
METHODS AND REAGENTS FOR THE TREATMENT OF METABOLICDISORDERS Background of
the Invention The invention relates to the treatment, prevention, and
reduction of metabolic disorders, such as diabetes and obesity. As the
levels of blood glucose rise postprandially, insulin is secreted and
stimulates cells of the peripheral tissues (skeletal muscles and fat) to
actively take up glucose from the blood as a source of energy. Loss of
glucose homeostasis as a result of faulty insulin secretion or action
typically results in metabolic disorders such as diabetes, which may be
co-triggered or further exacerbated by obesity. Because these conditions
are often fatal, strategies to restore adequate glucose clearance from the
bloodstream are required. Although diabetes may arise secondary to any
condition that causes extensive damage to the pancreas (e.g., pancreatitis,
tumors, administration of certain drugs such as corticosteroids or
pentamidine, iron overload (e.g., hemochromatosis), acquired or genetic
endocrinopathies, and surgical excision), the most common forms of diabetes
typically arise from primary disorders of the insulin signaling system.
There are two major types of diabetes, namely type 1 diabetes (also known
as insulin dependent diabetes (IDDM)) and type 2 diabetes (also known as
insulin independent or non-insulin dependent diabetes (NIDDM)), which share
common long-term complications in spite of their different pathogenic
mechanisms. Type 1 diabetes, which accounts for approximately 10% of all
cases of primary diabetes, is an organ-specific autoimmune disease
characterized by the extensive destruction of the insulin-producing beta
cells of the pancreas.The consequent reduction in insulin production
inevitably leads to the deregulation of glucose metabolism. While the
administration of insulin provides significant benefits to patients
suffering from this condition, the short serum half-life of insulin is a
major impediment to the maintenance of normoglycemia. An alternative
treatment is islet transplantation, but this strategy has been associated
with limited success. Type 2 diabetes, which affects a larger proportion of
the population, is characterized by a deregulation in the secretion of
insulin and/or a decreased response of peripheral tissues to insulin, i.e.,
insulin resistance. While the pathogenesis of type 2 diabetes remains
unclear, epidemiologic studies suggest that this form of diabetes results
from a collection of multiple genetic defects or polymorphisms, each
contributing its own predisposing risks and modified by environmental
factors, including excess weight, diet, inactivity, drugs, and excess
alcohol consumption. Although various therapeutic treatments are available
for the management of type 2 diabetes, they are associated with various
debilitating side effects. Accordingly, patients diagnosed with or at risk
of having type 2 diabetes are often advised to adopt a healthier lifestyle,
including loss of weight, change in diet, exercise, and moderate alcohol
intake. Such lifestyle changes, however, are not sufficient to reverse the
vascular and organ damages caused by diabetes. Given that the strategies
currently available for the management of diabetes are suboptimal, there is
a compelling need for treatments that are more effective and are not
associated with such debilitating side-effects. Summary of the Invention
The present invention features compositions, methods, and kits for
treating, preventing, and reducing metabolic disorders. This invention is
particularly useful for treating patients having or at risk of having any
condition that is characterizedby a state of hyperglycemia, which may be
caused, for example, by an alteration in the insulin signaling pathway
(e.g., a reduction in insulin production, resistance to insulin, or both).
Exemplary disorders amenable to treatment according to this invention are
obesity, diabetes (e.g., type 1 diabetes, type 2 diabetes, maturityonset
diabetes of the young (MODY), and gestational diabetes), satiety, endocrine
deficiencies of aging, and any of their associated complications (e.g.,
Syndrome X, diabetic retinopathy, diabetic nephropathy, diabetic
neuropathy, peripheral vascular disease, hyperlipidemia, hypertension,
atherosclerosis, and coronary heart 



disease). In a first aspect, the invention features a composition that
includes (a) bezafibrate or an analog thereof; and (b) diflunisal or an
analog thereof, wherein the bezafibrate and diflunisal are present in
amounts that, when administered to a patient, are sufficient to treat,
prevent, or reduce a metabolic disorder (e.g., diabetes or obesity).
Exemplary combinations are bezafibrate and diflunisal; bezafibrate and
bismuth subsalicylate; bezafibrate and nimosulide; bezafibrate and
oxaprozin; bezafibrate and diclofenac; bezafibrate and sundilac;
bezafibrate and ibuprofen; clofibrate and diflunisal; clofibrate and
bismuth subsalicylate; clofibrate and nimosulide; clofibrate and oxaprozin;
clofibrate and diclofenac; clofibrate and sundilac; clofibrate and
ibuprofen; clofibrinc acid and diflunisal; clofibric acid and bismuth
subsalicylate; clofibric acid and nimosulide; clofibric acid and oxaprozin;
clofibric acid and diclofenac; clofibric acid and sundilac; clofibric acid
and ibuprofen; clinofibrate and diflunisal; clinofibrate and bismuth
subsalicylate; clinofibrate and nimosulide; clinofibrate and oxaprozin;
clinofibrate and diclofenac; clinofibrate and sundilac; clinofibrate and
ibuprofen; gemfibrozil and diflunisal; gemfibrozil and bismuth
subsalicylate; gemfibrozil and nimosulide; gemfibrozil and oxaprozin;
gemfibrozil and diclofenac; gemfibrozil and sundilac; and gemfibrozil and
ibuprofen.In a second aspect, the invention features a composition that
includes (a) bezafibrate or an analog thereof; and (b) cinnamic acid or an
analog thereof, wherein the bezafibrate and difhmisal are present in
amounts that, when administered to a patient, are sufficient to treat,
prevent, or reduce a metabolic disorder. Exemplary bezafibrate analogs are
binifibrate, ciprofibrate, clinofibrate, clofibrate, clofibric acid,
etofibrate, fenofibrate, or gemfibrozil. In either of the foregoing
aspects, the composition may include a third agent selected from the group
consisting of sulfonylureas, non-sulfonylurea secretagogues, insulin,
insulin analogs, glucagon-like peptides, exendin-4 polypeptides, beta 3
adrenoceptor agonists, PPAR agonists, dipeptidyl peptidase IV inhibitors,
biguanides, alpha-glucosidase inhibitors, immunomodulators, statins and
statin-containing combinations, angiotensin converting enzyme inhibitors,
adenosine Al receptor agonists, adenosine A2 receptor agonists, aldosterone
antagonists, alpha 1 adrenoceptor antagonists, alpha 2 adrenoceptor
agonists, alpha 2 adrenoceptor agonists, angiotensin receptor antagonists,
antioxidants, ATPase inhibitors, atrial peptide agonists, beta adrenoceptor
antagonists, calcium channel agonists, calcium channel antagonists,
diuretics, dopamine Dl receptor agonists, endopeptidase inhibitors,
endothelin receptor antagonists, guanylate cyclase stimulants,
phosphodiesterase V inhibitors, protein kinase inhibitors, Cdc2 kinase
inhibitors, renin inhibitors, thromboxane synthase inhibitors,
vasopeptidase inhibitors, vasopressin I antagonists, vasopressin 2
antagonists, angiogenesis inhibitors, advanced glycation end product
inhibitors, bile acid binding agents, bile acid transport inhibitors, bone
formation stimulants, apolipoprotein Al agonists, DNA topoisomerase
inhibitors, cholesterol absorption inhibitors, cholesterol antagonists,
cholesteryl ester transfer protein antagonists, cytokine synthesis
inhibitors, DNA polymerase inhibitors, dopamine D2 receptor agonists,
endothelin receptor antagonists, growth hormone antagonists, insulin
sensitizers, lipaseinhibitors, lipid peroxidation inhibitors, lipoprotein A
antagonists, microsomal transport protein inhibitors, microsomal
triglyceride transfer protein inhibitors, nitric oxide synthase inhibitors,
oxidizing agents, phospholipase A2 inhibitors, radical formation agonists,
platelet aggregation antagonists, prostaglandin synthase stimulants,
reverse cholesterol transport activators, rho kinase inhibitors, selective
estrogen receptor modulators, squalene epoxidase inhibitors, squalene
synthase inhibitors, thromboxane A2 antagonists, amylin agonists,
cannabinoid receptor antagonists, cholecystokinin A agonists,
corticotropin-releasing factor agonists, dopamine uptake inhibitors, G
protein-coupled receptor modulators, glutamate antagonists, glucagon-like
peptide- 1 agonists, insulin sensitizers, lipase inhibitors,
melanin-concentrating hormone receptor antagonists, nerve growth factor
agonists, neuropeptide Y agonists, neuropeptide Y antagonists, SNRIs,
protein tyrosine phosphatase inhibitors, and serotonin 2C receptor
agonists. 



The compositions of the invention may be formulated for oral administration
or systemic administration. The invention also features a method for
treating, preventing, or reducing a metabolic disorder in a patient in need
thereof by administering to the patient (i) bezafibrate or an analog
thereof; and (ii) diflunisal or an analog thereof, wherein the bezafibrate
and diflunisal are administered in amounts that together are sufficient to
treat, prevent, or reduce a metabolic disorder. Exemplary combinations are
bezafibrate and diflunisal; bezafibrate and bismuth subsalicylate;
bezafibrate and nimosulide; bezafibrate and oxaprozin; bezafibrate and
diclofenac; bezafibrate and sundilac; bezafibrate and ibuprofen; clofibrate
and diflunisal; clofibrate and bismuth subsalicylate; clofibrate and
nimosulide; clofibrate and oxaprozin; clofibrate and diclofenac; clofibrate
and sundilac; clofibrate and ibuprofen; clofibrinc acid and diflunisal;
clofibric acid and bismuth subsalicylate; clofibric acid and nimosulide;
clofibric acid and oxaprozin; clofibric acid and diclofenac; clofibric acid
and sundilac; clofibric acid and ibuprofen; clinofibrateand diflunisal;
clinofbrate and bismuth subsalicylate; clinofibrate and nimosulide;
clinofbrate and oxaprozin; clinofibrate and diclofenac; clinofibrate and
sundilac; clinofibrate and ibuprofen; gemfibrozil and diflunisal;
gemfibrozil and bismuth subsalicylate; gemfibrozil and nimosulide;
gemfibrozil and oxaprozin; gemfibrozil and diclofenac; gemfibrozil and
sundilac; and gemfibrozil and ibuprofen. The invention also features a
method for treating, preventing, or reducing a metabolic disorder in a
patient in need thereof by administering to the patient (i) bezafibrate or
an analog thereof; and (ii) cinnamic acid or an analog thereof, wherein the
bezafibrate and cinnamic acid are administered in amounts that together are
sufficient to treat, prevent, or reduce a metabolic disorder. In either of
the foregoing aspects, the patient may also be administered a third agent
selected from the group consisting of sulfonylureas, non-sulfonylurea
secretagogues, insulin, insulin analogs, glucagon-like peptides, exendin-4
polypeptides, beta 3 adrenoceptor agonists, PPAR agonists, dipeptidyl
peptidase IV inhibitors, biguanides, alpha-glucosidase inhibitors,
immunomodulators, statins and statin-containing combinations, angiotensin
converting enzyme inhibitors, adenosine Al receptor agonists, adenosine A2
receptor agonists, aldosterone antagonists, alpha 1 adrenoceptor
antagonists, alpha 2 adrenoceptor agonists, alpha 2 adrenoceptor agonists,
angiotensin receptor antagonists, antioxidants, ATPase inhibitors, atrial
peptide agonists, beta adrenoceptor antagonists, calcium channel agonists,
calcium channel antagonists, diuretics, dopamine Dl receptor agonists,
endopeptidase inhibitors, endothelin receptor antagonists, guanylate
cyclase stimulants, phosphodiesterase V inhibitors, protein kinase
inhibitors, Cdc2 kinase inhibitors, renin inhibitors, thromboxane synthase
inhibitors, vasopeptidase inhibitors, vasopressin I antagonists,
vasopressin 2 antagonists, angiogenesis inhibitors, advanced glycation end
product inhibitors, bile acid binding agents, bile acid transport
inhibitors, bone formation stimulants, apolipoprotein Al agonists, DNA
topoisomerase inhibitors, cholesterol absorption inhibitors,
cholesterolantagonists, cholesteryl ester transfer protein antagonists,
cytokine synthesis inhibitors, DNA polymerase inhibitors, dopamine D2
receptor agonists, endothelin receptor antagonists, growth hormone
antagonists, insulin sensitizers, lipase inhibitors, lipid peroxidation
inhibitors, lipoprotein A antagonists, microsomal transport protein
inhibitors, microsomal triglyceride transfer protein inhibitors, nitric
oxide synthase inhibitors, oxidizing agents, phospholipase A2 inhibitors,
radical formation agonists, platelet aggregation antagonists, prostaglandin
synthase stimulants, reverse cholesterol transport activators, rho kinase
inhibitors, selective estrogen receptor modulators, squalene epoxidase
inhibitors, squalene synthase inhibitors, thromboxane A2 antagonists,
amylin agonists, cannabinoid receptor antagonists, cholecystokinin A
agonists, corticotropin-releasing factor agonists, dopamine uptake
inhibitors, G protein-coupled receptor modulators, glutamate antagonists,
glucagon-like peptide- 1 agonists, insulin sensitizers, lipase inhibitors,
melanin-concentrating hormone receptor antagonists, nerve growth factor
agonists, neuropeptide Y agonists, neuropeptide Y antagonists, SNRIs,
protein tyrosine phosphatase inhibitors, and serotonin 2C receptor
agonists. The two drugs may be formulated for oral administration or
systemic 



administration. The first and second agents are desirably administered
within 10 days of each other, within 7 days of each other, within 24 hours
of each other, or within 1 hour of each other. The invention also features
a kit that includes (i) bezafibrate or an analog thereof; and (ii)
instructions for administering bezafibrate and cinnamic acid or an analog
thereof to a patient having or at risk of having a metabolic disorder. The
invention also features a kit that includes (i) bezafibrate or an analog
thereof; and (ii) instructions for administering bezafibrate and diflunisal
or an analog thereof to a patient having or at risk of having a metabolic
disorder.The invention also features a kit that includes (i) diflunisal or
an analog thereof; and (ii) instructions for administering diflunisal and
bezafibrate or an analog thereof to a patient having or at risk of having a
metabolic disorder. The invention also features a kit that includes (i)
cinnamic acid or an analog thereof; and (ii) instructions for administering
cinnamic acid and bezafibrate or an analog thereof to a patient having or
at risk of having a metabolic disorder. The invention also features a kit
that includes (i) a composition containing bezafibrate or an analog thereof
and cinnamic acid or an analog thereof; and (ii) instructions for
administering the composition to a patient having or at risk of having a
metabolic disorder. The invention also features a kit that includes (i) a
composition containing bezafibrate or an analog thereof and diflunisal or
an analog thereof; and (ii) instructions for administering the composition
to a patient having or at risk of having a metabolic disorder. The
invention also features a kit that includes (i) bezafibrate or an analog
thereof; (ii) cinnamic acid or an analog thereof; and (iii) instructions
for administering bezafibrate and cinnamic acid to a patient having or at
risk of having a metabolic disorder. The invention also features a kit that
includes (i) bezafibrate or an analog thereof; (ii) diflunisal or an analog
thereof; and (iii) instructions for administering bezafibrate and
diflunisal to a patient having or at risk of having a metabolic disorder.
The invention also features a composition that includes (a) a PPAR agonist;
and (b) diflunisal or an analog thereof, wherein the PPAR agonist and
diflunisal are present in amounts that, when administered to a patient, are
sufficient to treat, prevent, or reduce a metabolic disorder. The invention
also features a composition that includes (a) a PPAR agonist; and(b)
cinnamic acid or an analog thereof, wherein the PPAR agonist and diflunisal
are present in amounts that, when administered to a patient, are sufficient
to treat, prevent, or reduce a metabolic disorder. In either of the
foregoing aspects, the patient may also be administered a third agent
selected from the group consisting of sulfonylureas, non-sulfonylurea
secretagogues, insulin, insulin analogs, glucagon-like peptides, exendin-4
polypeptides, beta 3 adrenoceptor agonists, PPAR agonists, dipeptidyl
peptidase IV inhibitors, biguanides, alpha-glucosidase inhibitors,
immunomodulators, statins and statin-containing combinations, angiotensin
converting enzyme inhibitors, adenosine Al receptor agonists, adenosine A2
receptor agonists, aldosterone antagonists, alpha 1 adrenoceptor
antagonists, alpha 2 adrenoceptor agonists, alpha 2 adrenoceptor agonists,
angiotensin receptor antagonists, antioxidants, ATPase inhibitors, atrial
peptide agonists, beta adrenoceptor antagonists, calcium channel agonists,
calcium channel antagonists, diuretics, dopamine Dl receptor agonists,
endopeptidase inhibitors, endothelin receptor antagonists, guanylate
cyclase stimulants, phosphodiesterase V inhibitors, protein kinase
inhibitors, Cdc2 kinase inhibitors, renin inhibitors, thromboxane synthase
inhibitors, vasopeptidase inhibitors, vasopressin I antagonists,
vasopressin 2 antagonists, angiogenesis inhibitors, advanced glycation end
product inhibitors, bile acid binding agents, bile acid transport
inhibitors, bone formation stimulants, apolipoprotein Al agonists, DNA
topoisomerase inhibitors, cholesterol absorption inhibitors, cholesterol
antagonists, cholesteryl ester transfer protein antagonists, cytokine
synthesis inhibitors, DNA polymerase inhibitors, dopamine D2 receptor
agonists, endothelin 



receptor antagonists, growth hormone antagonists, insulin sensitizers,
lipase inhibitors, lipid peroxidation inhibitors, lipoprotein A
antagonists, microsomal transport protein inhibitors, microsomal
triglyceride transfer protein inhibitors, nitric oxide synthase inhibitors,
oxidizing agents, phospholipase A2 inhibitors, radical formation agonists,
platelet aggregation antagonists, prostaglandinsynthase stimulants, reverse
cholesterol transport activators, rho kinase inhibitors, selective estrogen
receptor modulators, squalene epoxidase inhibitors, squalene synthase
inhibitors, thromboxane A2 antagonists, amylin agonists, cannabinoid
receptor antagonists, cholecystokinin A agonists, corticorropin-releasing
factor agonists, dopamine uptake inhibitors, G protein-coupled receptor
modulators, glutamate antagonists, glucagon-like peptide- 1 agonists,
insulin sensitizers, lipase inhibitors, melanin-concentrating hormone
receptor antagonists, nerve growth factor agonists, neuropeptide Y
agonists, neuropeptide Y antagonists, SNRIs, protein tyrosine phosphatase
inhibitors, and serotonin 2C receptor agonists. The compositions of the
invention may be formulated for oral administration or systemic
administration. The invention also features a method for treating,
preventing, or reducing a metabolic disorder in a patient in need thereof
by administering to the patient (i) a PPAR agonist; and (ii) diflunisal or
an analog thereof, wherein the PPARg agonist and diflunisal are
administered in amounts that together are sufficient to treat, prevent, or
reduce a metabolic disorder. The invention also features a method for
treating, preventing, or reducing a metabolic disorder in a patient in need
thereof by administering to the patient (i) a PPAR agonist; and (ii)
cinnamic acid or an analog thereof, wherein the PPARg agonist and cinnamic
acid are administered in amounts that together are sufficient to treat,
prevent, or reduce a metabolic disorder. The invention also features a kit
that includes (i) a PPAR agonist; and (ii) instructions for administering
the PPAR agonist and cinnamic acid or an analog thereof to a patient having
or at risk of having a metabolic disorder. The invention features a kit
that includes (i) a PPAR agonist; and (ii) instructions for administering
the PPAR agonist and diflunisal or an analog thereof to a patient having or
at risk of having a metabolic disorder.The invention features a kit that
includes (i) diflunisal or an analog thereof; and (ii) instructions for
administering diflunisal and a PPAR agonist or an analog thereof to a
patient having or at risk of having a metabolic disorder. The invention
also features a kit that includes (i) cinnamic acid or an analog thereof;
and (ii) instructions for administering cinnamic acid and a PPAR agonist or
an analog thereof to a patient having or at risk of having a metabolic
disorder. The invention also features a kit that includes (i) a composition
containing a PPAR agonist or an analog thereof and cinnamic acid or an
analog thereof; and (ii) instructions for administering the composition to
a patient having or at risk of having a metabolic disorder. The invention
also features a kit that includes (i) a composition containing a PPAR
agonist or an analog thereof and diflunisal or an analog thereof; and (ii)
instructions for administering the composition to a patient having or at
risk of having a metabolic disorder. The invention also features a kit that
includes (i) a PPAR agonist or an analog thereof; (ii) cinnamic acid or an
analog thereof; and (iii) instructions for administering the PPAR agonist
and cinnamic acid to a patient having or at risk of having a metabolic
disorder. The invention also features a kit that includes (i) a PPAR
agonist or an analog thereof; (ii) diflunisal or an analog thereof; and
(iii) instructions for administering the PPAR agonist and diflunisal to a
patient having or at risk of having a metabolic disorder. In any of the
foregoing lits, the PPAR agonist is desirably a PPARg agonist (e.g.,
balaglitazone, troglitazone, pioglitazone, ciglitazone, englitazone,
rosiglitazone, darglitazone, englitazone, netoglitazone, KRP-297, JTT-501,
NC- 2100, NIP-223, MCC-555, L-764486, CS-01 1, GI262570, GW347845, or
FK614).The invention also features a method of treating a metabolic
disorder by administering to a mammal (e.g., human) one or more agents
listed in Table 1 in an amount sufficient to treat, prevent, or reduce the
metabolic disorder. 



For example, the mammal being treated may be administered two agents listed
in Table 1 within 28 days of each other in amounts that together are
sufficient to treat, prevent, or reduce the metabolic disorder. The two
agents are desirably administered within 14 days of each other, more
desirably within seven days of each other, and even more desirably within
twenty-four hours of each other, or even simultaneously (i.e.,
concomitantly). If desired, either one of the two agents may be
administered in low dosage. Optionally, the mammal being treated may
receive an additional therapeutic regimen. If a therapeutic agent is
employed as the additional therapeutic regimen, the agent or agents from
Table 1 and the additional agent are present in amounts that, when
administered to a mammal, are together sufficient to treat, prevent, or
reduce a metabolic disorder. The additional agent may be selected from the
group consisting of sulfonylureas, non-sulfonylurea secretagogues, insulin,
insulin analogs, glucagon-like peptides, exendin-4 polypeptides, beta 3
adrenoceptor agonists, PPAR agonists, dipeptidyl peptidase IV inhibitors,
biguanides, alphaglucosidase inhibitors, immunomodulators, statins and
statin-containing combinations, angiotensin converting enzyme inhibitors,
adenosine Al receptor agonists, adenosine A2 receptor agonists, aldosterone
antagonists, alpha 1 adrenoceptor antagonists, alpha 2 adrenoceptor
agonists, alpha 2 adrenoceptor agonists, angiotensin receptor antagonists,
antioxidants, ATPase inhibitors, atrial peptide agonists, beta adrenoceptor
antagonists, calcium channel agonists, calcium channel antagonists,
diuretics, dopamine Dl receptor agonists, endopeptidase inhibitors,
endothelin receptor antagonists, guanylate cyclase stimulants,
phosphodiesterase V inhibitors, protein kinase inhibitors, Cdc2 kinase
inhibitors, renin inhibitors, thromboxane synthase inhibitors,
vasopeptidase inhibitors,vasopressin I antagonists, vasopressin 2
antagonists, angiogenesis inhibitors, advanced glycation end product
inhibitors, bile acid binding agents, bile acid transport inhibitors, bone
formation stimulants, apolipoprotein Al agonists, DNA topoisomerase
inhibitors, cholesterol absorption inhibitors, cholesterol antagonists,
cholesteryl ester transfer protein antagonists, cytokine synthesis
inhibitors, DNA polymerase inhibitors, dopamine D2 receptor agonists,
endothelin receptor antagonists, growth hormone antagonists, insulin
sensitizers, lipase inhibitors, lipid peroxidation inhibitors, lipoprotein
A antagonists, microsomal transport protein inhibitors, microsomal
triglyceride transfer protein inhibitors, nitric oxide synthase inhibitors,
oxidizing agents, phospholipase A2 inhibitors, radical formation agonists,
platelet aggregation antagonists, prostaglandin synthase stimulants,
reverse cholesterol transport activators, rho kinase inhibitors, selective
estrogen receptor modulators, squalene epoxidase inhibitors, squalene
synthase inhibitors, thromboxane A2 antagonists, amylin agonists,
cannabinoid receptor antagonists, cholecystokinin A agonists,
corticotropin-releasing factor agonists, dopamine uptake inhibitors, G
protein-coupled receptor modulators, glutamate antagonists, glucagon-like
peptide- 1 agonists, insulin sensitizers, lipase inhibitors,
melanin-concentrating hormone receptor antagonists, nerve growth factor
agonists, neuropeptide Y agonists, neuropeptide Y antagonists, SNRIs,
protein tyrosine phosphatase inhibitors, and serotonin 2C receptor
agonists. If desired, more than one therapeutic agent may be used with any
of the agents listed in Table 1.Table 1If the mammal is administered more
than one agent, the different agents may be admixed together in a single
formulation. When administered in separate formulations, the agents maybe
administered simultaneously or within 14 days, 7 days, or 1 day of each
other. These agents may or may not be administered by the same route of
administration (e.g., oral, intravenous, intramuscular, ophthalmic,
topical, dermal, sub-cutaneous, and rectal). Optionally, the additional
therapeutic regimen may involve a lifestyle change, including the adoption
of a low-fat diet or low-sodium diet, stress management, physical exercise,
reduction in alcohol intake, or reduction in smoking. In a further aspect,
the present invention features a kit that includes any one of the agents
listed in Table 1 and instructions for its administration to a patient
having or at risk of having a metabolic disorder. Optionally, the kit
contains two, three, four, or more than four agents from Table 1 that may
or may not be admixed 



in the same formulation. This kit may also contain instructions for
administering this agent with a second agent listed in Table 1. The
invention also features a kit that includes (a) one, two, three, or more
agents listed in Table 1 and (b) one or more of the following agents: a
sulfonylurea, non-sulfonylurea secretagogue, insulin, insulin analog,
glucagon-like peptide, exendin-4, YM178, FK614, dipeptidyl peptidase IV
inhibitor, biguanide, thiazalidinedione, alpha-glucosidase inhibitor,
immunosuppressant, immmunomodulator, angiotensin converting enzyme (ACE)
inhibitor, angiotensin II receptor blocker, or antioxidant. The kit also
includes instructions for administering these agents to a patient having or
at risk of having a metabolic disorder. Alternatively, the kit of the
invention may contain one, two, three, or more agent listed in Table 1 or
any one of the following agents: a sulfonylurea, nonsulfonylurea
secretagogue, insulin, insulin analog, glucagon-like peptide, exendin- 4,
YM178, FK614, dipeptidyl peptidase IV inhibitor, biguanide,
thiazalidinedione,alpha-glucosidase inhibitor, immunosuppressant,
immmunomodulator, angiotensin converting enzyme (ACE) inhibitor,
angiotensin II receptor blocker, and antioxidant, as well as instructions
for administering these two agents together to a patient having or at risk
of having a metabolic disorder. The invention also features a method of
identifying a combination of agents useful for the treatment, prevention,
or reduction of a metabolic disorder, involving the steps of: (a)
contacting cells with an agent listed in Table 1 and a candidate compound;
and (b) determining whether this combination of agents reduces glucose
levels relative to cells contacted only with the agent from Table 1 but not
contacted with the candidate compound. A reduction in glucose levels
identifies the combination as being useful for the treatment, prevention,
or reduction of a metabolic disorder. Glucose levels may be reduced, for
example, by altering insulin signaling (therefore increasing glucose uptake
into cells and subsequent storage or metabolism, for example), altering
glucose transporter activity (e.g., increasing GLUT4 expression,
translocation, or intrinsic activity), increasing the amount of
insulin-sensitive tissue (e.g., by increasing adipocyte or muscle cell
differentiation), or altering gene transcription in adipocytes or muscle
cells (e.g., altered secretion of factors from adipocytes and expression of
metabolic pathway genes). For example, the screening method for identifying
a useful therapeutic combination involves the steps of: (a) contacting
cells with an agent listed in Table 1 and a candidate compound; and (b)
determining whether this combination of agents alters insulin signaling
such that glucose levels are reduced relative to cells contacted with the
agent from Table 1but not contacted with the candidate compound. An
alteration in insulin signaling that reduces glucose levels identifies the
combination as being useful for the treatment, prevention, or reduction of
a metabolic disorder.Mammalian (e.g., human) cells may be employed in any
of the screening methods described herein. Particularly useful cells are
muscle cells, intestinal cells, adipocytes, liver cells, and pancreatic
cells. Optionally, these cells have an alteration in insulin signaling
activity such that glucose levels are increased. Such a reduction in
glucose levels may result from an increase in insulin production, an
increase in insulin secretion, an increase in glucose uptake by peripheral
tissues, a reduction in hepatic glucose production, or a reduction in the
absorption of carbohydrates from the intestines. Analogs of any of the
compounds listed in Table 1 may be used in any of the methods, kits, and
compositions of the invention. Such analogs include any agent from the same
chemical class, mechanistic class, or therapeutic class as those listed in
Table 2. Table 2MICRO HEAT PIPE WITH WEDGE CAPILLARIES FIELD The invention
relates generally to passive cooling schemes, and more particularly heat
pipes for cooling electronic assemblies used in automatic test equipment. 



BACKGROUND Thermal management is a significant issue facing the electronics
industry in light of ever-increasing IC component power levels and power
densities. Heat pipes provide an important means of passively and
inexpensively transporting heat away from an electronic component to an
area more accessible to higher capacity cooling systems. Conventional heat
pipes often comprise an elongated sealed tube that houses a fluid and a
wicking structure. One end of the tube, known as the evaporator, is brought
into contact with a heat generating component. Thermal conductivity between
the heat generating component and the tube causes the fluid in the
evaporator to vaporize, where it is forced by pressure to the opposite end
of the heat pipe, referred to as the condenser. In the condenser, the
vaporized fluid condenses and releases its latent heat of vaporization. The
wicking structure operates to draw the fluid back from the condenser to the
evaporator. Consequently, the heat pipe thermal transport capability often
depends on the wicking structure performance. Traditional wicks used in
heat pipes typically take on a variety of forms, such as triangles or
grooves, to draw the fluid back to the evaporator. The angles between
adjacent edges of the grooves are often set apart at relatively wide angles
on the order of sixty degrees or greater in an effort to minimize any vapor
flow impediments. While the conventional wick structures allegedly work
well for their intended applications, the need exists for a heat pipe
having improved wicking action to maximize heat transport. The heat pipe
described herein satisfies this need.SUMMARY The heat pipe described herein
provides low cost passive cooling with enhanced heat transport ability.
This enables the use of low-cost passive cooling techniques for high power
and high density electronic assemblies. To realize the foregoing
advantages, the heat pipe in one form comprises a heat pipe comprising an
elongated hollow housing having a condenser end and an evaporator end. A
corrugated wick is disposed within the housing. The wick comprises a
plurality of wedge-shaped capillaries extending from the condenser end to
the evaporator end. A liquid is set in fluid communication with the
corrugated wick. In another form, the heat pipe comprises a multi-chip
module assembly. The assembly includes a multi-chip module comprising a
substrate and a plurality of integrated circuits disposed on the substrate,
and a heat pipe assembly. The heat pipe assembly comprises a heat sink and
a plurality of heat pipes disposed in thermal contact with the integrated
circuits. Each heat pipe comprises an elongated hollow housing having a
condenser end and an evaporator end. A corrugated wick is disposed within
the housing. The wick comprises a plurality of wedge-shaped capillaries
extending from the condenser end to the evaporator end. A liquid is set in
fluid communication with the corrugated wick. In a further form, the heat
pipe operates in accordance with a method of directing fluid away from the
condenser end of the heat pipe to an evaporator end. The method comprises
the step of wicking the fluid from the condenser to the evaporator over a
plurality of pleated fins having respective wicking angles within the range
of ten to fifteen degrees. Other features and advantages of the present
invention will be apparent from the following detailed description when
read in conjunction with the accompanying drawings.BRIEF DESCRIPTION OF THE
DRAWINGS The heat pipe described herein will be better understood by
reference to the following more detailed description and accompanying
drawings in which FIG. 1 is a partial perspective view of a heat pipe in
accordance with the description provided herein; FIGs. 2a and 2b are
partial perspective views of alternative corrugated wicking structures; 



FIG. 3 is a flow chart of a method of fabricating the heat pipe of Figure
1; and FIG. 4 is an exploded view of a multi-chip module assembly that
employs a plurality of heat pipes shown in Figure 1.DETAILED DESCRIPTION
The heat pipe described herein provides enhanced cooling capability by
employing a wicking structure that operates according to "wedge capillary"
theory. This allows for the use of heat pipes in high-power density cooling
applications to minimize cooling costs. Referring now to Figure 1, the heat
pipe, generally designated 10, includes an elongated hollow housing 12
having a rectangular cross-section. The relative dimensions of the housing
generally depend on the specific application involved, but may range from
one to twelve inches in length, 0.25 to 0.5 inches in width, and from 0.1
to 0.25 inches in height. Preferably, the housing is formed from a
thermally conductive metal such as copper. With further reference to Figure
1, disposed within the housing is a corrugated wick 20. The wick is formed
from a thin pleated copper sheet on the order of from 0.005 inches to 0.008
inches thick to define a plurality of wedge-shaped capillaries. The
capillaries extend longitudinally along the entire length of the housing 12
and comprise folded fins 22 joined together at adjacent edges 24 to form
narrow vertices defining an angle f within the range of between five to
fifteen degrees. Preferably, the intersection point of the fin edges form a
radius no greater than around 0.005 inches. Figure 2 a illustrates one
embodiment of a wicking structure where the folded fins 22 form sharp
contoured grooves for easy insertion into the housing 12 during assembly.
In an alternative embodiment, such as that shown in Figure 2b, the folded
fins 22 define straight V-shaped grooves. Many other variations are
possible. Referring again to Figure 1, the heat pipe 10 further includes a
working fluid 26 such as water, methanol, ammonia, acetone or ethanol to
channel along the folded fins 22. Welds or quick-disconnects (not shown)
disposed at each end of the housing prevent the fluid from escaping the
assembly. The fluid is vacuum sealed within the housing.Referring now to
Figure 3, fabrication of the heat pipe 10 is accomplished via
straightforward steps that define a unique low-cost process, generally
designated 300. First, a suitable piece of thin copper foil is selected and
cleaned, at step 302, to remove surface impurities that might affect fluid
flow. Next, the foil is stamped, at step 304, to form relatively wide
ninetydegree grooves. The grooves are then further refined, at step 306, to
form narrow vertices having angles on the order of from ten to fifteen
degrees. Once the copper foil is properly pleated, it is then inserted into
the hollow housing 12, at step 308. Fluid is then introduced into the
housing, at step 310, and sealed therein by capping the ends of the
housing, at step 312. The sealing process may be accomplished by welding or
mounting quickdisconnects to the condenser and evaporator ends. In
operation, the heat pipe described herein provides enhanced thermal
conductivity due to the corrugated wick 20. This is directly due to the
narrowly defined vertices 24 that enable the wicking structure to transport
the fluid 26 in an improved manner consistent with wedge capillary theory.
In general, wedge capillary theory asserts that based on the wetting angle
of a fluid, two plates can be made to meet at a certain small critical
angle which will transport a column of fluid asymptotically towards an
infinite height. Based on this theory, I have discovered that by employing
folded fins having vertices that define angles of between ten to fifteen
degrees, the wicking action on the fluid may be maximized while preserving
sufficiently wide pathways through the heat pipe 10 for vapor flow. The
enhanced performance of the heat pipe enables its successful implementation
for automatic test equipment (ATE) applications, where the evaporator may
often find itself above the condenser. In such a situation, the wicking
action of the wick needs to be adequate to draw fluid from the 



condenser to the evaporator against gravity, and still maintain a cycle
time sufficient to provide acceptable heat transfer. In one application,
and referring now to Figure 4 , one embodiment of the heat pipe 12 is
employed in a multi-chip module (MCM) 400. The MCM includes a substrate 402
that mounts a plurality of integrated circuits (ICs)404. A heat pipe
assembly 406 thermally contacts the ICs to provide a low cost cooling
mechanism. Further referring to Figure 4, the heat pipe assembly comprises
a rectangular heat sink plate 408 having one end formed with a plurality of
heat pipe fingers 410. Each of the heat pipe fingers are formed consistent
with the construction described above including the wedge capillaries. The
distal evaporator ends of the heat pipes are contoured to allow for direct
thermal coupling to the bare IC dies 404. A protective lid 412 covers the
MCM assembly while exposing the heat sink plate for coupling to a liquid
cooled cold plate (not shown). In operation, as the ICs heat up due to
power dissipation, the evaporator ends of the heat pipe fingers heat up,
causing vaporization of the working fluid at that end. The pressure
gradient developed inside the heat pipe forces the vapor through the folded
fin channels, away from the evaporator end, to the condenser end. The
vaporized fluid then condenses, with the heat thereupon transported to the
heat sink plate via conduction. The cold plate module (not shown) further
draws heat away from the heat sink plate to a high capacity liquid cooling
system to complete the cooling process. Those skilled in the art will
recognize the many benefits and advantages afforded by the present
invention. Of significant importance is the use of a corrugated wick that
operates in accordance with wedge capillary theory to provide enhanced
wicking action of condensed fluid. Additionally, the structure of the
wicking structure enables a low-cost fabrication technique to further
reduce cooling costs. Having thus described several aspects of at least one
embodiment of the heat pipe herein, it is to be appreciated that various
alterations, modifications, and improvements will readily occur to those
skilled in the art. For example, while two specific corrugated wicks were
described and illustrated herein, it is to be understood that a variety of
materials and shapesmay be employed consistent with the wedge capillary
principles described herein for use with the heat pipe to achieve the
improved heat transport capabilities. Further, although specific heat pipe
shapes and sizes were presented herein as examples, a wide variety of
dimensional possibilities exist depending on the application.WHAT IS
CLAIMED IS: 1. A heat pipe comprising: an elongated hollow housing having a
condenser end and an evaporator end; a corrugated wick disposed within the
housing, the corrugated wick comprising a plurality of wedge-shaped
capillaries extending from the condenser end to the evaporator end, the
wedge-shaped capillaries comprising folded fins having angles between
adjacent fins within the range of five to fifteen degrees; and a liquid set
in fluid communication with the corrugated wick. 2. A heat pipe according
to claim 1 wherein: the corrugated wick comprises a pleated copper sheet.
3. A heat pipe according to claim 1 wherein: the housing comprises a
rectangular tube. 4. A heat pipe according to claim 1 wherein: the liquid
comprises water. 5. A heat pipe according to claim 1 wherein: the folded
fins define V-shaped grooves. 6. A heat pipe according to claim 1 wherein:
the folded fins define contoured grooves. 7. A heat pipe according to claim
1 wherein: 



the folded fins define grooves that form a corner radii no greater than
0.005 inches.8. A multi-chip module assembly comprising: a multi-chip
module comprising a substrate and a plurality of integrated circuits
disposed on the substrate; a heat pipe assembly, the heat pipe assembly
comprising a heat sink, a plurality of heat pipes disposed in thermal
contact with the integrated circuits, each heat pipe comprising an
elongated hollow housing having a condenser end and an evaporator end; a
corrugated wick disposed within the housing, the corrugated wick comprising
a plurality of wedge-shaped capillaries extending from the condenser end to
the evaporator end; and a liquid set in fluid communication with the
corrugated wick. 9. A multi-chip module assembly according to claim 8
wherein: the wedge-shaped capillaries comprise folded fins having angles
between adjacent fins within the range often to fifteen degrees. 10. A
multi-chip module assembly according to claim 8 wherein: the corrugated
wick comprises a pleated copper sheet. 11. A multi-chip module assembly
according to claim 8 wherein: the housing comprises a rectangular tube. 12.
A multi-chip module assembly according to claim 8 wherein: the liquid
comprises water. 13. A multi-chip module assembly according to claim 9
wherein: the folded fins define V-shaped grooves. 14. A multi-chip module
assembly according to claim 9 wherein: the folded fins define contoured
grooves.15. A method of directing fluid away from the condenser end of a
heat pipe to an evaporator end, the method comprising the steps: wicking
the fluid from the condenser to the evaporator over a plurality of pleated
fins having respective wicking angles within the range of ten to fifteen
degrees. 16. A heat pipe comprising: an elongated hollow housing having a
condenser end and an evaporator end; a fluid disposed within the housing;
and means for wicking the fluid from the condenser end to the evaporator
end. 17. A heat pipe according to claim 16 wherein the means for wicking
comprises: a corrugated wick disposed within the housing, the corrugated
wick comprising a plurality of wedge-shaped capillaries extending from the
condenser end to the evaporator end. 18. A heat pipe according to claim 17
wherein: the wedge-shaped capillaries comprise folded fins having angles
between adjacent fins within the range of ten to fifteen degrees. 19. A
heat pipe according to claim 17 wherein: the corrugated wick comprises a
pleated copper sheet. 20. A heat pipe according to claim 16 wherein: the
housing comprises a rectangular tube. 2 1. A heat pipe according to claim
16 wherein: the liquid comprises water. 22. A heat pipe according to claim
18 wherein: the folded fins define V-shaped grooves.23. A heat pipe
according to claim 18 wherein: the folded fins define contoured grooves. 


