996)). The receptor apparently responsible
for the insulinotropic effect of GLP-I has been cloned
from rat pancreatic islet cells (Thorens, B., Proc.
Natl. Acad. Sd. USA 89:8641-8645 (1992)). Exendins and
exendin[9-39] bind to the cloned GLP-I receptor (rat
pancreatic -cell GLP-I receptor: Fehmann HC, et al.,
Peptides, 15 (3): 453-6 (1994); human GLP-I receptor:
Thorens B, et al., Diabetes, 42 (11): 1678-82 (1993)).
In cells transfected with the cloned GLP-I receptor,
exendin-4 is an agonist, i.e., it increases cAMP,
while exendin[9-39] is an antagonist, i.e., it blocks
the stimulatory actions of exendin-4 and GLP-I.
Id.[00196] More particularly, exendin-4 is a 39 amino
acid C-terminal amidated peptide found in the saliva
of the GiIa Monster (Heloderma suspectum), with a 53%
amino acid sequence identity to the GLP-I peptide
sequence. See, e.g., Eng, J., et al. "Isolation and
Characterization of Exendin-4, and Exendin-3 Analogue
from Heloderma suspectum Venom," J. Bio. Chem.,
267:11, p. 7402-7405 (1992), Young, A. A., et al.,
"Glucose-Lowering and Insulin-Sensitizing Actions of
Exendin-4," Diabetes, Vol. 48, p. 1026- 1034, May,
1999. In terms of its activity, exendin-4 is a highly
specific agonist for the GLP-I receptor, and, like
GLP-I, is able to stimulate insulin secretion.
Therefore, like GLP-I, exendin-4 is regarded as an
insulinotropic peptide. [00197] However, unlike GLP-I,
exendin-4 has a relatively long half-life in humans,
because of its resistance to the dipeptidyl peptidase
IV which rapidly degrades the GLP-I sequence in vivo.
Furthermore, it has been shown that, as compared to
GLP-I, exendin-4 has a stronger capability to
stimulate insulin secretion, and that a lower
concentration of exendin-4 may be used to obtain such
stimulating activity. See, e.g., U.S. Pat. No.
5,424,286, herein incorporated by reference. Therefore



exendin-4 peptides or derivatives thereof (for
examples of such derivatives, see, e.g., U.S. Pat. No.
6,528,486, herein incorporated by reference, and its
corresponding international application WO 01/04156)
have a greater potential utility for the treatment of
conditions involving the dysregulation of insulin
levels (e.g., conditions such as diabetes) than either
insulin or GLP-I. Thus a GIP hybrid comprising an
exendin family hormone module can provide the
functions and uses associated with the exendin family
module, e.g. exendin-4, exendin tail, as discussed, in
addition to having a GIP function. [00198] Any exendin
peptide analog or derivative known in the art may be
used in conjunction with the present invention. In one
embodiment, the exendin peptide analogs and
derivatives have at least one hormonal activity of a
native exendin peptide. In certain embodiments, the
exendin peptide analogs are agonists of a receptor
which a native exendin peptide is capable of
specifically binding. [00199] Exemplary exendin
analogs include: 14Leu,25Phe-exendin-4 ~
5Ala,l4Leu,25Phe-exendin-4 14-Leu,22Ala,2
Phe-exendin-4 [0020O]As known in the art, such exendin
analogs are preferably amidated, but within the
context of the present invention, may optionally be in
the acid form unless otherwise specified. [00201]
Additional exemplary exendin analogs and derivatives
are described in PCT Application Serial No.
PCT/US98/16387 filed Aug. 6, 1998, entitled "Novel
Exendin Agonist Compounds," which claims the benefit
of U.S. patent application Ser. No. 60/055,404, filed
Aug. 8, 1997, both of which are herein incorporated by
reference. Other exendin analogs and derivatives are
described in PCT Application Serial No.
PCT/US98/24210, filed Nov. 13, 1998, entitled "Novel
Exendin Agonist Compounds," which claims the benefit
of U.S. Provisional Application No. 60/065,442 filed
Nov. 14, 1997, both of which are herein incorporated
by reference. Still other exendin analogs and
derivatives are described in PCT Application Serial
No. PCT/US98/24273, filed Nov. 13, 1998, entitled
"Novel Exendin Agonist Compounds," whichclaims the
benefit of U.S. Provisional Application No. 60/066,029
filed Nov. 14, 1997, both of which are herein
incorporated by reference. Still other exendin analogs
and derivatives are described in PCT Application
Serial No. PCT/US97/14199, filed Aug. 8, 1997,
entitled "Methods for Regulating Gastrointestinal
Activity," which is a continuation-in-part of U.S.
patent application Ser. No. 08/694,954 filed Aug. 8,
1996, both of which are hereby incorporated by
reference. Still other exendin analogs and derivatives
are described in PCT Application Serial No.
PCT/US98/00449, filed Jan. 7, 1998, entitled "Use of
Exendins and Agonists Thereof for the Reduction of
Food Intake," which claims priority to U.S.
Provisional Application No. 60/034,905 filed Jan. 7,
1997, both of which are hereby incorporated by
reference. Yet other exendin analogs and derivatives
are described in US 2004/0209803 Al, filed December
19, 2003, entitled "Compositions for the Treatment and
Prevention of Neuropathy," which is hereby
incorporated by reference. 1002021 Catestatin Family .
The catestatin fragment of chromogranin A is an
endogenous inhibitor of nicotinic cholinergic
transmission, functioning in negative feedback control
of catecholamine secretion. We explored naturally
occurring polymorphisms in the amino acid sequence of
catestatin. Three human variants were identified:
Gly364Ser, Pro370Leu, and Arg374Gln. [00203] Sequence
variants in human catestatin (human chromogranin
A352-372) and interspecies homologies in humans and
other mammals are shown below. Amino acids at
positions variant in human catestatin are shown in
bold type. The typical dibasic proteolytic cleavage
site at the carboxy-terminal side of catestatin is
given in brackets, [RR]. For human chromogranin A,
this [RR] site is Arg373Arg374. In further
embodiments, variants absent either or both arginines
are included. GIP hybrids containing catestatin family
members, analogs, derivatives or fragments thereof,
find use in the treatment methods of the invention.
For example, such hybrids will find use in treating
cardiovascular diseases and conditions as discussed
herein, including hypertension and congestive heart
failure and related conditions. Combined with an
active GIP hormone module, the compounds will find use
in the critical care conditions described herein.
Catestatin species variants include: Mouse
RSMRLSFRTRGYGFRDPGLQL[RR] CGA364-384 Rat
RSMRLSFRARGYGFRDPGLQL[RR] CGA367-387 Cow
RSMRLSFRARGYGFRGPGLQL[RR] CGA344-364 Pig
RSMRLSFRAPAYGFRGPGLQL[RR] CGA343-363 Horse
RSMKLSFRARAYGFRGPGLQL[RR] CGA343-363 Chimp
SSMKLSFRARAYGFRGPGPQL[RR] CGA354-374 Human Wild-type
SSMKLSFRARAYGFRGPGPQL[RR] CGA352-372 Variant
SSMKLSFRARAYSFRGPGPQL[RR]Variant
SSMKLSFRARAYGFRGPGLQL[RR] Variant
SSMKLSFRARAYGFRGPGPQL[RQ] [002041 Natriuretic Peptides
. Natriuretic peptides are a family of hormones that
consist of atrial natriuretic peptide (ANP), brain
natriuretic peptide (BNP), and C-type natriuretic
peptide (CNP). They are synthesized and stored as 3
distinct precursor prohormones, which are the 126
amino acid ANP, 108 amino acid BNP, and 104 amino acid
CNP. They are each encoded by separate genes and have
distinct sites of synthesis and mechanisms of
regulation. Parental natriuretic peptide sequences
include: [00205] The main site of synthesis of the ANP
prohormone is the atrial myocyte where it is
synthesized as a 151-amino acid preprohormone. Removal
of a 25-amino acid signal peptide from its N terminal
end occurs in the endoplasmic reticulum, leaving a
126-amino acid ANP prohopnone (ProANP), the main
storage form of ANP within the heart. The prohormone
consists of 4 biologically active peptide segments:
amino acids 1-30 (ProANF 1-30, also known as long
acting Na stimulator), 31-67 (ProANF 31- 67, also
known as vessel dilator), 79-98 (ProANF 79-98, also
known as potassium excreter), and 99-126 (ANF, also
known as atrial natriuretic factor). [00206]BNP was
originally isolated from porcine brain but in humans
it is synthesized and secreted from the left
ventricle. Sequence analysis reveals that preproBNP
consists of 134 residues and is cleaved to a 108-amino
acid ProBNP. Cleavage of a 32-amino acid sequence from
the C-terminal end of ProBNP results in human BNP
(77-108), which is the physiologically active form in
plasma. [00207] CNP is the third member of the
natriuretic peptide system and is primarily found in
human vascular endothelial cells, kidney, and porcine
brain. High concentrations of CNP are also found in
humanhypothalamus and midbrain. In humans, preproCNP
is a 126-amino acid precursor processed into proCNP by
cleavage of 23 residues from its N-terminal end. This
23-amino acid sequence serves as a signal peptide. The
terminal 22 (105-126) amino acids are cleaved from
proCNP to yield a biologically 



active form of CNP. [00208] Urodilatin is a
kidney-derived member of the natriuretic peptide
family and is formed from the same ANP prohormone and
consists of amino acids 95-126. Except for the 4 amino
acid N terminal extension, it is identical to ANF
(99-126). Urodilatin appears to be an important
regulator of sodium and water handling in the kidney,
as well as a mediator of sodium excretion in patients
with congestive heart failure (CHF).
[00209]Natriuretic peptides exert their biologic
effects by binding to high-affinity receptors on the
surface of target cells. Three subtypes of NPRs-
NPR-A, NPR-B, and NPRC- have been isolated.
Consequently, in one embodiment is provided a method
to screen hybrids for natriuretic receptor binding
and/or activation. Natriuretic peptides including
prohormone variants can impart numerous natriuretic
peptide hormone activities to hybrids of the
invention. In other embodiments of interest are
natriuretic antagonist hybrids. Natriuresis is the
excretion of an excessively large amount of sodium
into the urine. Natriuresis is similar to diuresis
(the excretion of an unusually large quantity of
urine), except that in natriuresis the urine is
exceptionally salty. Natriuresis occurs with some
diuretics and diseases (as of the adrenal) and can
lead to the salt-losing syndrome characterized by
dehydration, vomiting, low blood pressure, and the
risk of sudden death. Exogenous administration of the
4 independent circulating peptides of the ANP
prohormone (1-30, 31-67, 79-98, and 99-126) produce in
vivo vasodilation, diuresis, suppression of the
renin-angiotensin-aldosterone system and enhanced
natriuresis and/or kaliuresis. ProANF 1-30, ProANF
31-67 and ANF 99-126 each have natriuretic, blood
pressure lowering and diuretic properties with ProANF
31-67 and ANF 99-126 having the greatest impact on
blood pressure. There are varying effects of the ANP
peptides on potassium homeostasis: ProANF 79-98
stimulates potassium excretion, whereas ProANF 31-67
spares potassium loss by inhibiting Na/K ATPase in the
medullary collecting duct cells. Specific to ANF
99-126 is a dose-dependent inhibition of angiotensin
IImediated aldosterone secretion, whereas proANF 31-67
has the property of inducing natriuresis through
generation of prostaglandin. [0021O]BNP produces
similar biologic effects as ANF in normal humans.
Infusions of BNP in normal men produced a 2-fold
increase in sodium excretion, 50% reduction in plasma
renin, angiotensin II and aldosterone secretion as
well as a reduction in plasma volume. [0021I]CNP
induces cardiovascular effects similar to the other
natriuretic peptides but does not appear to mediate
any renal effects. When CNP is infused in anesthetized
dogs at equivalent doses of ANF, plasmacGMP rose with
a concomitant reduction in mean arterial pressure,
right atrial pressure and cardiac output, but
glomerular filtration rate, renal blood flow and
sodium excretion decreased. [00212]Natriuretic
peptides can provide therapeutic benefit in heart
failure. Congestive heart failure (CHF) is associated
with increases in vasopressin, endothelin, and with
activation of the reninangiotensin- aldosterone
system, and sympathetic nervous systems, mediating
vasoconstriction, sodium and water retention, and
negative vascular and cardiac remodeling. These
effects occur despite the elevated levels of the
natriuretic peptides in patients with heart failure. i
one embodiment of the invention are hybrids that
provide increased or therapeutic serum levels of
natriuretic peptide activity for treatment or
prevention of cardiac related diseases and conditions,
including CHF. Although ANF infusion in normal
individuals can result in a sustained increase in
sodium excretion and urine flow rates, in the heart
failure patient a marked beneficial reduction in renal
response can be obtained. BNP infusion markedly
increases sodium excretion in patients with heart
failure and exerts significant beneficial hemodynamic
effects. As compared with ANP, the diuretic and
natriuretic effects of BNP are significantly greater.
BNP is cleared more slowly than ANP and exerts other
effects including suppressing aldosterone secretion
and increasing serum levels of ANP. BNP peptides can
also provide a beneficial decrease in pulmonary
capillary wedge pressure, systemic vascular
resistance, right atrial pressure and systolic blood .
pressure, with an increase in cardiac index in
patients hospitalized for symptomatic CHF. In patients
with decompensated heart failure, natriuretic peptide
hybrids can provide a beneficial decrease in pulmonary
capillary wedge pressure and an improved dyspnea
score. (Dyspnea is an unpleasant sensation of
difficulty in breathing, typically associated with
early stages of cardiac heart failure.) The hybrids
containing one, two or three natriuretic hormone
functions provide methods of administration of
pharmaceutically active compositions that are useful
for both the prophylactic and therapeutic treatment of
CHF patients, preferably CHF patients that are
decompensated, patients with chronic CHF, and patients
with hypertension. The natriuretic portion(s) of a
hybrid is sufficient to provide a therapeutically
effective amount of a natriurertic peptide to such
patient when administered in a therapeutically
effective dose over a therapeutically effective
period. [00213]As discussed herein any of the family
of therapeutically effective natriuretic peptides or
their analogs can be used. Useful natriuretic peptides
include, for example, atrial natriuretic peptide
(ANP), brain natriuretic peptide (BNP or B-type
natriuretic peptide) and C-type natriuretic peptide
(CNP). Sequences of useful forms of natriuretic
peptides are disclosed in U.S. Patent Publication
20010027181, which is incorporated herein by
reference. Examples of ANPs include human ANP (Kangawa
et al., BBRC 118:131 (1984)) or that from various
species, including pig and rat ANP (Kangawa et al.,
BBRC 121:585 (1984)). Such ANPs comprise 28 amino
acids. Such ANPs may be administered as a peptide
having a ring structure of ANP (formation of a
disulfide bond based on Cys), and a C- terminal
portion succeeding the ring structure. An example of
such a peptide is a peptide having amino acid residues
at the 7-position to the 28-position of ANP is
provided in U.S. Patent Application Publication
No.20010027181. Another example is frog ANP. Specific
examples of BNPs that can be used in the methods of
the invention include human BNP (hBNP). Human BNP
comprises 32 amino acids and involves the formation of
a disulfide bond (Sudoh et al, BBRC 159:1420 (1989))
and U.S. Pat. Nos. 5,114,923, 5,674,710, 5,674,710,
and 5,948,761, each of which is incorporated by
reference. Various BNP's of origin other than human,
including as pig BNP and rat BNP, are also known, and
can be used. A further example is chicken BNP.
Examples of CNPs that can be used in the methods of
the invention include pig CNP. Pig CNP comprises 22
amino acids and involves the formation of a disulfide
bond, like the above- described ANP and BNP (Sudoh et
al., BBRC 168:863 (1990)) (human and rat have the same
amino acid sequence), chicken CNP (Arimura et al.,
BBRC 174:142 (1991)). Frog CNP (Yoshihara et al., BBRC
173:591 (1990) can also be used. As discussed herein,
one skilled in the art can apply modifications, such
as a deletion, substitution, addition or insertion,
and/or chemical modification to amino acid residues in
the amino acid sequence of a known natriuretic peptide
as desired, by known methods. The resulting compound
has the activity of acting on a receptor of the
starting ANP, BNP or CNP. Analogs having this
activity, therefore, are included in the hybrids for
use in accordance with the 



methods of the present invention. [00214] In another
embodiment, the hybrids containing one or more
natriuretic functions can be used in treating
hypertension. In one embodiment a natriuretic hybrid
will have no deleterious effect on heart rate and is
not associated with arrhythmias. In one embodiment the
hybrid will comprise at least one, two or three
natriuretic peptide functions, for example, both ANP
and BNP activity. One or more natriuretic hormone
functions can be combined with any other hormone
function or peptidic enhancer, as described herein. In
another embodiment the natriuretic rortion(s) is a
more stable analog having an extended in vivo
half-life when compared with that of a native
natriuretic peptide. Analogs that prevent undesirable
cleavage by endogenous enzymes such as NEP are also
envisioned. The natriuretic containing hybrids are
also further directed to hypertension reduction,
diuresis inducement, natriuresis inducement, vascular
conduct dilatation or relaxation, natriuretic peptide
receptors (such as NPR-A) binding, renin secretion
suppression from the kidney, aldosterone secretion
suppression from the adrenal gland, treatment of
cardiovascular diseases and disorders, reducing,
stopping or reversing cardiac remodeling in congestive
heart failure, treatment of renal diseases and
disorders; treatment or prevention of ischemic stroke,
and treatment of asthma. Hybrids can be administered
to patients that would benefit from inducing
natriuresis, diuresis and vasodilatation. Hybrids can
be administered alone or in combination with one or
more of the following types of compounds: ACE
inhibitors, beta-blockers, diuretics, spironolactone,
digoxin, anticoagulation and antiplatelet agents, and
angiotensin receptor blockers. Additional diseases or
conditions include renal disorders and diseases,
asthma, hypertension and pulmonary hypertension.
Hybrids are also useful to treat inflammatory-related
diseases, erectile dysfunction and
hypercholesterolemia. Peptide Module Selection
Considerations, Spacers, and Linking Groups.[00215]
The GIP hybrid polypeptides of the present invention
generally comprise at least two bio-active peptide
hormone modules of the invention, wherein at least one
of the bio-active peptide hopnone modules, typically a
GIP module, exhibits at least one hormonal activity.
Within the context of the present invention, at least
one of the bio-active peptide hormone modules will be
comprised from a GIP peptide hormone, analog,
derivative, fragment, or peptidic enhancer. The
bio-active peptide hormone module that exhibits the at
least one hormonal activity may be located at the
N-terminal end of the hybrid polypeptide, the
C-terminal end of the hybrid polypeptide, or in the
event that the hybrid polypeptide comprises more than
two bio-active peptide hormone modules, may be located
in the internal portion of the hybrid polypeptide.
[00216] In certain embodiments, it may be preferable
to locate the bio-active peptide hormone module
exhibiting the at least one hormonal activity such
that the C-terminal end of the bio-active peptide
hormone module is amidated. Amidation of the
C-terminal end of the bio-active peptide hormone
module may be accomplished by locating the module at
the C-terminal end of the hybrid peptide, or by
configuring the module in the
C-terrninal-to-N-terminal direction at the N-terminal
end of the hybrid polypeptide, hi both configurations,
the C-terminal end of the bio-active peptide hormone
module is available for amidation. Specific component
peptide hormones where C-terminal amidation may
preferably include amylin family peptide hormones,
CCK, PYY, hGLP-l(7-36) and hGLP-2. Specific component
peptide hormones where C-terminal amidation is not
necessarily exemplary (stated otherwise, where
elongation at the C-terminal end of the module is
easily tolerated) include exendin-4, exendin-4(l- 28),
GIP, GLP-l(7-37), frog GLP-l(7-36), and frog GLP-2.
However, if these component peptide hormones are
located at the C-terminal end of the hybrid
polypeptide, they may still be optionally amidated,
and in fact may preferably be optionally amidated.
[00217] The bio-active peptide hormone modules may be
covalently linked in any manner known in the art.
Stable linkages may be used, or cleavable linkage may
be used. In one embodiment, the carboxy of a first
module may be directly linked to the amino of a second
module. In another embodiment, linking groups may be
used to attached modules. Further, if desired, spacers
or turn inducers known in the art may be employed to
stabilize the linkage. By way of example, where
amidation of the C-terminal end of the N-terminally
located bio-active peptide hormone module is not
desired, the module may be attached to a second module
directly, or using any appropriate linking group known
in the art, such as, an alkyl; PEG; amino acid, e.g.,
Lys, GIu, beta-Ala; polyaminoacids, e.g., poly-his,
poly-arg, poly-lys, poly-ala, Gly-Lys- Arg (GKR) etc.;
bifunctional linker (see, e.g., Pierce catalog,
Rockford, II); aminocaproyl ("Aca"), betaalanyl,
8-amino-3,6-dioxaoctanoyl, or other cleavable and
non-cleavable linker known in the art. Specifically
described herein, as if each were explicitly drawn,
are embodiments of specific hybrids in which the
linker in each exemplified linker-containing hybrid is
replaced by a GIy linker, particularly embodiments
where the GIy linker is Gly-Gly-Gly. As an example,
for exemplifiedYAEGTFISDYSIAMDKIRQQDFVNWLLAQK-Linker-
KCNTATCVLGRLSQELHRLQTYPRTNTGSETF (see tables herein)
its GIy linker species analog is also specifically
intended and disclosed: this species is
YAEGTFISDYSIAMDKIRQQDFVNWLLAQKGly-
Gly-Gly-KCNTATCVLGRLSQELHRLQTYPRTNTGSETF. In one
embodiment a linker or spacer is 1 to 30 residues
long, in another embodiment 2 to 30 residues, and in
yet another 3-30 residues long, and any integer length
from 2 to 30 inclusive; each integer unit is
contemplated, e.g. 2, 3, 4, 5, 6, 7, etc. In one
embodiment a GIy linker is used, and in a particular
embodiment a three residue linker Gly-Gly- GIy.
[00218] In one embodiment as discussed herein the GIP
is attached to the second bio-active hormone module in
a C-terminus to C-terminus orientation. The C-terminus
of a GIP is linked to the C-terminus of a second
bio-active hormone module, optionally with a linker.
Orthogonal chemistries can be used to ligate
functionalized peptide modules, optionally with
linkers as described herein. For example, native
chemical ligation chemistries can be used. As shown
below, where R is a good leaving group, a hybrid can
be generated with a Cys-Lys linkage: [00219] [00220]
In a further example the hybrid can be prepared using
functionalized modules: [00221] to generate:[00222]
Using a a similar approach, a hybrid having a lysine
linker can be created: [00223] Of particular interest
are GIP-exendin family hybrids that are linked
C-terminus to C-terminus, keeping their respective
receptor activation N-termini unhindered. The receptor
activation regions of both molecules are pesent in
such hybrids, for example using any of the GIP and the
exendin and GLPl family peptides and analogs, active
fragments and derivatives herein. For example a
dAla(2)-GIP(l-30) analog can be linked to exendin-4,
in a tail to tail manner, via suitable linking
chemistry. [00224] Further, as will be recognized by
those of skill in the art, the peptides of the
invention may be Cterminally 



amidated, or may exist as a free acid. In an exemplary
embodiment the peptides of the invention are
C-terminally amidated. Where amidation of the
C-terminal end of N-terrninally located bioactive
peptide hormone module is desired, the module may
again be attached to a second module usingany
appropriate linking group known in the art. More
specifically, in the event that a bio-active peptide
hormone module exhibiting at least one hormonal
activity has been configured in the
C-terminal-to-Nterminal orientation, resulting in an
amino to amino linkage, exemplary linking groups
include dicarboxylic acids, alkyls, PEGs, and amino
acids such as Lys, Cys, and GIu. [00225]As mentioned
above, the hybrid polypeptides may also preferably
include spacer to further stablize the linkage of the
bio-active peptide hormone modules. Any spacer or rum
inducer known in the art may be used. By way of
example, referred beta-turn mimetics include mimic A
and mimic B illustrated herein, also Ala-Aib and
Ala-Pro dipeptides. Their IUPAC names are Mimic A:
N-(3S,6S,9S)-
2-oxo-3-amino-l-azabicyclo[4.3.0]-nonane-9-carboxylic
acid. Mimic B: N-(3S,6S,9R)-2-oxo-3-amino- 7-thia-l
-azabicyclo[4.3 .0]-nonane-9-carboxylic acid. [00226]
[00227]By agonist is meant a compound which elicits a
biological activity of native human hormone. In a
exemplary embodiment, the terms refer to a compound
which elicits a biological effect in glucose lowering
or other activity of native human GIP. Novel GIP
analogs for example have activity in a glucose
lowering assay, gastric secretion inhibition assay,
dP/dt assay, blood pressure assay, insulin secretion
assay, bone density assay, or plasma stability assay,
preferably similar to or better than native human GIP
and/or which binds specifically in a GIP receptor
assay or in a competitive binding assay with labeled
GIP. Preferably, the agonists will bind in such assays
with an affinity of greater than 1 mM, and more
preferably with an affinity of greater than 1-5 nM. In
another embodiment the agonist (or antagonist as the
case may be) IC50 will be less than or about 100
micromolar, less than or about 50 micromolar, less
than about 20 micromolar, and less than or about 10
micromolar. Such agonists may comprise a polypeptide
having a GIP sequence with a Tip-cage motif (e.g.
exendin tail PSSGAPS or variant). [00228]By "amino
acid" and "amino acid residue" is meant natural amino
acids, unnatural amino acids, and modified amino acid.
Unless stated to the contrary, any reference to an
amino acid, generally or specifically by name,
includes reference to both the D and the L
stereoisomers if their structure allow such
stereoisomeric forms. Natural amino acids include
alanine (Ala), arginine (Arg), asparagine (Asn),
aspartic acid (Asp), cysteine (Cys), glutamine (GIn),
glutamic acid (GIu), glycine (GIy), histidine (His),
isoleucine (He), leucine (Leu), Lysine (Lys),
methionine (Met), phenylalanine (Phe), proline (Pro),
serine (Ser), threonine (Thr), tryptophan (Trp),
tyrosine (Tyr) and valine (VaI). Unnatural amino acids
include, but are not limited to homolysine,
homoarginine, azetidinecarboxylic acid, 2-aminoadiric
acid, 3- aminoadipic acid, beta-alanine,
aminopropionic acid, 2-aminobutyric acid,
4-aminobutyric acid, 6- aminocaproic acid,
2-aminoheptanoic acid, 2-aminoisobutyric acid,
3-aminoisbutyric acid, 2-aminopimelic acid,
tertiary-butylglycine, 2,4-diaminoisobutyric acid,
desmosine, 2,2'-diaminopimelic acid,
2,3-diarainopropionic acid, N-ethylglycine,
N-ethylasparagine, homoproline, hydroxylysine,
allohydroxylysine, 3-hydroxyproline, 4-hydroxyproline,
isodesmosine, allo-isoleucine, N-methylalanine,
Nmethylglycine, N-methylisoleucine,
N-methylpentylglycine, N-methylvaline, naphthalanine,
norvaline, norleucine, ornithine, pentylglycine,
pipecolic acid, thioproline, sarcosine and citrulline.
Additional unnatural amino acids include modified
amino acid residues which are chemically blocked,
reversibly or irreversibly, or chemically modified on
their N-terminal amino group or their side chain
groups, as for example, N-methylated D and L amino
acids or residues wherein the side chain functional
groups are chemically modified to another functional
group. For example, modified amino acids include
methionine sulfoxide; methionine sulfone; aspartic
acid- (beta-methyl ester), a modified amino acid of
aspartic acid; N-ethylglycine, a modified amino acid
of glycine; or alanine carboxamide, a modified amino
acid of alanine. Additional residues that can be
incorporated are described in Sandberg et al., J. Med.
Chem. 41: 2481-91, 1998. [00229]By "Alix" is meant
6-amino hexanoic acid. As used herein: "5 Apa" means 5
amino-pentanoyl, "12 Ado" means 12-amino dodecanoyl,
"PEG(8)" mean 3,6,-dioxyoctanoyl, and "PEG(13)" means
1- amino-4,7,10-trioxa-13-tridecanamine succinimoyl.
In addition are the following abbreviations: "ACN" or
"CH3CN" refers to acetonitrile. "Boc", "tBoc" or
"Tboc" refers to t-butoxy carbonyl. "DCU" refers to N
N'-dicyclohexylcarbodiimide. "Fmoc" refers to
fluorenylmethoxycarbonyl. "HBTU" refers to
2-(1Hbenzotriazol- l-yl)-l,l,3,3,-tetramethyluronium
hexaflurophosphate. "HOBt" refers to 1-
hydroxybenzotriazole monohydrate. "HomoP" or "HPro"
refers to homoproline. "MeAIa" or "Nme" refers to
N-methylalanine. "Naph" refers to naphthylalanine.
"pG" or "pGly" refers to pentylglycine. "tBuG" refers
to tertiary-butylglycine. "ThioP" or "tPro" refers to
thioproline. "3Hyp" refers to 3- hydroxyproline.
"4Hyp" refers to 4-hydroxyproline. "NAG" refers to
N-alkylglycine. "NAPG" refers to N-alkylpentylglycine.
"Nerval" refers to norvaline. "Norleu" refers to
norleucine. "OctGly" refers to octyl-glycine in which
the gl;ycine amino acid side group H is replaced with
an eight carbon saturated aliphatic chain. Further
Exemplary Combinations and Specific Embodiments.
[00230] Exemplary combinations of bio-active peptide
hormone modules to form the GIP hybrid polypeptides of
the invention include combinations of two or more
bio-active peptide hormone modules selected from:
native peptide hormones, analogs and derivatives of
peptide hormones that exhibit at least one hormonal
activity, fragments of native peptide hormones that
exhibit at least one hormonal activity, fragments of
analogs and derivatives of peptides hormones that
exhibit at least one hormonal activity, and peptidic
enhancers, with the proviso that at least one module
exhibit at least one hormonal activity. [00231] The
hybrid polypeptides of the invention will include at
least two bio-active peptide hormone modules, wherein
at least one module is comprised from a GIP peptide
hormone, analog, derivative,fragment or peptidic
enhancer. In one embodiment, at least two of the
component peptide hormones are from different peptide
hormone families, e.g., the amylin family, CCK, the
leptin family, PPF, the proglucagon family, the
natriuretic peptide family, and the exendin family.
For example, a GIP hybrid can comprise a GIP portion,
with or without a tail sequence, combined with a
bio-active module that comprises two or more hormone
modules (a non-GIP hormone hybrid) such as an
exendin-amylin/sCT hybrid or a homone chimera such as
an amylin-sCT chimera. [00232] In certain embodiments,
the hybrid polypeptides of the invention may comprise
two or more modules that exhibit at least one hormonal
activity. For instance, the hybrid polypeptide may
comprise a fragment of a first peptide hormone or
analog that exhibits at least one hormonal activity
covalently, linked to a fragment of at least one
additional peptide hormone analog. The additional
fragment(s) may optionally exhibit at least one
hormonal activity. The first peptide hormone may be
the same or different 



from the additional peptide hormone(s), with the
proviso that at least one of the additional peptide
hormones are different from the first peptide hormone,
and the first hormonal activity may be the same or
different from the optional additional hormonal
activity. [00233] In other embodiments, the hybrid
polypeptides of the invention may comprise one or more
modules that exhibit at least one hormonal activity in
combination with one or more peptidic enhancer
modules. For instance, a fragment of a first peptide
hormone that exhibits a at least one hormonal activity
may be covalently linked to a peptidic enhancer, or a
fragment of a first peptide hormone that exhibits at
least one hormonal activity may be covalently linked
to a second peptide hormone that exhibits at least one
hormonal activity, which is in turn linked to a
peptidic enhancer. Alternatively, a peptidic enhancer
may be located between two peptide hormone modules as
a stabilizing spacer. Again, the first peptide hormone
may be the same or different from the second peptide
hormone, and the first hormonal activity may be the
same or different from the second hormonal activity.
[00234] In another embodiment, the hybrid polypeptides
of the invention may comprise two, three, four, or
more bio-active peptide hormone modules. Exemplary
combinations include a module with a hormonal activity
in combination with one, two, or three peptidic
enhancers; two modules with a hormonal activity in
combination with one or two peptidic enhancers; three
modules with a hormonal activity in combination with
one peptidic enhancer, etc. [00235] The component
peptide hormones are preferably selected from amylin,
adrenomedullin, calcitonin, calcitonin gene related
peptide, intermedin, cholecystokinin, leptin peptide
YY, glucagon-like peptide-1, glucagon-like peptide 2,
oxyntomodulin, ANP, BNP, CNP, urodilatin, GIP, GLPl or
exendin- 4.[00236] More particularly, exemplary module
combinations include those involving combinations of
at least GIP and amylin (and/or sCT), BNP, CGRP, CT,
CCK, leptin, PYY, GLPl, and exendin-4. [00237] In
exemplary embodiments, a first module comprising a GIP
peptide is linked to a second bioactive peptide
hormone module comprising an amylin peptide that
exhibits at least one hormonal activity. In another
embodiment, the second module is further linked to a
third bio-active peptide hormone module comprising a
calcitonin peptide that exhibits at least one hormonal
activity. In yet another embodiment, the third module
may be further linked to a fourth bio-active peptide
hormone module comprising a peptidic enhancer selected
from amylin peptides. In one embodiment, the first
module may be located at the C-terminal end of the
hybrid polypeptide. Alternatively, the first module
may be located at the Nterminal end of the hybrid
polypeptide. In certain embodiments, spacers or
linkers such as betaAla or GIy may be inserted if
desired to link the modules. [00238] Exemplary
exendin-4 peptides include: exendin-4,
exendin-4(l-27), exendin-4(l-28), 14Leu,25Pheexendin-
4(l-28), and 5Ala,14Leu,25Phe-exendin-4(l-28). Also
useful are exendin(7-15) and its Ser2 analog,
HSEGTFTSD (SEQ ID NO. ). Exemplary amylin peptides
that exhibit at least one hormonal activity include
amylin, amylin fragments such as amylin(l-17), amylin
(1-16), amylin(l-15), and amylin(l-7), and amylin
analogs such as pramlintide, 2Ala-h-amylin, 2
7Ala-h-amylin, and fragments thereof. Exemplary
calcitonin peptides that exhibit at least one hormonal
activity sCT, sCT fragments such as sCT(8-10),
sCT(8-27), and, and calcitonin analogs such as n
'18Arg-sCT, 18Arg-sCT, 14Glu,18ArgsCT, 14GIu,11 l
sArg- sCT, and fragments thereof. Exemplary amylin
peptidic enhancers include amylin(32-37),
amylin(33-37), and amylin(34-37), and analogs thereof.
Amylin/sCT combinations useful in connection with the
present invention include those disclosed in
PCT/US2005/004631 Amylin Family Agonist, Attorney
Docket 18528.835, which is herein incorporated by
reference. An amylin/sCT chimera particularly useful
for creating hybrids of the invention with GIP is an
amylin-sCT-amylin chimera, for example hAmylin(l-7)-
11 18Arg-sCT(8-27)-Amylin(33-37), which has the
sequence KCNTATCVLGRLSQELHRLQTYPRTNTGSNTY, and is
preferably in its C-terminal amide form and analogs
and derivatives thereof (described herein and in
PCT/US2005/00463 1). [00239] In one aspect, module
combinations include those involving a first module
comprising GIP, a fragment of GIP that exhibits at
least one hormonal activity, a GIP analog or
derivative that exhibits at least one hormonal
activity, or a fragment of an GIP analog that exhibits
at least one hormonal activity in combination with a
second module comprising CCK, a fragment of CCK that
exhibits at least one hormonal activity, a CCK analog
or derivative that exhibits at least one hormonal
activity, or a fragment of a CCK analog that exhibits
at least one hormonal activity. Exemplary CCK
compounds include: CCK- 8, and CCK-8(Phe(CH2SO3)). In
one embodiment, the first module is located at the
C-terminal end of the hybrid polypeptide and the
second module is located at the N-terminal end of the
hybrid polypeptide. Alternatively, the first module
may be located at the N-terminal end of the hybrid
polypeptide and secondlocated at the C-terminal end of
the hybrid polypeptide. In certain embodiments,
spacers or linkers such as beta-Ala or GIy may be
inserted if desired to attach the modules. [00240] In
one aspect, exemplary module combinations include
those involving a first module comprising GIP, a
fragment of GIP that exhibits at least one hormonal
activity, a GIP analog or derivative that exhibits at
least one hormonal activity, or a fragment of an GIP
analog that exhibits at least one hormonal activity in
combination a second module comprising amylin, a
fragment of amylin that exhibits at least one hormonal
activity, an amylin analog or derivative that exhibits
at least one hormonal activity, or a fragment of an
amylin analog that exhibits at least one hormonal
activity. The amylin module can be an Amylin/sCT
chimera as disclosed herein. In one embodiment, the
first module is located at the C-terminal end of the
hybrid polypeptide and the peptidic enhancer is
located at the N-terminal end of the hybrid
polypeptide. Alternatively, the first module may be
located at the N-terminal end of the hybrid
polypeptide and second located at the C-terminal end
of the hybrid polypeptide. In certain embodiments,
spacers or linkers such as betaAla or GIy may be
inserted if desired to attach the modules. [00241]Yet
other exemplary module combinations include those
involving combinations of GIP, amylin and calcitonin
as tertiary and tetra-hybrid molecules. Exemplary
combinations include GlP/amylin/calcitonin;
GIP/amylin/calcitonin/amylin; amylin/calcitonin/GIP;
and amylin/calcitonin/amylin/GIP combinations, with
and without spacers or linking groups. Each module may
independently be a peptidic enhancer or may exhibit a
hormonal activity, depending on the desired properties
of the hybrid polypeptide. [00242] In another
embodiment, one of the bio-active peptide hormone
module(s) that exhibits at least one hormonal activity
is GLP-I or an analog or fragment thereof, and a
second bio-active peptide hormone module comprises
GIP. In yet another such hybrid, the hybrid
polypeptide comprises a third bio-active peptide
hormone module. Exemplary third bio-active peptide
hormone modules include amylin (including analogs,
derivatives and fragments thereof) and amylin-sCT
chimeras, PYY (including analogs, 



derivatives and fragments thereof) and CCK (including
analogs, derivatives and fragments thereof).
[00243]Exemplary compounds of GIP-Neuromedin peptide
hybrids include YaGIP(I -30)-beta-Ala-beta-Ala-FN-38:
YAEGTFISDYSIAMDKIHQQDFVNWLLAQK-beta-Ala-beta-
Ala-FLFHYSKTQKLGKSNWEELQSPFASQSRGYFLFRPKN-NH2;
YaGIP(l-30)-beta-Ala-beta-Ala-Neuromedin(U25):
YAEGTFISDYSIAMDKIHQQDFVNWLLAQKbeta-
Ala-beta-Ala-FRVDEEFQSPFASQSRGYFLFRPRN-NH2; and
YaGIP(l-30)-beta-Ala-beta-Ala-Neuromedin(TJ-9):
YAEGTFISDYSIAMDKIHQQDFVNWLLAQKbeta-
Ala-beta-Ala-GYFLFRPRN-NH2.[00244] The
beta-Ala-beta-Ala spacer is optional, and can be
replaced with Gly-Gly-Gly, a mini-PEG group, or other
linker known in the art, particularly those described
herein. [00245] Exemplary compounds of GIP and a
natriuretic peptide include GIP-hBNP peptide hybrids,
including YaGIP(l-30)-beta-Ala-beta-Ala-hBNP where
hBNP is SPKMVQGSGCFGREMDRISSSSGLGCKVLRRH and
YaGIP(l-30)-exendin(31-39)-beta-Ala-beta- Ala-hBNP,
where hBNP is SPKMVQGSGCFGRKMDRISSSSGLGCKVLRRH. The
beta-Ala-beta-Ala spacer is optional, and can be
replaced with Gly-Gly-Gly, a mini-PEG group, or other
linker known in the art, particularly those described
herein. [00246] Embodiments include:CONTROLLED
NEEDLE-FREE TRANSPORT RELATED APPLICATION This
application is a Continuation of Attorney Docket No.
0050.2079-001 entitled "Controlled Needle-Free
Transport" filed on February 10, 2006, which claims
the benefit of U.S. Provisional Application No.
60/652,483, filed on February 11, 2005. The entire
teachings of the above application are incorporated
herein by reference. BACKGROUND OF THE INVENTION
Injection of a liquid such as a drug into a human
patient or an agriculture animal is performed in a
number of ways. One of the easiest methods for drug
delivery is through the skin, which is the outermost
protective layer of the body. It is composed of the
epidermis, including the stratum comeum, the stratum
granulosum, the stratum spinosum, and the stratum
basale, and the dermis, containing, among other
things, the capillary layer. The stratum coraeum is a
tough, scaly layer made of dead cell tissue. It
extends around 10-20 microns from the skin surface and
has no blood supply. Because of the density of this
layer of cells, moving compounds across the skin,
either into or out of the body, can be very difficult.
The current technology for delivering local
pharmaceuticals through the skin includes methods that
use needles or other skin piercing devices. Invasive
procedures, such as use of needles or lances,
effectively overcome the barrier function of the
stratum corneum. However, these methods suffer from
several major disadvantages: local skin damage,
bleeding, and risk of infection at the injection site,
and creation of contaminated needles or lances that
must be disposed of. Further, when these devices are
used to inject drugs in agriculture animals, the
needles break off from time to time and remain
embedded in the animal. Thus, it would be advantageous
to be able to inject small, precise volumes of
pharmaceuticals quickly through the skin without the
potential of a needle breaking off in the
animal.SUMMARY OF THE INVENTION Some have proposed
using needle-free devices to effectively deliver drugs
to a biological body. For example, in some of these
proposed devices, pressurized gas is used to expel a
drug from a chamber into the body. In another device,
a cocked spring is released which then imparts a force
on a chamber to expel the drug. In these types of
devices, however, the pressure applied to the drug
decreases as the gas expands or the spring extends. It
is desirable, however, for the injection pressure to
remain substantially the same or even increase during
the injection period. Examples of needleless injection
devices are described in U.S. Patent No. 6,939,323,
entitled "Needleless Injector" and U.S. Application
Serial No. 10/657,734, filed on September 8, 2003 and
entitled "Needleless Drug Injection Device" both
incorporated herein by reference in their entireties.
Other needle-free injection devices are either
controllable in a very limited sense (e.g., gas
discharge actuators or spring actuators) or are
controllable in a feedforward sense (e.g., shaped
memory materials, such as a nickel-titanium alloy
known as Nitinol) -an injection profile being
determined a priori and fed forward to a pressure
actuator prior to injection. In accordance with
aspects of the invention, a servo-controlled
needle-free transfer device transfers a substance
across a surface of a biological body. The device
includes an actuator capable of generating a
high-speed, high-pressure pulse that is both
controllable and highly predictable. The device can be
combined with a servo-controller receiving inputs from
one or more sensors. Beneficially, the transfer device
can adjust or tailor the pressure profile of a
transfer in real-time. That is, the transfer device
can adjust a pressure profile of the transfer during
the course of the transfer responsive to a physical
property also sensed during the course of the
transfer. The servo-controlled needle-free injector
provides for the injection of a formulation into an
animal that is dynamically controlled, or tailored in
real-time according to requirements of a particular
animal and/or other local environmental factors. Such
control allows for a single injection device to
deliver controlled injection of a formulation
responsive to other conditions and requirements
byadjusting injection pressure responsive to local
thickness of the skin and/or other environmental
factors, such as temperature. In one aspect of the
invention, a needle-free, transdermal transfer device
includes a reservoir for storing the substance; a
nozzle in fluid communication with the reservoir; and
a controllable electromagnetic actuator in
communication with the 



reservoir. The electromagnetic actuator includes a
stationary magnet assembly providing a magnetic field
and a coil assembly slidably disposed with respect to
the magnet assembly. The coil assembly receives an
electrical input and generates in response a force
proportional to the received input. The force results
from interaction of an electrical current, induced in
the coil assembly by the electrical input, and the
magnetic field. The force can be used for needle-free
transfer of the substance between the reservoir and
the biological body. Thus, a Lorentz force drive
transfers a substance, such as fluid, across the
surface of the body. The needle-free transfer is also
variable, responsive to variations in the received
input during the course of an actuation. Needle-free
drug injection apparatus and methods described herein
use a specially-configured electromagnetic actuator in
combination with one or more nozzles to effectively
inject a drug through an animal's skin to a selected
depth without first piercing the skin with a lance or
needle. The same device can also be used to collect a
sample from the animal. The controllable
electromagnetic actuator is bi-directional, being
capable of generating a positive force responsive to a
first electrical input and a negative force responsive
to a second electrical input. The electromagnetic
actuator forces the substance through a nozzle,
producing a jet having sufficient velocity to pierce
the surface of the biological body. For example, in
some embodiments, the substance is expelled through
the nozzle with an injection velocity of at least
about 100 meters per second. The force and nozzle can
also be controlled to produce an injection to a
desired depth. The electrical input signal can be
provided by a rechargeable power source. In some
embodiments, the controllable electromagnetic actuator
itself is adapted to recharge the rechargeable power
source. The device also includes a controller in
electrical communication with the controllable
electromagnetic actuator. The device may further
include at least onesensor in electrical communication
with the controller, the sensor sensing a physical
property and the controller generating the electrical
input responsive to the sensed physical property. For
example, the sensed property may be one or more of
position, force, pressure, current, and voltage. The
controller may include a processor that contributes to
the generation of an electrical input. The device
optionally includes an analyzer adapted to analyze a
sample collected from the body. The controller can be
adapted to provide an electrical input responsive to
the analyzed sample. In some embodiments, a remote
communications interface is also provided in
electrical communication with the controller. In this
configuration, the controller can generate the
electrical input responsive to a communication
received through the remote communications interface.
The device can be configured as a multi-shot device
capable of providing several independent needle-free
transfers. Beneficially, these needle-free transfers
may occur in rapid succession. This configuration
supports treatment of a substantial surface area by
administering multiple transfers that are spaced apart
across the surface. The electromagnetic actuator may
include a magnet assembly providing a magnetic field.
The magnet assembly is generally fixed in position
relative to the nozzle. The actuator also includes an
electrically conducting coil assembly of at least one
turn carrying an electrical current related to the
electrical input. The coil assembly is slidably
disposed with respect to the magnet assembly. A
current produced within the coil assembly interacts
with the magnetic field to produce a force responsive
to the direction and magnitudes of the electrical
current and the magnetic field. Preferably, the
magnetic field is radially directed with respect to
the coil. The mechanical force is applied to a
reservoir coupled at one end to a nozzle, producing a
pressure within the reservoir. The magnitude of the
pressure varies according to the mechanical force and
causes transfer of a substance across the surface of
the biological body between the biological body and
the reservoir. Beneficially, the applied force can be
bi-directional, producing with the same actuator a
positive pressure and a negative pressure or vacuum.
Additionally, theapplied mechanical force can be
varied during the course of an actuation cycle by
varying the electrical input. In some embodiments, the
rise-time associated with producing the generated
force is about 5 milliseconds or less. The resulting
force and stroke provided by the actuator are
sufficient in magnitude and duration to transfer a
volume of up to at least about 300 micro liters of
substance. The compact size and power requirements of
the actuator support a portable, hand-held unit
including a reservoir, nozzle, power source, and the
controllable electrical actuator. A method of treating
a disease using the device includes first piercing a
surface of a biological body with a needle-free
transdermal transport device. The needle-free device
then collects a sample from the biological body by
creating a vacuum within the reservoir to suck a
sample or bolus from the body into the reservoir. A
dosage of an active compound is next determined
responsive to the collected sample. The needle-free
device injects the determined dosage of active
compound into the biological body. For example, a
sample of blood is extracted from a patient. The
sample is analyzed to determine a blood sugar level.
The determined value is then used to calculate a
dosage of insulin for the patient, the dosage being
administered by controlling the electrical input to
the device. Collecting a sample may include injecting
a first substance, such as a saline solution. A sample
is then collected and re-injected using the same
needle-free device. The sample re-injection process
can be repeated multiple times to achieve a 



suitable bolus of interstitial fluid from the body. In
another aspect of the invention, a linear
electromagnetic actuator includes a stationary magnet
assembly providing a magnetic field and a coil
receiving an electrical input. The coii is slidably
disposed with respect to the magnet assembly. The
device also includes a bearing that is slidably
engaged with at least a portion of the coil. Linear
movement of the coil responsive to a force generated
by interaction of the electrical input within the coil
and the magnetic field is facilitated by the bearing.
Although the invention is described herein in the
context of needle-free transfers, one or more of the
concepts described herein can also be combined with
aneedle to accomplish transfer of a substance across
the surface of a body, the surface being pierced first
by the needle. BRIEF DESCRIPTION OF THE DRAWINGS The
foregoing and other objects, features and advantages
of the invention will be apparent from the following
more particular description of preferred embodiments
of the invention, as illustrated in the accompanying
drawings in which like reference characters refer to
the same parts throughout the different views. The
drawings are not necessarily to scale, emphasis
instead being placed upon illustrating the principles
of the invention. FIG. 1 is a schematic block diagram
of one embodiment of a controllable, needle-free
transdermal transfer device; FIGS. 2A and 2B are
cross-sectional diagrams of one embodiment of a
controllable electromagnetic actuator usable with the
device of FIG. 1, respectively shown in an extended
and retracted configuration; FIG. 3A is a graph
depicting a current-versus-time profile of an
exemplary electrical input to the controllable
electromagnetic actuator of FIG. 2A; FIG. 3B is a
graph depicting a pressure-versus-time profile of an
exemplary pressure generated within a reservoir used
in the transfer of a substance, the pressure being
generated by the controllable electromagnetic actuator
responsive to the electrical input of FIG. 3A; FIG. 4
is a partial cut-away perspective diagram of an
embodiment of a controllable needle-free transdermal
transfer device; FIG. 5 is a partial cut-away
perspective diagram of an alternative embodiment of a
controllable needle-free transdermal transfer device;
FIG. 6 is a more detailed partial cut-away perspective
diagram of the controllable electromagnetic actuator
provided in the device of FIG. 5 coupled to a syringe;
FIG. 7 is a rear perspective diagram of an embodiment
of the controllable electromagnetic actuator provided
in the device of FIG. 5 coupled to a syringe;FIGS. 8A
and 8B are schematic block diagrams of a needle-free
transdermal transport device providing a sampling and
analysis capability, respectively shown in the
sampling and injection configurations; FIG. 9A is a
flow diagram depicting an embodiment of a needle-free
sample, analyze, and inject process; FIG. 9B is a more
detailed flow diagram depicting an embodiment of an
exemplary needle-free collection process; FIGS. 10A
and 1OB are graphs depicting current versus time
profile of exemplary electrical inputs to the
controllable electromagnetic actuator of FIGS. 2A, 4,
5, or 8A and 8B for single and multi-sample operation,
respectively; FIG. 11 is an alternative embodiment of
a needle-free transdermal transfer device also
providing sample and injection capabilities; FIG. 12
is a perspective diagram showing surface treatment
using a multishot needle-free transdermal transport
device; FIG. 13 is a graph depicting
current-versus-time profile of exemplary electrical
inputs to the controllable electromagnetic actuators
of FIGS. 2A, 4, 5, 8A or 8B for multi-shot transfers;
FIGS. 14A and 14B are front and rear perspective
diagrams of an exemplary portable needle-free
transdermal transport device; FIG. 15 is a schematic
block diagram of a mechanical recharging unit coupled
to a rechargeable needle-free transdermal transport
device for recharging an internal power source; FIG.
16 is a schematic block diagram of an automated
needle-free transdermal transport system adapted to
automatically administer a needle-free transfer to an
animal; FIG. 17 is a schematic diagram of a
needle-free transdermal transport device injecting a
substance into an animal's joint; and FIG. 18 is a
schematic block diagram of an alternative needle-free
transdermal transport device including a bellows
reservoir. DETAILED DESCRIPTION OF THE INVENTION A
description of preferred embodiments of the invention
follows.A needle-free transdermal transport device, or
injection device, is configured to inject a substance
beneath the skin of an animal body. Injection devices
include devices having one or more needles configured
to pierce the skin prior to injection of the substance
(e.g., typical hypodermic needle). Other injection
devices are configured to inject a substance beneath
the skin without first piercing the skin with a needle
(i.e., needle-free). It should be noted that the term
"needle-free" as used herein refers to devices that
inject without first piercing the skin with a needle
or lance. Thus, needle-free devices may include a
needle, but the needle is not used to first pierce the
skin. Some needle-free injection devices rely on a
pioneer projectile ejected from the device to first
pierce the skin. Other needle-free injection devices
rely on pressure provided by the drag itself. 



Referring to FIG. 1, there is shown a schematic block
diagram of an exemplary needle-free transdermal
transport device 100 used to transfer a substance
across the surface 155 of a biological body 150. For
example, the device 100 can be used to inject a liquid
formulation of an active principle, for example, a
drug, into biological body such as an agriculture
animal or human being. Alternatively or in addition,
the same device 100 can be used to collect a sample
from a biological body 150 by withdrawing the
collected sample through the surface 155 of the body
and into an external reservoir 113 that may be
provided within the device 100. The device 100
typically includes a nozzle 114 to convey the
substance through the surface 155 of the biological
body at the required speed and diameter to penetrate
the surface 155 (e.g., skin) as required. Namely,
substance ejected from the nozzle 114 forms a jet, the
force of the jet determining the depth of penetration.
The nozzle 114 generally contains a flat surface, such
as the head 115 that can be placed against the skin
and an orifice 101 . It is the inner diameter of the
orifice 101 that controls the diameter of the
transferred stream. Additionally, the length of an
aperture, or tube 103, defining the orifice 101 also
controls the transfer (e.g., injection) pressure.
Preferably, the biological surface 155 is stretched
prior to transfer of the substance. First stretching
the surface or skin permits the skin to be pierced
using a lower force than would otherwise be required.
An analogy would be comparing aflaccid balloon to a
taught balloon. The flaccid balloon would generally
much more difficult to pierce. Stretching may be
accomplished by simply pressing the nozzle 114 into
the surface 155 of the skin. In some embodiments, a
separate surface reference or force transducer is
included to determine when the surface 155 has been
sufficiently stretched prior to transfer. Such a
sensor can also be coupled to a controller,
prohibiting transfer until the preferred surface
properties are achieved. In some embodiments, a
standard hypodermic needle is cut to a predetermined
length and coupled to the head 115. One end of the
needle is flush, or slightly recessed, with respect to
the surface of the head 115 that contacts the skin to
avoid puncturing the skin during use. The internal
diameter of the needle (e.g., 100 mm) defines the
diameter of the aperture, and the length of the needle
(e.g., 5 mm) together with the aperture dimension
controls the resulting injection pressure, for a given
applicator pressure. In other embodiments, a hole can
be drilled directly into the head 115 to reduce
assembly steps. In general, the length of the orifice
is selectable, for example ranging from 500 mm to 5
mm, while its diameter can range from 50 mm to 200 mm.
In one particular embodiment, the diameter of the
orifice is about 120 mm. The nozzle 114 can be coupled
to a syringe 112 defining a reservoir 113 for
temporarily storing the transferred substance. The
syringe 112 also includes a plunger or piston 126
having at least a distal end slidably disposed within
the reservoir 113. Movement of the plunger 126 along
the longitudinal axis of the syringe 112 in either
direction creates a corresponding pressure within the
reservoir 113. In some embodiments, the syringe 112 is
integral to the device 100. In other embodiments, the
syringe 112 is separately attachable to the device
100. For example, a commercially-available needle-free
syringe 112 can be attached to the device 100, such as
a model reference no. 100100 syringe 112 available
from Equidine Systems Inc. of San Diego, California.
The nozzle 114 can be releasably coupled to the
syringe 112 or the distal end of the device 100, such
that different nozzles can be used for injecting and
sampling (i.e., sucking), each different nozzle
tailored for its intended use. Thus, a samplingnozzle
may include a larger orifice 101, tapering into the
lumen 103 thereby promoting a more efficient
collection, or greater capacity sample. Beneficially,
a pressure is selectively applied to the chamber 113
using a controllable actuator. A specially-designed
electromagnetic actuator 125 is configured to generate
a high-pressure pulse having a rapid rise time (e.g.,
less than 1 millisecond). The actuator 125 can be used
in needle-free injection devices that rely on
high-pressure actuators to inject a formulation
beneath the skin. Beneficially, the actuator is
dynamically controllable, allowing for adjustments to
the pressure-versus-time during actuation. At least
one advantage of the electromagnetic actuator over
other needle-free devices is its relatively quiet
operation. Actuation involves movement of a freely
suspended coil within a gap, rather than the sudden
release of a spring or the discharge of a gas.
Actuation of the freely-moving coil in the manner
described herein results in quiet operation, which is
an important feature as it contributes to reducing
pain and anxiety during administration to the
recipient and to others that may be nearby. In more
detail, the electromagnetic actuator 125 is configured
to provide a linear force applied to the plunger 126
to achieve transdermal transfer of the substance.
Transfer of the force can be accomplished with a
force-transfer member 110, such as a rigid rod
slidably coupled through a bearing 111. The rod may be
secured at either end such that movement of the
actuator in either direction also moves the plunger
126. The bearing restricts radial movement of the rod
110, while allowing axial movement. In some
embodiments, the actuator 125 includes a stationary
component, such as a magnet assembly 105, and a
moveable component, such as coil assembly 104. A force
produced within the coil assembly 104 can be applied
to the plunger 126 either directly, or indirectly
through the rod 110 to achieve transdermal transfer of
the substance. Generally, the actuator 125, bearing
111 and syringe 112 are coupled to a frame or housing
102 that provides support and maintains fixed position
of these elements during an actuation. 



In some embodiments, the device 100 includes a user
interface 120 that provides a status of the device.
The user interface may provide a simple indication
that the device is ready for an actuation. For
example, a light emitting diode (LED)coupled to a
controller 108 can be enabled when sufficient
conditions are satisfied for an injection. More
elaborate user interfaces 120 can be included to
provide more detailed information, including a liquid
crystal display (LCD)3 cathode ray tube (CRD),
charge-coupled device (CCD), or any other suitable
technology capable of conveying detailed information
between a user and the device 100. Thus, user
interface 120 may also contain provisions, such as a
touch screen to enable an operator to provide inputs
as user selections for one or more parameters. Thus, a
user may identify parameters related to dose, sample,
parameters related to the biological body, such as
age, weight, etc. A power source 106 provides an
electrical input to the coil assembly 104 of the
actuator 125. As will be described in more detail
below, an electrical current applied to the coil
assembly 104 in the presence of a magnetic field
provided by the magnet assembly 105 will result in a
generation of a mechanical force capable of moving the
coil assembly 104 and exerting work on the plunger 126
of the syringe 112. The electromagnetic actuator is an
efficient force transducer supporting its portability.
An exemplary device described in more detail below
expends about 50 Joules of energy to deliver about 200
micro-liters of a fluid. For comparison, a standard
9-volt batter can provide up to about 8,500 Joules. A
controller 108 is electrically coupled between the
power source 106 and the actuator 125, such that the
controller 108 can selectively apply, withdraw and
otherwise adjust the electrical input signal provided
by the power source 106 to the actuator 125. The
controller 50 can be a simple switch that is operable
by a local interface. For example, a button provided
on the housing 102 may be manipulated by a user,
selectively applying and removing an electrical input
from the power source 106 to the actuator 135. In some
embodiments, the controller 108 includes control
elements, such as electrical circuits, that are
adapted to selectively apply electrical power from the
power source 106 to the actuator 135, the electrical
input being shaped by the selected application. Thus,
for embodiments in which the power source 106 is a
simple battery providing a substantially constant or
direct current (D.C.) value, can be shaped by the
controller to provide a different or even time varying
electrical value. In some embodiments, the controller
108 includes anon-board microprocessor, or
alternatively an interconnected processor or personal
computer providing multifunction capabilities. In some
embodiments, the needle-free transdermal transport
device 100 includes a remote interface 118. The remote
interface 118 can be used to transmit information,
such as the status of the device 100 or of a substance
contained therein to a remote source, such as a
hospital computer or a drug manufacturer's database.
Alternatively or in addition, the remote interface 118
is in electrical communication with the controller 108
and can be used to forward inputs received from a
remote source to the controller 108 to affect control
of the actuator 125. The remote interface 118 can
include a network interface, such as a local area
network interface (e.g., Ethernet). Thus, using a
network interface card, the device 100 can be remotely
accessed by another device or user, using a personal
computer also connected to the local area network.
Alternatively or in addition, the remote interface 118
may include a wide-area network interface. Thus, the
device 100 can be remotely accessed by another device
or user over a wide-area network, such as the
World-Wide Web. In some embodiments, the remote
interface 118 includes a modem capable of interfacing
with a remote device/user over a publicswitched
telephone network. In yet other embodiments, the
remote interface 118 includes a wireless interface to
access a remote device/user wirelessly. The wireless
interface 118 may use a standard wireless interface,
such as Wi-Fi standards for wireless local area
networks (WLAN) based on the IEEE 802.1 1
specifications; new standards beyond the 802.1 1
specifications, such as 802.16(WiMAX); and other
wireless interfaces that include a set of high-level
communication protocols such as ZigBee, designed to
use small, low power digital radios based on the IEEE
802.15.4 standard for wireless personal area networks
(WPANs). In some embodiments the controller receives
inputs from one or more sensors adapted to sense a
respective physical property. For example, the device
100 includes a transducer, such as a position sensor
116B used to indicate location of an object's
coordinates (e.g., the coil's position) with respect
to a selected reference. Similarly, a displacement may
be used to indicate movement from one position to
another for a specific distance. Beneficially, the
sensed parameter can be used as an indication of the
plunger's position as an indication of dose. In
someembodiments, a proximity sensor may also be used
to indicate a portion of the device, such as the coil,
has reached a critical distance. This may be
accomplished by sensing the position of the plunger
126, the force-transfer member 110, or the coil
assembly 104 of the electromagnetic actuator 125. For
example, an optical sensor such as an optical encoder
can be used to count turns of the coil to determine
the coil's position. Other types of sensors suitable
for measuring position or displacement include
inductive transducers, resistive sliding-contact
transducers, photodiodes, and
linear-variable-displacement-transformers (LVDT).
Other sensors, such as a force transducer 116A can be
used to sense the force applied to the plunger 126 by
the actuator 125. As shown, a force transducer 116A
can be positioned between the distal end of the coil
assembly and the force transfer member 110, the
transducer 116A sensing force applied by the actuator
125 onto the force-transfer member 110. As this member
110 is rigid, the force is directly transferred to the
plunger 126. The force tends to move the plunger 126
resulting in the generation of a corresponding
pressure within the reservoir 113. A positive 



force pushing the plunger 126 into the reservoir 113
creates a positive pressure tending to force a
substance within the reservoir 113 out through the
nozzle 114. A negative force pulling the plunger 126
proximally away from the nozzle 114 creates a negative
pressure or vacuum tending to suck a substance from
outside the device through the nozzle 114 into the
reservoir 113. The substance may also be obtained from
an ampoule, the negative pressure being used to
pre-fill the reservoir 113 with the substance.
Alternatively or in addition, the substance may come
from the biological body representing a sampling of
blood, tissue, and or other interstitial fluids. In
some embodiments, a pressure transducer (not shown)
can also be provided to directly sense the pressure
applied to a substance within the chamber. An
electrical sensor 116C may also be provided to sense
an electrical input provided to the actuator 125. The
electrical may sense one or more of coil voltage and
coil current. The sensors 116A, 116B, 116C (generally
116) are coupled to the controller 108 providing the
controller 108 with the sensed properties. The
controller 108 may use one or more of the sensed
properties to control application of an electrical
input from the power source 106 to the actuator 125,
thereby controlling pressure generated within the
syringe 112 to produce a desired transferperformance.
For example, a position sensor can be used to
servo-control the actuator 125 to pre-position the
coil assembly 104 at a desired location and to
stabilize the coil 104 once positioned, and conclude
an actuation cycle. Thus, movement of the coil
assembly 104 from a first position to a second
position corresponds to transfer of a corresponding
volume of substance. The controller can include a
processor programmed to calculate the volume based on
position give the physical size of the reservoir. An
actuation cycle described in more detail below,
generally correspond to initiation of an electrical
input to the actuator 125 to induce transfer of a
substance and conclusion of the electrical input to
halt transfer of the substance. A servocontrol
capability combined with the dynamically controllable
electromagnetic actuator 125 enables adjustment of the
pressure during the course of an actuation cycle. One
or more of the sensors 116 can be used to further
control the actuation cycle during the course of the
transfer, or cycle. Alternatively or in addition, one
or more of local and remote interfaces can also be
used to further affect control of the actuation cycle.
In some implementations, the controller 108 is coupled
with one more other sensors (not shown) that detect
respective physical properties of the biological
surface. This information can be used to servo-control
the actuator 125 to tailor the injection pressure,
and, therefore, the depth of penetration of drug into
the skin for a particular application. For instance,
when the device 100 is used on a baby, the sensor
detects the softness of the baby's skin, and the
controller 108 uses the properties of the baby's skin
and consequently reduces the injection pressure. The
injection pressure can be adjusted, for example, by
controlling the electrical input signal applied to the
actuator 125 and/or the current pulse rise time and/or
duration. When used on an adult or someone with
sun-damaged skin, the controller may increase the
injection pressure. The injection pressure may be
adjusted depending on location of the skin on the
body, for example, the face versus the arm of the
patient. The injection pressure can also be tailored
to deliver the drug just underneath the skin or deep
into muscle tissue. Moreover, the injection pressure
may be varied over time. For instance, in some
implementations, a large injection pressure is
initially used to pierce the skin with the drug, and
then a lower injectionpressure is used to deliver the
drug. A larger injection may also be used to break a
seal that seals the chamber or vial. In more detail,
the power source 106 can be external to the device
100. For example, the device 100 can be coupled to a
separate electrical power supply. Preferably, however,
the. power source 106 is self-contained within the
device 100 to promote portability of the device 100.
Such portability is particularly beneficial in field
applications, such as treating livestock or
administrating of medicines, such as vaccines to
people or animals in remote areas. The power source
106 can include a replaceable battery, such as a
ubiquitous 9-volt dry cell battery. Alternatively, the
power source 106 includes a rechargeable device, such
as a rechargeable battery (e.g., gel batteries;
lead-acid batteries; Nickelcadmium batteries; Nickel
metal hydride batteries; Lithium ion batteries; and
Lithium polymer batteries). In some embodiments, the
power source 106 includes a storage capacitor. For
example, a bank of capacitors can be charged through
another power source, such as an external electrical
power source. In more detail, the electromagnetic
actuator 125 includes a conducting coil assembly 104
disposed relative to a magnetic field, such that an
electrical current induced within the coil results in
the generation of a corresponding mechanical force.
The configuration is similar, at least in principle,
to that found in a voice coil assembly of a loud
speaker. Namely, the relationship between the magnetic
field, the electrical current and the resulting force
is well defined and generally referred to as the
Lorentz force law. Preferably, the coil 104 is
positioned relative to a magnetic field, such that the
magnetic field is directed substantially perpendicular
to the direction of one or more turns of the coil 104.
Thus, a current induced within the coil 104 in the
presence of the magnetic field results in the
generation of a proportional force directed
perpendicular to both the magnetic field and the coil
(a relationship referred to as the "right hand rule").
In more detail a cross-sectional diagram of an
electromagnetic impulse actuator 200 is shown in FIG.
2A. The device 200 includes a magnet assembly 201
defining an annular slotted cavity 214 and a coil
assembly 203 slidably disposed 



therein. The stroke of the coil 203 can be controlled
by the lengths of the coil andmagnet assembly. Thus,
the electromagnetic actuator can be configured to
transfer a substantial volume of a substance during a
single, sustained stroke. For example, a volume of up
to 300 micro-liters or more may be transferred with a
single stroke. Alternatively or in addition, the
entire contents of a vial or syringe may be
transferred in multiple smaller doses. For example,
substantially the entire contents of a 300 micro-liter
vial may be transferred to an animal in ten separate
injections of 30 micro-liters each. The
controllability of the actuator also allows for a
precise transfer. For example, a substance may be
delivered to a biological body with minimum volumetric
increments of about 1%. Thus, for a 200 micro-liter
volume, the dosage may be tailored in 200 nano-liter
steps. Thus, a single syringe loaded with a sufficient
volume can deliver various doses by controlling the
electrical input to the coil. Operation of such an
actuator is deterministic further lending itself to
precision control. The magnet assembly 205 includes a
column of magnets 204A, 204B disposed along a central
axis 203. The column of magnets can be created by
stacking one or more magnetic devices. For example,
the magnetic devices can be permanent magnets. As a
greater magnetic field will produce a greater
mechanical force in the same coil, thus stronger
magnets are preferred. As portability and ease of
manipulation are important features for a hand-held
device 100, high-density magnets are preferred. One
such category of magnets are referred to as rare-earth
magnets, also know as Neodymium-Iron-Boron magnets
(e.g., Nd2Fe14B). Magnets in this family are very
strong in comparison to their mass. Currently
available devices are graded in strength from about
N24 to about N54 -the number after the N representing
the magnetic energy product, in megagauss-oersteds
(MGOe). In one particular embodiment, N50 magnets are
used. The magnetic field produced by the magnets
generally follows field lines 208, with rotational
symmetry about the central axis for the configuration
shown. The magnets 204A, 204B are attached at one end
of a right-circular cylindrical shell 201 defining a
hollowed axial cavity and closed at one end. An
annular slot remains being formed between the magnets
204A, 204B and the interiorwalls of the case and
accessible from the other end of the shell 201. An
exemplary shell 201 is formed with an outside diameter
of about 40 mm and an inside diameter of about 31.6
mm, resulting in a wall thickness of about 4.2 mm. In
this embodiment, the magnets 204A, 204B are
cylindrical, having a diameter of about 25.4 mm. The
shell 201 is preferably formed from a material adapted
to promote containment therein of the magnetic fields
produced by the magnets 204A, 204B. For example, the
shell 201 can be formed from a ferromagnetic material
or a ferrite. One such ferromagnetic material includes
an alloy referred to as carbon steel (e.g., American
Iron and Steel Institute (AISI) 1026 carbon steel). An
end cap 206 is also provided of similar ferromagnetic
material being attached to the other end of the
magnets 204A, 204B. Placement of the end cap 206 acts
to contain the magnetic field therein and promoting a
radially-directed magnetic field between the annular
gap formed between the end cap 206 and the outer walls
of the shell 201. The end cap is generally thicker
than the shell walls to promote containment of the
magnetic fields as they loop into the end of the top
magnet 204A. For the exemplary shell 201 embodiment
described above, the end cap 206 has an axial
thickness of about 8 mm. The coil assembly 203
includes a coil 212 formed from a conducting material,
such as copper wire wound about a bobbin 210. The
bobbin 210 can be cylindrical and defines an axial
cavity sized to fit together with the coil 212 within
the annular cavity 214. In some embodiments, the
bobbin 210 is substantially closed at the end
juxtaposed to the annular cavity 214. The closed end
forms a force-bearing surface adapted to push against
a plunger 214 (FIG. 1) or forcebearing rod 210 (FIG.
1). A strong, yet light-weight coil assembly 203 is
preferred for applications requiring a rapid
generation of substantial force, such as needle-free
transfers. Preferably, the bobbin is formed from a
strong, yet light-weight material such as aluminum or
epoxy-loaded fiberglass. One such family of glass
reinforced epoxy is sold under the trade name
GAROLITE(r). Suitable material selected from this
family includes G10/FR4 material offering extremely
high mechanical strength, good dielectric loss
properties, and good electric strength properties,
both wet and dry. Other materials include an
all-polymeric reinforced, dull gold
coloredpolytetrafluoroethylene (PTFE) compound that
operates exceptionally well against soft mating
surfaces such as 316 stainless steel, aluminum, mild
steel, brass and other plastics available from
Professional Plastics of Fullerton California under
the trade name RULON(r). The bobbin 210 is thin-walled
to fit within the annular slot. The bobbin 210 should
also present a low coefficient of friction to those
surfaces that may come in contact with either the
shell 201, the magnets 204A, 204B or the end cap 206.
In some embodiments, a low-friction coating can be
applied to the bobbin. Such coatings include
fluorocarbons, such as PTFE. Generally, a
non-conducting material such as epoxy-loaded
fiberglass is preferred over a conducting material
such as aluminum. Eddy currents created in the
conducting material as it moves through the magnetic
field tend to create a mechanical force opposing
motion of the bobbin. Such an opposing force would
counteract intentional movement of the coil thereby
resulting in an inefficiency. Dielectric materials
reduce or eliminate the production of such eddy
currents. A thin-walled bobbin 210 allows for a
narrower annular slot 214 thereby promoting a greater
magnetic field intensity across the gap. A substantial
current 



flowing within the coil 212 can result in the
generation of a substantial thermal load that could
result in structural damage (e.g., melting). Other
light-weight materials include machinable
poly-acetals, which are particularly well suited to
hightemperature applications. Continuing with the
exemplary embodiment, the bobbin 210 has an outside
diameter of about 27 mm, an internal diameter of about
26 mm, and an axial length of about 46 mm. The coil
212 consists of six layers of 28 gauge copper wire
wound onto the bobbin 210 at a rate of about 115
windings per coil length (about 35 mm) resulting in
about 700 turns total. Using the N50 magnets with the
1026 carbon steel, the end cap 206 contains between
about 0.63 and 0.55 Tesla (the value reducing
outwardly along a radius measured from the center of
the end cap 206). Thus, a current flowing through the
coil 212 is positioned at right angles to the magnetic
field 208 produced between the end cap 206 and the
shell 201 wall. This results in the generation of a
force on the coil directed along the longitudinal
axis, the direction of the force depending upon the
directional flow of the current. For the above
exemplary device, an electrical input, or drive
voltage of about 100volts applied across the coil for
a duration of about 1 millisecond representing the
pierce phase of an actuation cycle. A lesser
electrical input of about - 2 volts is applied for the
transfer phase. The polarity of the applied input
suggests that the transfer phase is a sample phase
collecting a sample from the biological body.
Generally, the coil 212 receives the electrical input
signal through two electrical leads 216. The shell 201
includes one or more apertures 218 through which the
leads 216 are routed to the power source 106 (FIG. 1).
The closed end of the shell 201 may contain one or
more additional apertures through which air may be
transferred during movement of the coil. Without such
apertures and given the relative tight tolerances of
the gap between the coil 212 and the annular slot 214,
a pressure would build up to oppose movement of the
coil. Alternatively or in addition, the bobbin 210 may
also have one or more apertures 220 to further inhibit
the build up of damping pressures during actuation.
FIG. 2A shows the coil assembly 203 after or during an
injection phase in which the coil is forced out of the
shell 201 thereby advancing the front plate 215. FIG.
2B shows the coil assembly 203 retracted within the
shell 201 after a sampling phase in which the coil
assembly 203 is drawn into the shell 201. In some
embodiments, the conductive coil is configured to
carry a relatively high-amplitude electrical current
to produce a substantial force resulting in the
generation of a substantial pressure. The coil also
provides a relatively low inductance to support
high-frequency operation thereby enabling rapid rise
time (i.e., impulse) response. In some embodiments,
the coil provides an inductance of less than 100
millihenries. Preferably, the coil inductance is less
than about 50 millihenries. More preferably, the coil
inductance is less than about 10 millihenries. For
example, the coil inductance can be between about 5
and 10 millihenries. One way of providing the
high-current capacity with the low inductance is using
a coil formed by a large-diameter conductor that is
configured with a low number of turns (e.g., 1 to 3
turns). The result is a pressure actuator capable of
generating a high-pressure pulse with a rapid rise
time. Additionally, operation of the actuator is both
controllable and highly predictable given the physical
properties of the actuator and the inputelectrical
current. Still further, the actuator is reversible
providing forces in opposing directions based on the
direction of current flow within the coil.
Additionally, the controllability allows for a
tailored injection profile that can include a rapid
high-pressure pulse to breach the outer layers of
skin, followed by a lower-pressure, prolonged pulse to
deliver the formulation. Referring to FIG. 3A, an
exemplary time varying electrical input is shown. The
curve represents variation in an electrical current
applied to the coil assembly 104 of the actuator 125.
At a first instant of time to an electrical current is
applied to the coil 104. The current rises from a rest
value (e.g., zero amps) to a maximum value Ip
remaining at this maximum for a selectable duration
and then transitioning to a different current value IT
at a later time ti. The current amplitude may remain
substantially at this value, or continue to vary with
time until a later time t , at which the current
returns to a rest value. The entire period of time
defined between times t2 and to can be referred to as
an actuation period, or actuation cycle. For a current
input having a shape similar to that just described,
the period defined between times ti and to can be
referred to as a piercing phase. As the name suggests,
the high current value Ip induces a corresponding high
pressure that can be used to pierce the surface of a
biological body without using a needle or lance. The
remainder of the actuation cycle defined between times
t2 and ti can be referred to as a transfer phase. As
this name suggests, the relatively lower current value
Icinduces a lesser pressure that can be used to
transfer a substance from the reservoir 113 (FIG. 1)
to the biological body through the perforation in the
surface created during the piercing phase. An
exemplary plot of a pressure induced within the
reservoir 113 (FIG. 1) in response to the electrical
input is illustrated in FIG. 3B. As shown, the
pressure rises from an initial rest value to a
relative maximum value, Pp, at a time to, perhaps with
a slight delay D resulting from the transfer
characteristics of the electrical coil. This pressure
value can be used to create a jet as described above
in relation to FIG. 1. As the current is reduced
during the transfer phase, the pressure similarly
reduces to a lesser value PT determined to achieve a
desired transfer of the substance. The transfer phase
continues until a desired volume of the substance is
transferred, then the pressure is removed concluding
the actuation cycle.A servo-controlled injector
includes a specially-designed electromagnetic pressure
actuator configured in combination with a servo
controller to generate an 



injection pressure responsive in real-time to one or
more physical properties (e.g., pressure, position,
volume, etc.). In some embodiments, the
servo-controlled injector is a needle-free device. The
electromagnetic pressure actuator generates a
high-pressure pulse having a rapid rise time (e.g.,
less than 1 millisecond) for injecting a formulation
beneath the skin. With such a rapid rise time, an
entire transfer can be completed in less than about 10
milliseconds. The pressure provided by the actuator
can be varied during the actuation of a single
injection to achieve a desired result. For example, a
first high-pressure is initially provided to the
formulation to penetrate the outer surface layer of an
animal's skin. Once the skin is penetrated, the
pressure is reduced to a second, lower pressure for
the remainder of the injection. The servo-controller
can be used to determine when the skin is penetrated
by sensing a change in pressure within the chamber and
to adjust the injection pressure accordingly. A
servo-controller 108 receives input signals from the
one or more sensors 116 and generates an output signal
according to a predetermined relationship. The
servo-controller output can be used to control the
pressure by controlling the amplitude of electrical
current driving the controllable actuator. Real-time
control can be accomplished by the servo controller
108 repeatedly receiving inputs from the sensors 116,
processing the inputs according to the predetermined
relationship and generating corresponding outputs. In
order to adjust the injection pressure during the
course of an injection, the entire sensecontrol
process must be performed numerous times during the
period of the injection. For example, a
servo-controller 108 can include a high-speed
microprocessor capable of processing signals received
from the sensors and rapidly providing corresponding
output signals at a rate of 100 kHz (i.e., every 10
microseconds). Such rapid response times provide
hundreds of opportunities to adjust pressure during
the course of a single 5 to 10 millisecond injection.
As friction or drag on the coil assembly 104
represents an inefficiency, the coil can be floating
within a cavity of the magnet assembly 105. That is,
there is the coil assembly 104 floats within a gap and
is allowed to move freely. With nocurrent applied to
the coil assembly 104, it would be allowed to slide
back and forth with movement of the device 100. Such
movement may be undesirable as it may result in
unintentional spillage of a substance form the
reservoir or introduction of a substance, such as air,
into the reservoir. Using a servo-controller with the
position sensor 116B, the position of the coil 104 can
be adjusted such that the coil 104 is held in place in
the presence of external forces (e.g., gravity) by the
application of equal and opposite forces induced from
the electrical input signal applied to the coil
assembly 104. Alternatively or in addition, the
actuator can be coupled to a bellows forming a chamber
containing a formulation. For either configuration,
actuation results in the generation of a pressure
within the chamber, the chamber forcing the
formulation through a nozzle. An exemplary embodiment
of a dynamically-controllable needle-free injection
device 400 is shown in FIG. 4. The device 400 includes
a controllable electromagnetic actuator 402 abutting
one end to a pusher rod 406. The axis of the pusher
rod 406 is collinear with the longitudinal axis of the
actuator 402 and slides through a bearing 408 to
inhibit radial movement. A mounting adapter 412 is
provided at a distal end of the device 400 for
mounting a syringe 410. A plunger of the syringe (not
shown) resides within the mounting adapter 412
abutting the other end of the pusher rod 408. A power
source, such as a rechargeable capacitor 412 is
disposed proximal to the actuator 402 for inducing
currents within the actuator 402. The device 400 also
includes a button to initiate an injection and a
controller 416 to control application of the power
source to the actuator 402. A housing, such as an
elongated molded plastic case 418 is also provided to
secure the different components with respect to each
other. An exemplary embodiment of a smaller,
dynamically-controllable needlefree injection device
500 is shown in FIG. 5. The device 500 includes a
compact electromagnetic actuator 502 having a distal
force plate 504 adapted to abut a proximal end of a
plunger 506 of a syringe 508. The device 500 also
includes a mounting member 512 to which a proximal end
of the syringe 508 is coupled. A power source 514 is
also disposed proximal to the actuator 502, the
different components being secured with respect to
each other within a housing 516. In someembodiments, a
coupler 525 is provided to removably fasten the
plunger 528 to the coil assembly 505. This ensures
that the plunger is moved in either direction
responsive to movement of the coil assembly 505.
Referring to FIG. 6, in more detail, the compact
controllable electromagnetic actuator 502 includes a
ferromagnetic shell 522 including a central magnetic
core 520 capped by a ferromagnetic end cap 506. A coil
assembly 505 is slidably disposed within an annular
slot of the magnet assembly floating freely within the
slot. The distal end of the shell 522 includes one or
more extensions 524 that continue proximally from the
distal end of the shell 522 and terminating at the
distal mounting plate 512. In contrast to the devices
of FIGs. 1 and 4, however, the device 502 does not
include a separate bearing 111, 408. Rather, the
interior surface of the shell 522 including its
extensions 524 provides a bearing for the coil
assembly 505 allowing axial movement while inhibiting
radial movement. A first bearing surface 550 is
defined along a distal end of the coil assembly. The
first bearing surface 550 slides against the interior
surface of the extensions 524 during actuation. In
some embodiments, a second bearing surface 555 is
provided at a proximal portion of the coil assembly
505. The second bearing surface 555 slides against the
interior surface of the shell 522 during actuation. 



The extensions 524 may include openings between
adjacent extensions 524 as shown to reduce weight and
to promote the flow of air to promote coil movement
and for cooling. This configuration 502 rigidly
couples the distal mounting plate 512 to the shell
522, thereby increasing rigidity of the actuator 502
and reducing if not substantially eliminating any
stress/strain loading on the housing 516 (FIG. 5)
caused by actuation of the device. A rear perspective
view of an exemplary compact Lorentz-force actuator
602 is shown in FIG. 7. The device 602 includes a
magnet assembly having an external shell 622. A coil
assembly 605 is slidably disposed within the shell
622, and adapted for axial translation. Multiple
longitudinal extensions 624 are disposed about the
axis and adapted to couple the shell 622 a mounting
plate 612. Openings are provided between adjacent
extensions 624. A syringe 608 is coupled to the
mounting plate 612 at the distal end of the device
602. One or more guides 626 are provided to prevent
rotation of the coil, each guide 626 riding along an
interior edgeof an adjacent extension 624. The
proximal end of the device 602 includes apertures 618
through which the coil leads 616 are routed and one or
more additional apertures 620 to promote air flow
during actuation. In some applications a sample vial
is swapped out for a drug vial between sample
collection and injection. Alternatively or in
addition, analysis of the sample may be performed by a
separate analyzer. Because the Lorentz-force actuator
is bi-directional, depending upon the direction of the
coil current, the same device used to inject a
substance can also be used to withdraw a sample. This
is a beneficial feature as it enables the device to
collect a sample. Referring to FIG. 8A, an exemplary
sampling, needle-free injector 700 is illustrated. The
sampling injection device 700 includes a
bi-directional electromagnetic actuator 702 abutting
at one end a first piston 714A. A sampling nozzle 7
1IA is coupled at the other end of a syringe 710. The
actuator 702 is powered by a power source 704, such as
a battery or suitably charged storage capacitor. The
first piston 714A is slidably disposed within a
sampling syringe 710, such that an electrical input
signal applied to the actuator 702 withdraws the first
piston 714A away from the sampling nozzle 7 1IA. A
sample can be collected form a biological body when
the sampling nozzle 7 1IA is placed against a surface
of the body during actuation. Referring now to FIG.
8B, once a sample has been collected, a movable
syringe mount 708 can be re-positioned such that the
sampling syringe 710 is aligned with an analyzer 706.
By the same motion, a second syringe 712 having a
second piston 714B and including a substance, such as
a drug, is aligned with the actuator 702. The mount
708 may be a rotary mount rotating about a
longitudinal axis or a linear mount as shown. The
analyzer 706 provides a control signal to the power
source 704 responsive to the analyzed sample. The
control signal causes the actuator 702 to push the
second piston 714B forward thereby expelling an amount
of the substance responsive to the analyzed sample.
Thus, the same device 700 can be used to both collect
a sample and to inject a substance. As already
described, the needle-free device can be used to
collect a sample from the body. An exemplary method of
collecting a sample is illustrated in the flow diagram
of FIG. 9A. First, the surface is punctured using the
needle freeinjector. (Step 800) Next, a sample is
collected from the biological body again using the
needle-free device. (Step 810) The collected sample is
analyzed, for example to determine a physical property
such as blood sugar. (Step 820) Any one or more of a
number of different methods of analysis may be
performed at this step. For example, analyses may
include: (i) electrochemical techniques for the
detection of glucose, such as a glucose oxidase test;
and optical techniques, such as surfaceenhanced Raman
spectroscopy. The controller receives the results of
the analysis and determines a dosage based on the
analyzed sample. (Step 830) The determined dosage is
administered to the biological body using the
needle-free device. (Step 840). In more detail,
referring to the flow diagram of FIG. 9B, the step of
needlefree sample collection (Step 810) includes first
injecting a substance to pierce the skin. (Step 812)
For example, saline solution can be injected to pierce
the skin. Next, a sample is withdrawn using the
needle-free device by sucking a sample from the
biological body into a reservoir of the device. If the
sample is not sufficient in volume or constitution,
the withdrawn sample of saline solution and blood,
tissue, and interstitial fluid is re-injected into the
biological body using the need free device. (Step 818)
Steps 814 through 818 can be repeated until a suitable
sample or bolus is obtained. In some embodiments,
determination of the sufficiency of the sample may be
determined beforehand according to a prescribe number
of cycles. Alternatively or in addition, sufficiency
of the sample may be determined during the course of
the sampling process. Exemplary drive currents that
can be applied to the dynamically controllable
electromagnetic actuator are illustrated in the plots
of FIGs. 1OA and 1OB. Referring first to FIG. 1OA, a
sample actuation cycle is shown including an initial
piercing phase in which a substantial positive current
is applied to force a substance into the biological
body creating a perforation. The piercing phase is
followed by a sampling phase in which a
lesser-magnitude current is applied in the opposite
direction to collect a sample. Referring next to FIG.
1OB, a multi cycle sample is shown in which an initial
piercing phase is followed by repeated sample and
reinjection phases as described in relation to FIG.
9B.An alternative embodiment of a sampling injection
device 900 is illustrated in FIG. 11. The device 900
includes two nozzles 914A, 914B each at opposing ends
of the device with a controllable electromagnetic
actuator 925 disposed therebetween. Each nozzle 914A5
914B is coupled at an external end of a respective 



syringe 912A, 912B, each syringe defining a respective
reservoir 913A, 913B and each having a respective
pistons 910A, 910B slidably disposed therein. An
internal end of each piston is coupled to a respective
end of the actuator 925, such that actuation in one
direction causes one plunger 910A to advance toward
the distal nozzle 914A creating a pressure within the
reservoir 913A adapted to inject a substance contained
therein. The same actuation in the same direction
causes the other plunger 910B to withdraw away from
the distal nozzle 914B creating a vacuum within the
reservoir 913B to withdraw a substance into the
reservoir 813B. The actuator 925 includes a movable
coil assembly 904 and receives an electrical input
signal from a controller 908 that is also coupled to a
power source 909. In some embodiments, the device 900
includes an analyzer 916 coupled to the controller 908
for analyzing a sample collected in the sampling
reservoir 913B. In operation, one end of the device
can be used to collect a sample from a biological body
as a result of a needle-free transfer across the
surface of the biological body. The analyzer 916 may
analyze the sample and provide a result to the
controller 908. The controller 908 may determine the
parameters for a dosage of a substance to the
biological body based on the analyzed sample. The
other end of the device can be used to administer a
dosage of a substance to the biological body. The
controller then provides an electrical input form the
power source 909 to the actuator 925, possibly under
the control of a local or remote operator through an
input/output interface. The actuator 925 moves a
piston in the same direction according to the received
input, creating a pressure and causing an injection
through the injecting end of the device 900. In some
embodiments, it is advantageous to provide a
controllable needlefree injection device 1000 capable
of administering multiple injections and/or samples in
succession. Thus, actuation cycles occur with
relatively short time delay between cycles adjacent.
Such a device can be referred to as a multi-shot
needlefree injection device. Multi-shot injections can
occur within 30 milliseconds to 50milliseconds per
cycle, with an actuation (i.e., injection) cycle 10
milliseconds. Some multi-shot devices have a
capability to deliver up to 500 injections per drug
vial. For example, referring to the schematic diagram
of FIG. 12, a multi-shot, needle-free injection device
1000 includes an attached reservoir or ampoule 1002.
The device 1000 is applied to the surface of a
biological body 1004 and a transdermal transfer is
initiated a first location 1006 at which the tip of
the device 1000 is placed. The process can be repeated
at other locations in a general proximity with respect
to each other thereby treating a substantial surface
region 1008 of the biological body. In other
applications, the same multi-shot device 1000 can be
used to transdermally transfer a substance in each of
multiple different biological bodies. Such
applications would include inoculating a group of
animals, one after another. A plot of an exemplary
coil drive current versus time for a multi-shot
application is illustrated in FIG. 13. The current
profile of an individual actuation cycle or period can
be similar to any of those described earlier in
relation to FIGS. 3, 1OA and 1OB separated by a
user-selectable inter-shot delay. Although the same
general input waveform is illustrated for each cycle,
the device is capable of initiating different
waveforms for each cycle. An exemplary portable,
multi-shot injection device 1100 is illustrated in
FIGs. 14A and 14B. The device 1100 includes a housing
1102 having a handle section 1104 that may include a
trigger 1110. The device also includes a nozzle 1006,
a reservoir or ampoule 112 and a self-contained power
source 1108. In some embodiments, the device 1100 also
includes a user interface 1114. Referring to the power
source 106 in more detail, it is possible to charge a
rechargeable power source, such as a rechargeable
battery or storage capacitor. For example, recharging
can be accomplished with solar cells, a dynamo, or
inductive coupling. For example, the coil assembly 104
can be used in the inductive coupling to an external
power source, the coupled source creating an
electrical current within the coil assembly 104,
usable to charge the power source 106. In some
embodiments, the device can be recharged using the
electromagnetic actuator 125 itself. That is,
mechanical movement of the coil assembly 104
throughthe magnetic field provided by the magnet
assembly 105 (as might be accomplished by shaking or
vibrating the device 100) produces an electrical
current within the coil. The coil assembly 104 may be
coupled to the power source 106 through a regulator or
other suitable recharging circuit. Thus, electrical
current induced within the coil assembly 104 by its
movement through the magnetic field can be used to
recharge the power source 106. An exemplary mechanical
recharging device is illustrated in FIG. 15. The
mechanical recharging unit 1200 includes a mechanical
transducer, such as a vibrator 1204, that oscillates a
shaft 1206 back and forth. The shaft is coupled at one
end to the vibrator 1204 and at the other end to an
adapter fitting 1208 adapted to engage the
forced-transfer member 110 of the device 1201 . The
recharging unit 1200 also includes a mounting flange
1202 adapted to hold a device in engagement with the
vibrator 1204 during a recharging period. As shown, a
syringe is first removed so that the coil assembly can
be oscillated through the magnetic field producing an
electrical current in the coil 104. The resulting
current can be fad back into the power lsource 106
through a power conditioner 1210. The power
conditioner 1210 can include one or more of a
rectifier, a voltage regulator, a filter, and a
recharging unit. As shown, the magnet assembly 105 is
coupled to the housing 102 through a mounting 1211,
such that the magnet remains fixed with respect to the
moving coil assembly 104. 



The controllable nature of such a transdermal transfer
device lends itself to automatic, or robotic
injection. First, a forceful needle-free injection may
be used to inject through the skin of a biological
body, such as the relatively thick hide of a large
mammal, such as a cow. As the injection is
needle-free, there is no chance of a needle breaking
within an animal, should the animal move during the
course of an injection. Further, because a forceful
needle-free injection can be accomplished in a
fraction of a second, the duration of time during
which an animal must remain immobile is greatly
reduced. Thus, a mere bump of a nozzle on an animal
combined with a momentary release may occur in such a
short period of time, that it may even be done while
the animal is mobile. An exemplary needle-free
injection system for administering a controlled dose
of a substance to an animal is illustrated in FIG. 16.
The system includes aneedle-free transdermal transport
device 1306 disposed at a distal end of an extendable
arm 1304. The proximal end of the arm 1304 may be
connected to a rigid mount, such as a post or frame
1308. A sensor 1310 may also be provided to identify
an animal prior to administering a transdermal
transfer. For example, the animal 1302 can include an
identifying mark 1312, such as a bar-code tag or a
radio frequency identification (RFID) tag. The sensor
1310 can therefore include an interrogator adapted to
read a bar-code or RFID tag. The sensor 1310 and the
transdermal transport device 1306 are both coupled to
a controller 1314, which may include a processor. A
power source 13 16 is also coupled to the transdermal
transfer device 1306 through the controller 1314. In
some embodiments, the device includes another animal
sensor, such as a force plate 1318 adapted to sense a
physical property of the animal such as its weight. A
guide, such as a gate 1324 can be provided to suitably
position the animal 1302 during identification and
dosage. The controller 1314 also receives an input
from the sensor 1318 and generates a dosage control
based on the animal identification and weight. For
example, a growth hormone could be administered to a
particular animal based on its identification and
weight. In some embodiments, the system also includes
a communications interface 1320. The communications
interface can include a wireless interface 1322, such
as the wireless communications interface discussed
above in relation to FIG. 1. Thus, the system can
communicate with a remote user, processor, and/or
database. The operational features offered by the
dynamically controllable Lorentzforce actuator support
numerous and varied treatment options. Combining both
a forceful injection capability with controllability,
the same controllable needle-free transdermal
transport device can be used to deliver varied
injections. For example, the device can be used
non-invasively to deliver intradermally into a surface
layer or the skin, between different biological layers
(e.g., along a cleavage plane), or a subcutaneous
injection administered to the subcutis, a layer of
skin directly below the dermins and epidermis.
Non-axial needle-free injections are described in U.S.
Patent Application entitled "Surface Injection Device"
filed on February 10, 2006 under Attorney Docket No.
0050.2093-000, incorporated herein by reference in its
entirety. The device may also be used to deliver an
intramuscular injectionadministering a substance
directly into a muscle. Still further, the device may
be used to deliver intravenous infusion administering
a drug directly into the bloodstream via a vein. An
exemplary application for injecting a substance into
an anatomical joint is illustrated in FIG. 17. A
portion of a human knee 1400 is shown as an example of
a synovial joint 1402. A synovial joint 1402 includes
a viscous fluid 1406 which is contained inside the
"synovial" membrane 1404, or "joint capsule. In some
treatments it is desirable to inject a substance into
the viscous fluid 1406. This requires a relatively
deep injection also penetrating the synovial membrane
1404. Heretofore, such an injection required the use
of larger gauge needles to prevent bending or breaking
of the needle. Unfortunately, the larger diameter
needle tended to increase pain and discomfort to the
patient. Using the controllable electromagnetic
needle-free device, it is possible to accomplish such
an injection delivering a substance 1414. Namely, the
substance 1414 stored in a syringe 1408 is expelled
through a nozzle 1412. A narrow jet is formed by the
nozzle 1412, directing a stream 1416 of the substance
along a straight line path to a desired depth. Thus,
the stream 1416 can be directed to the interior region
of the joint 1402 piercing the synovial membrane 1404
and delivering the substance 1418 with less pain and
without bending. An alternative embodiment of a
controllable needle-free injection device 1800 shown
in FIG, 18 including a bellows 1802 forming a
reservoir therein. An electromagnetic actuator 1825
either compresses or expands the bellows 1802,
depending upon the direction of the electrical input
current. A nozzle 1801 adapted for needle-free
injection is in fluid communication with the bellows
chamber 1802 such that a formulation stored within the
chamber 1802 is forced through the nozzle 1801 when
the bellows 1802 is compressed. The nozzle 1801 is
generally held in a fixed relationship with respect to
the stationary portion of the actuator 1825, such the
bellows is compressed between the movable portion of
the actuator 1825 and the nozzle 1801. The bellows
chamber 1802 can be configured for quick and easy
removal and replacement within the injection device
1800. For example, a bellows chamber 1802 can be
inserted into and removed from a side of a housing
1810. The housing1810 can include a mechanical
fastener that secures the bellows chamber 1802 to the
coil assembly 1804. For example, the mechanical
fastener can include a blade (not shown) configured to
engage a complementary notch in the bellows chamber.
Alternatively or in addition, specially-configured
bellows can be used that are axially compressible
while being otherwise rigid in non-axial directions. 



While this invention has been particularly shown and
described with references to preferred embodiments
thereof, it will be understood by those skilled in the
art that various changes in form and details may be
made therein without departing from the scope of the
invention encompassed by the appended claims.CLAIMS
What is claimed is: 1. A needle-free transdermal
transport device for transferring a substance across a
surface of a biological body comprising: a reservoir
for storing the substance; a nozzle in fluid
communication with the reservoir; and a controllable
electromagnetic actuator in communication with the
reservoir, the actuator comprising: a stationary
magnet assembly providing a magnetic field; and a coil
assembly, slidably disposed with respect to the magnet
assembly, the coil assembly receiving an electrical
input and generating in response a force corresponding
to the received input, the force resulting from
interaction of an electrical current within the coil
assembly and the magnetic field and causing a
needle-free transfer of the substance between the
reservoir and the biological body. 2. The device of
claim 1, wherein the force generated within the coil
assembly is dynamically variable according to
variations in the received electrical input. 3. The
device of claim 1, further comprising a
servo-controller in electrical communication with the
controllable electromagnetic actuator, the
servocontroller providing the electrical input. 4. The
device of claim 3, further comprising at least one
sensor in electrical communication with the
servo-controller, the sensor sensing a physical
property and the servo-controller generating the
electrical input responsive to the sensed physical
property. 5. The device of claim 4, wherein the sensed
physical property is one or more of: position, force,
pressure, current, and voltage.6. The device of claim
3, further comprising a remote communications
interface in electrical communication with the
controller, the controller generating the electrical
input responsive to a communication received through
the remote communications interface. 7. The device of
claim 3, further comprising an analyzer adapted to
analyze a sample collected from the body, the
servo-controller adapted to provide the electrical
input responsive to the analyzed sample. 8. The device
of claim 1, wherein the controllable electromagnetic
actuator is bi-directional, generating a positive
force responsive to a first electrical input and a
negative force responsive to a second electrical
input. 9. The device of claim 1, wherein the
electromagnetic actuator forces the substance through
a nozzle producing a jet having sufficient velocity to
pierce the surface of the biological body. 10. The
device of claim 1, further comprising a rechargeable
power source, used in production of the electrical
input. 11. The device of claim 10, wherein the
controllable electromagnetic actuator is adapted to
recharge the rechargeable power source. 12. The device
of claim 11, further comprising a releasable
mechanical attachment adapted to recharge the
rechargeable power source using the controllable
electromagnetic actuator. 13. The device of claim 1,
wherein the device is adapted to provide a plurality
of successive independent needle-free transfers.14.
The device of claim 1, wherein the reservoir, the
nozzle, and the controllable electrical actuator are
combined in a portable, hand-held unit. 15. The device
of claim 1, wherein a rise-time of the generated force
is less than about 5 milliseconds. 16. The device of
claim 1, wherein the reservoir stores a volume of
about 300 micro-liters, the force being sufficient in
both magnitude and duration to transfer the full 300
micro-liters or any portion thereof. 17. A linear
electromagnetic actuator comprising: a stationary
magnet assembly providing a magnetic field; a coil
assembly receiving an electrical input, the coil
assembly slidably disposed with respect to the magnet
assembly; and a stationary bearing surface formed over
a length that abuts the magnet assembly a first
bearing surface defined along a distal portion of the
coil assembly and adapted to slide relative to the
stationary bearing surface. 18. The linear
electromagnetic actuator of claim 17 further
comprising a second bearing surface defined along a
proximal portion of the coil assembly also adapted to
slide relative to the stationary bearing surface. 19.
A method for transferring a substance across a surface
of a body comprising the steps of: applying an
electrical input to a controllable electromagnetic
actuator; producing with the electromagnetic actuator
a mechanical force corresponding to the electrical
input; applying the mechanical force to a reservoir
coupled at one end to a nozzle, the mechanical force
producing a pressure within the reservoir, amagnitude
of the pressure varying with the mechanical force and
causing transfer of the substance across the surface
of the body; 



sensing, during the transfer of the substance, a
physical property; and varying the applied electrical
input during the transfer of the substance responsive
to the sensed physical property to produce a
corresponding variation in the applied mechanical
force. 20. The method of claim 19, wherein the applied
force produces a positive pressure ejecting at least a
portion of the substance from the reservoir through
the nozzle, the ejected substance producing a jet
having sufficient velocity to pierce the surface of
the body. 2 1. The method of claim 20, wherein the
applied force is bi-directional, depending upon the
applied electrical input producing a positive pressure
responsive to a first electrical input and a negative
pressure responsive to a second input, the negative
pressure creating a vacuum within the reservoir, the
vacuum causing transfer of the substance from the body
to the reservoir. 22. The method of claim 19, wherein
the step of applying an electrical input comprises
applying a first electrical input to the controllable
electromagnetic actuator producing therewith a
positive force ejecting a portion of the substance
through the nozzle at a sufficient velocity. 23. A
method of treating a disease comprising: collecting
with a first needle-free transdermal transport device
a sample from the body; determining dosage of an
active compound responsive to the collected sample;
transferring with a second needle-free transdermal
transport device the determined dosage of active
compound to the body. 24. The method of claim 23,
wherein the collecting step comprises:injecting with
the needle-free transdermal transport device a first
substance into the body; and withdrawing with the
needle-free transdermal transport device a sample
comprising at least a portion of the first substance
and at least a portion of the body. 25. The method of
claim 24, wherein the first substance is a
substantially biologically inert substance. 26. The
method of claim 24, wherein the active compound is
insulin. 27. A method for transferring a substance
across a surface of a body comprising the steps of:
providing a Lorentz force actuator; applying an
electrical current to the Lorentz force actuator, the
current inducing a force to transfer the substance
across the surface of the body. 28. A needle-free
transdermal transport device for transferring a
substance across a surface of a biological body
comprising: electromagnetic actuator means for
applying the mechanical force to a reservoir coupled
at one end to a nozzle, the mechanical force producing
a pressure within the reservoir, a magnitude of the
pressure varying with the mechanical force and causing
transfer of the substance across the surface of the
body; means for sensing during transfer of the
substance a physical property; and means for varying
the applied electrical input responsive to the sensed
physical property to produce a corresponding variation
in the applied mechanical force. 


