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USE OF (—)(3-TRIHALOMETHYLPHENOXY)(4 
HALOPHENYL) ACETIC ACID DERIVATIVES FOR 
TREATMENT OF INSULIN RESISTANCE, TYPE 2 

DIABETES AND HYPERLIPIDEMIA 

FIELD OF THE INVENTION 

[0001] The present invention relates to the use of (—) 
(3-trihalomethylphenoXy) (4-halophenyl) acetic acid deriva 
tives and compositions in the treatment of insulin resistance, 
Type 2 diabetes and hyperlipidemia. 

BACKGROUND OF THE INVENTION 

[0002] Diabetes mellitus, commonly called diabetes, 
refers to a disease process derived from multiple causative 
factors and characteriZed by elevated levels of plasma 
glucose, referred to as hyperglycemia. See, e.g., LeRoith, D. 
et al., (eds.), DIABETES MELLITUS (Lippincott-Raven 
Publishers, Philadelphia, Pa. USA. 1996), and all refer 
ences cited therein. According to the American Diabetes 
Association, diabetes mellitus is estimated to affect approXi 
mately 6% of the World population. Uncontrolled hyperg 
lycemia is associated With increased and premature mortal 
ity due to an increased risk for microvascular and 
macrovascular diseases, including nephropathy, neuropathy, 
retinopathy, hypertension, cerebrovascular disease and coro 
nary heart disease. Therefore, control of glucose homeosta 
sis is a critically important approach for the treatment of 
diabetes. 

[0003] There are tWo major forms of diabetes: Type 1 
diabetes (formerly referred to as insulin-dependent diabetes 
or IDDM); and Type 2 diabetes (formerly referred to as 
noninsulin dependent diabetes or NIDDM). 

[0004] Type 1 diabetes is the result of an absolute de? 
ciency of insulin, the hormone Which regulates glucose 
utiliZation. This insulin de?ciency is usually characteriZed 
by [3-cell destruction Within the Islets of Langerhans in the 
pancreas, Which usually leads to absolute insulin de?ciency. 
Type 1 diabetes has tWo forms: Immune-Mediated Diabetes 
Mellitus, Which results from a cellular mediated autoim 
mune destruction of the [3 cells of the pancreas; and Idio 
pathic Diabetes Mellitus, Which refers to forms of the 
disease that have no knoWn etiologies. 

[0005] Type 2 diabetes is a disease characteriZed by insu 
lin resistance accompanied by relative, rather than absolute, 
insulin de?ciency. Type 2 diabetes can range from predomi 
nant insulin resistance With relative insulin de?ciency to 
predominant insulin de?ciency With some insulin resistance. 
Insulin resistance is the diminished ability of insulin to eXert 
its biological action across a broad range of concentrations. 
In insulin resistant individuals, the body secretes abnormally 
high amounts of insulin to compensate for this defect. When 
inadequate amounts of insulin are present to compensate for 
insulin resistance and adequately control glucose, a state of 
impaired glucose tolerance develops. In a signi?cant number 
of individuals, insulin secretion declines further and the 
plasma glucose level rises, resulting in the clinical state of 
diabetes. Type 2 diabetes can be due to a profound resistance 
to insulin stimulating regulatory effects on glucose and lipid 
metabolism in the main insulin-sensitive tissues: muscle, 
liver and adipose tissue. This resistance to insulin respon 
siveness results in insuf?cient insulin activation of glucose 
uptake, oxidation and storage in muscle and inadequate 
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insulin repression of lipolysis in adipose tissue and of 
glucose production and secretion in liver. In Type 2 diabetes, 
free fatty acid levels are often elevated in obese and some 
non-obese patients and lipid oxidation is increased. 

[0006] Premature development of atherosclerosis and 
increased rate of cardiovascular and peripheral vascular 
diseases are characteristic features of patients With diabetes. 
Hyperlipidemia is an important precipitating factor for these 
diseases. Hyperlipidemia is a condition generally character 
iZed by an abnormal increase in serum lipids in the blood 
stream and is an important risk factor in developing athero 
sclerosis and heart disease. For a revieW of disorders of lipid 
metabolism, see, e.g., Wilson, J. et al., (ed.), Disorders of 
Lipid Metabolism, Chapter 23, TeXtbook of Endocrinology, 
9th Edition, B. Sanders Company, Philadelphia, Pa. 
USA. 1998; this reference and all references cited therein 
are herein incorated by reference). Serum lipoproteins are 
the carriers for lipids in the circulation. They are classi?ed 
according to their density: chylomicrons; very loW-density 
lipoproteins (VLDL); intermediate density lipoproteins 
(IDL); loW density lipoproteins (LDL); and high density 
lipoproteins (HDL). Hyperlipidemia is usually classi?ed as 
primary or secondary hyperlipidemia. Primary hyperlipi 
demia is generally caused by genetic defects, While second 
ary hyperlipidemia is generally caused by other factors, such 
as various disease states, drugs, and dietary factors. Alter 
natively, hyperlipidemia can result from both a combination 
of primary and secondary causes of hyperlipidemia. 
Elevated cholesterol levels are associated With a number of 
disease states, including coronary artery disease, angina 
pectoris, carotid artery disease, strokes, cerebral arterioscle 
rosis, and Xanthoma. 

[0007] Dyslipidemia, or abnormal levels of lipoproteins in 
blood plasma, is a frequent occurrence among diabetics, and 
has been shoWn to be one of the main contributors to the 
increased incidence of coronary events and deaths among 
diabetic subjects (see, e.g., Joslin, E. Ann. Chim. Med. 
(1927) 6: 1061-1079). Epidemiological studies since then 
have con?rmed the association and have shoWn a several 
fold increase in coronary deaths among diabetic subjects 
When compared With nondiabetic subjects (see, e.g., Garcia, 
M. J. et al., Diabetes (1974) 23: 105-11 (1974); and Laakso, 
M. and Lehto, S., Diabetes Reviews (1997) 5(4): 294-315). 
Several lipoprotein abnormalities have been described 
among diabetic subjects (HoWard B., et al.,Artherosclerosis 
(1978) 30: 153-162). 
[0008] Previous studies from the 1970’s have demon 
strated the effectiveness of racemic 2-acetamidoethyl 
(4-chlorophenyl) (3-tri?uoromethylphenoXy) acetate (also 
knoWn as “halofenate”) as a potential therapeutic agent to 
treat Type 2 diabetes and hyperlipidemia (see, e.g., Bolhofer, 
W., US. Pat. No. 3,517,050; Jain, A. et al., N. Eng. J: Med. 
(1975) 293: 1283-1286; KudZma, D. et al., Diabetes (1977) 
25: 291-95; Kohl, E. et al., Diabetes Care (1984) 7: 19-24; 
McMahon, F. G. et al., Univ. Mich. Med. Center J. (1970) 
36: 247-248; Simori, C. et al., Lipids (1972) 7: 96-99; 
Morgan, J. P. et al, Clin. Pharmacol. Therap. (1971) 12: 
517-524 and AronoW, W. S. et al., Clin. Pharmacol Ther 
(1973) 14: 358-365). In these previous studies, the effect of 
racemic halofenate on diabetes Was observed When com 
bined With sulfonylureas. A minimal effect on glucose Was 
observed in patients With diabetes treated With racemic 
halofenate alone. HoWever, signi?cant side effects Were 
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noted including gastrointestinal bleeding from stomach and 
peptic ulcers (see, e.g., Friedberg, S. J. et al., Clin. Res. 
(1986) Vol. 34, No. 2: 682A). 

[0009] In addition, there Were some indications of drug 
drug interactions of racemic halofenate With agents such as 
Warfarin sulfate (also referred to as 3-(alpha-acetonylben 
Zyl)-4-hydroXycoumarin or CoumadinTM (Dupont Pharma 
ceuticals, E. I. Dupont de Nemours and Co., Inc., Wilming 
ton, Del. U.S.A.) (see, e.g., Vesell, E. S. and Passantanti, G. 
T., Fed. Proc. (1972) 31(2): 538). CoumadinTM is an anti 
coagulant that acts by inhibiting the synthesis of vitamin K 
dependent clotting factors (Which include Factors II, VII, IX, 
and X, and the anticoagulant proteins C and S). CoumadinTM 
is believed to be stereospeci?cally metaboliZed by hepatic 
microsomal enZymes (the cytochrome P450 enZymes). The 
cytochrome P450 isoZymes involved in the metabolism of 
Coumadin include 2C9, 2C19, 2C8, 2C18, IA2, and 3A4. 
2C9 is likely to be the principal form of human liver P450 
Which modulates in vivo drug metabolism of several drugs 
including the anticoagulant activity of CoumadinTM (see, 
e.g., Miners, J. O. et al., Bri. J. Clin. Pharmacol. (1998) 45: 
525-538). 
[0010] Drugs that inhibit the metabolism of CoumadinTM 
result in a further decrease in vitamin K dependent clotting 
factors that prevents coagulation more than desired in 
patients receiving such therapy (i.e., patients at risk for 
pulmonary or cerebral embolism from blood clots in their 
loWer extremities, heart or other sites). Simple reduction of 
the dose of anticoagulant is often difficult as one needs to 
maintain adequate anticoagulation to prevent blood clots 
from forming. The increased anticoagulation from drug 
drug interaction results in a signi?cant risk to such patients 
With the possibility of severe bleeding from soft tissue 
injuries, gastrointestinal sites (i.e., gastric or duodenal 
ulcers) or other lesions (i.e., aortic aneurysm). Bleeding in 
the face of too much anticoagulation constitutes a medical 
emergency and can result in death if it is not treated 
immediately With appropriate therapy. 

[0011] Cytochrome P450 2C9 is also knoWn to be 
involved in the metabolism of several other commonly used 
drugs, including dilantin, sulfonylureas, such as tolbutamide 
and several nonsteroidal anti-in?ammatory agents, such as 
ibuprofen. Inhibition of this enZyme has the potential to 
cause other adverse effects related to drug-drug interactions, 
in addition to those described above for CoumadinTM (see, 
e.g., Pelkonen, O. et al.,Xenobiotica (1998) 28: 1203-1253; 
Linn, J. H. and Lu, A. Y., Clin. Pharmacokinet. (1998) 35(5): 
361-390). 
[0012] Solutions to the above dif?culties and de?ciencies 
are needed before halofenate becomes effective for routine 
treatment of insulin resistance, Type 2 diabetes and hyper 
lipidemia. The present invention ful?lls this and other needs 
by providing compositions and methods for alleviating 
insulin resistance, Type 2 diabetes and hyperlipidemia, 
While presenting a better adverse effect pro?le. 

SUMMARY OF THE INVENTION 

[0013] This present invention provides a method of modu 
lating Type 2 diabetes in a mammal. The method comprises 
administering to the mammal a therapeutically effective 
amount of the (—) stereoisomer of a compound of Formula 

> 
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(I) 

[0014] Wherein R is a member selected from the group 
consisting of a hydroXy, loWer aralkoXy, di-loWer alky 
lamino-loWer alkoXy, loWer alkanamido loWer alkoXy, ben 
Zamido-loWer alkoXy, ureido-loWer alkoXy, N‘-loWer alkyl 
ureido-loWer alkoXy, carbamoyl-loWer alkoXy, halophenoXy 
substituted loWer alkoXy, carbamoyl substituted phenoXy, 
carbonyl-loWer alkylamino, N,N-di-loWer alkylamino-loWer 
alkylamino, halo substituted loWer alkylamino, hydroXy 
substituted loWer alkylamino, loWer alkanolyloXy substi 
tuted loWer alkylamino, ureido, and loWer alkoXycarbony 
lamino; and X is a halogen; or a pharmaceutically acceptable 
salt thereof, Wherein the compound is substantially free of its 
(+) stereoisomer. 

[0015] Some such methods further comprise a compound 
of Formula II: 

(II) 

[0016] Wherein R2 is a member selected from the group 
consisting of phenyl-loWer alkyl, loWer alkanamido-loWer 
alkyl, and benZamido-loWer alkyl. 

[0017] Some such methods further comprise a compound 
of Formula III: 

c113 

[0018] The preferred compound of Formula III is knoWn 
as “(—) 2-acetamidoethyl 4-chlorophenyl-(3-tri?uorometh 
ylphenoXy)-acetate” or “(—) halofenate.” 
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[0019] The present invention further provides a method 
for modulating insulin resistance in a mammal. This method 
comprises administering to the mammal a therapeutically 
effective amount of the (—) stereoisomer of a compound of 
Formula I. Some such methods further comprise a com 
pound of Formula II. Some such methods further comprise 
a compound of Formula III. 

[0020] The present invention further provides a method of 
alleviating hyperlipidemia in a mammal. This method com 
prises administering to the mammal a therapeutically effec 
tive amount of a compound of Formula I. Some such 
methods further comprise a compound of Formula II. Some 
such methods further comprise a compound of Formula III. 

[0021] The present invention also provides pharmaceuti 
cal compositions. The pharmaceutical compositions com 
prise a pharmaceutically acceptable carrier and a therapeu 
tically effective amount of a compound of Formula I, 
Formula II or Formula III. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0022] FIG. 1 shoWs the inhibition of cytochrome P450 
2C9 (CYP2C9) activity by racemic halofenic acid, (—) 
halofenic acid and (+) halofenic acid. The hydroXylation of 
tolbutamide Was measured in the presence of increasing 
concentrations of these compounds. Racemic halofenic acid 
inhibited CYP 2C9 activity With an IC50 of 0.45 pM and (+) 
halofenic acid inhibited CYP 2C9 With an IC50 of 0.22 pM. 
In contrast, the (—) halofenic acid Was 20-fold less potent 
With an apparent IC50 of 3.5 pM. 

[0023] FIG. 2 shoWs the time course of glucose-loWering 
folloWing a single oral dose of racemic halofenate, (—) 
enantiomer of halofenate or (+) enantiomer of halofenate at 
250 mg/kg in diabetic ob/ob mice. The (—) enantiomer 
shoWed the most rapid onset of action and the longest 
duration of action. The decrease in glucose Was signi?cant 
(p<0.05) for the (—) enantiomer compared to control for all 
points from 3 to 24 hours. Racemic halofenate and the (+) 
enantiomer Were also signi?cant (p<0.05) for all points from 
4.5 to 24 hours. The plasma glucose at 24 hours Was 
2171164 mg/dl in animals treated With the (—) enantiomer, 
compared to 3061285 mg/dl and 25931208 mg/dl for 
animals treated With the (+) enantiomer and the racemate, 
respectively. The plasma glucose in the vehicle treated 
controls Was 4081162 mg/dl at 24 hours. The (—) enanti 
omer Was more effective and signi?cantly different (p<0.05) 
from the (+) enantiomer at both the 3 hour and 24 hour time 
points. 

[0024] FIG. 3 shoWs the ability of racemic halofenate and 
both the (—) and (+) enantiomers of halofenate to loWer 
plasma glucose in diabetic ob/ob mice folloWing daily oral 
administration. The racemate Was given at a dose of 250 
mg/kg/day and the enantiomers Were given at doses of 125 
mg/kg/day and 250 mg/kg/day. Signi?cant decreases in 
glucose levels relative to control animals Were observed in 
animals treated With racemic halofenate and both the (—) and 
(+) enantiomers. At the loW dose (125 mg/kg) of treatment 
With the (—) and (+) enantiomers, the (—) enantiomer Was 
signi?cant at 6, 27 and 30 hours Whereas the (+) enantiomer 
Was signi?cant at only 6 and 27 hours. 

[0025] FIG. 4 shoWs the plasma insulin levels in the ob/ob 
mice treated With racemic halofenate and both the (—) and 
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(+) enantiomers of halofenate in diabetic ob/ob mice fol 
loWing daily oral administration. The racemate Was given at 
a dose of 250 mg/kg/day and the enantiomers Were given at 
doses of 125 mg/kg/day and 250 mg/kg/day. Relative to the 
vehicle control, insulins Were loWer in the animals treated 
With either the racemate or either of the enantiomers of 
halofenate. At the high dose, the greatest eXtent of reduced 
plasma insulin Was noted at 27 and 30 hours in animals 
treated With both the (—) and (+) enantiomers of halofenate 
folloWing tWo days of treatment. 

[0026] FIG. 5 shoWs plasma glucose levels folloWing an 
overnight fast in ob/ob mice after 5 days treatment With 
vehicle, racemic halofenate at 250 mg/kg/day, (—) enanti 
omer of halofenate at 125 mg/kg/day and 250 mg/kg/day or 
(+) enantiomer of halofenate at 125 mg/kg/day or 250 
mg/kg/day. The control animals Were hyperglycemic With 
plasma glucose levels of 185.4123 mg/dl. All of the animals 
treated With halofenate shoWed signi?cant (p<0.01) reduc 
tions in glucose. The high doses of both enantiomers loW 
ered the glucose to near normal levels at 127.3180 mg/dl 
and 127219.7 mg/dl for the (—) enantiomer and (+) enan 
tiomer treated animals, respectively. 

[0027] FIG. 6 shoWs the overnight fasting plasma insulin 
levels in the ob/ob mice treated With vehicle, racemic 
halofenate at 250 mg/kg/day, (—) enantiomer at 125 mg/kg/ 
day and 250 mg/kg/day or (+) enantiomer of halofenate at 
125 mg/kg/day or 250 mg/kg/day for 5 days. Signi?cantly 
loWer plasma insulins Were observed in animals receiving 
both doses of (—) enantiomer. The loW dose of (+) enanti 
omer of halofenate did not loWer plasma insulin, although 
the high dose of the (+) enantiomer resulted in a decrease in 
plasma insulin. 

[0028] FIG. 7A shoWs plasma glucose levels folloWing an 
oral glucose challenge in Zucker fatty rats, a model of 
insulin resistance and Impaired Glucose Tolerance. These 
animals Were treated With either a vehicle control, racemic 
halofenate, (—) halofenate or (+) halofenate 5.5 hours prior 
to the glucose challenge. The racemate Was given at 100 
mg/kg and both of the enantiomers Were given at 50 and 100 
mg/kg. In the control animals the glucose rose to >250 mg/dl 
30 minutes after the challenge, a clear indication of impaired 
glucose tolerance. The plasma glucose Was reduced in rats 
that had received racemic halofenate, especially betWeen 
30-60 minutes after the challenge. Animals that received the 
(—) halofenate at 100 mg/kg had the greatest degree of 
glucose-loWering of all the treated animals. Animals treated 
With the (—) halofenate had loWer glucose levels that per 
sisted at 90-120 minutes, compared to those rats treated With 
the racemate or (+) halofenate. FIG. 7B compares the 
incremental area under the curve (AUC) for the animals in 
each group. Signi?cant changes (p<0.05) Were noted in the 
groups treated With both doses of the (—) halofenate. 
Although the AUC Was loWer in the other groups relative to 
the control, the changes Were not signi?cant. 

[0029] FIG. 8 shoWs the results of a short insulin tolerance 
test in Zucker fatty rats that Were treated With either a 
vehicle control, (—) halofenate (50 mg/kg/day) or (+) 
halofenate (50 mg/kg/day) for 5 days. This test is a measure 
of the insulin sensitivity of the test animals, the slope of the 
decline in glucose representing a direct measure of insulin 
responsiveness. The (—) halofenate-treated animals Were 
signi?cantly more insulin sensitive than the vehicle-treated 
(p<0.01) or the (+) halofenate-treated (p<0.05) animals. 



US 2005/0075396 A1 

[0030] FIG. 9A shows plasma cholesterol levels in Zucker 
Diabetic Fatty rats treated for 13 days With racemic 
halofenate, (—) enantiomer or (+) enantiomer at 50 mg/kg/ 
day, 25 mg/kg/day or 25 mg/kg/day, respectively, relative to 
a vehicle treated control group. In both the (—) enantiomer 
and racemate treated animals, the plasma cholesterol 
declined With treatment. The cholesterol in the (+) enanti 
omer treated animals remained relatively constant, Whereas 
cholesterol rose in the control animals. FIG. 9B compares 
the differences in plasma cholesterol betWeen the control 
group and the treated groups. The (—) enantiomer Was the 
most active of the species tested. 

[0031] FIG. 10A shoWs plasma cholesterol levels in 
Zucker Diabetic Fatty rats treated for 14 days With either (—) 
enantiomer or (+) enantiomer of halofenate at either 12.5 
mg/kg/day (LoW dose) or 37.5 mg/kg/day (High dose) 
relative to a vehicle treated control group. In the animals 
treated With the high dose, the (—) enantiomer resulted in the 
greatest extent of cholesterol loWering. FIG. 10B compares 
the differences in plasma cholesterol betWeen the control 
and treated groups. There Were signi?cant differences in the 
animals treated With the (—) enantiomer after 7 days at the 
loW dose and after both 7 and 14 days at the high dose. The 
(+) enantiomer shoWed signi?cance only after 7 days of 
treatment at the high dose. 

[0032] FIG. 11A shoWs plasma triglyceride levels in 
Zucker Diabetic Fatty rats treated With either (—) enantiomer 
or (+) enantiomer at either 12.5 mg/kg/day (LoW dose) or 
37.5 mg/kg/day (High dose) relative to a vehicle treated 
control group. Animals treated With the high dose of the (—) 
enantiomer had the loWest triglyceride levels of all the 
treatment groups. FIG. 11B compares the differences in 
plasma triglyceride betWeen the control and treated groups. 
At 7 days, the high dose of both the (+) and (—) enantiomers 
shoWed signi?cant loWering of plasma triglyceride. 

De?nitions 

[0033] The term “mammal” includes, Without limitation, 
humans, domestic animals (e.g., dogs or cats), farm animals 
(coWs, horses, or pigs), monkeys, rabbits, mice, and labo 
ratory animals. 

[0034] The term “insulin resistance” can be de?ned gen 
erally as a disorder of glucose metabolism. More speci? 
cally, insulin resistance can be de?ned as the diminished 
ability of insulin to exert its biological action across a broad 
range of concentrations producing less than the expected 
biologic effect. (see, e.g., Reaven, G. M., J. Basic & Clin. 
Phys. & Pharm. (1998) 9: 387-406 and Flier, J. Ann Rev. 
Med. (1983) 34: 145-60). Insulin resistant persons have a 
diminished ability to properly metaboliZe glucose and 
respond poorly, if at all, to insulin therapy. Manifestations of 
insulin resistance include insuf?cient insulin activation of 
glucose uptake, oxidation and storage in muscle and inad 
equate insulin repression of lipolysis in adipose tissue and of 
glucose production and secretion in liver. Insulin resistance 
can cause or contribute to polycystic ovarian syndrome, 
Impaired Glucose Tolerance (IGT), gestational diabetes, 
hypertension, obesity, atherosclerosis and a variety of other 
disorders. Eventually, the insulin resistant individuals can 
progress to a point Where a diabetic state is reached. The 
association of insulin resistance With glucose intolerance, an 
increase in plasma triglyceride and a decrease in high 
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density lipoprotein cholesterol concentrations, high blood 
pressure, hyperuricemia, smaller denser loW-density lipo 
protein particles, and higher circulating levels of plamino 
gen activator inhibitor-1), has been referred to as “Syndrome 
X” (see, e.g., Reaven, G. M., Physiol. Rev. (1995) 75: 
473-486). 
[0035] The term “diabetes mellitus” or “diabetes” means a 
disease or condition that is generally characteriZed by meta 
bolic defects in production and utiliZation of glucose Which 
result in the failure to maintain appropriate blood sugar 
levels in the body. The result of these defects is elevated 
blood glucose, referred to as “hyperglycemia.” TWo major 
forms of diabetes are Type 1 diabetes and Type 2 diabetes. 
As described above, Type 1 diabetes is generally the result 
of an absolute de?ciency of insulin, the hormone Which 
regulates glucose utiliZation. Type 2 diabetes often occurs in 
the face of normal, or even elevated levels of insulin and can 
result from the inability of tissues to respond appropriately 
to insulin. Most Type 2 diabetic patients are insulin resistant 
and have a relative de?ciency of insulin, in that insulin 
secretion can not compensate for the resistance of peripheral 
tissues to respond to insulin. In addition, many Type 2 
diabetics are obese. Other types of disorders of glucose 
homeostasis include Impaired Glucose Tolerance, Which is a 
metabolic stage intermediate betWeen normal glucose 
homeostasis and diabetes, and Gestational Diabetes Melli 
tus, Which is glucose intolerance in pregnancy in Women 
With no previous history of Type 1 or Type 2 diabetes. 

[0036] The term “secondary diabetes” is diabetes resulting 
from other identi?able etiologies Which include: genetic 
defects of [3 cell function (e.g., maturity onset-type diabetes 
of youth, referred to as “MODY,” Which is an early-onset 
form of Type 2 diabetes With autosomal inheritance; see, 
e.g., Fajans S. et al., Diabet. Med. (1996) (9 Suppl 6): S90-5 
and Bell, G. et al., Annu. Rev. Physiol. (1996) 58: 171-86; 
genetic defects in insulin action; diseases of the exocrine 
pancreas (e.g., hemochromatosis, pancreatitis, and cystic 
?brosis); certain endocrine diseases in Which excess hor 
mones interfere With insulin action (e.g., groWth hormone in 
acromegaly and cortisol in Cushing’s syndrome); certain 
drugs that suppress insulin secretion (e.g., phenyloin) or 
inhibit insulin action (e.g., estrogens and glucocorticoids); 
and diabetes caused by infection (e.g., rubella, Coxsackie, 
and CMV); as Well as other genetic syndromes. 

[0037] The guidelines for diagnosis for Type 2 diabetes, 
impaired glucose tolerance, and gestational diabetes have 
been outlined by the American Diabetes Association (see, 
e.g., The Expert Committee on the Diagnosis and Classi? 
cation of Diabetes Mellitus, Diabetes Care, (1999) Vol 2 
(Suppl 1): S5-19). 
[0038] The term “halofenic acid” refers to the acid form of 
4-Chlorophenyl-(3-tri?uoromethylphenoxy)-acetic acid. 

[0039] The term “hyperinsulinemia” refers to the presence 
of an abnormally elevated level of insulin in the blood. 

[0040] The term “secretagogue” means a substance or 
compound that stimulates secretion. For example, an insulin 
secretagogue is a substance or compound that stimulates 
secretion of insulin. 

[0041] The term “hemoglobin” or “Hb” refers to a respi 
ratory pigment present in erythrocytes, Which is largely 
responsible for oxygen transport. A hemoglobin molecule 






































