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USE OF INSULIN SENSITIZING AGENTS
TO TREAT HYPERTENSION
BACKGROUND

The present invention provides a new use of known pharmaceutical compounds. In
particular, the present invention provides. for the treatment of hypertension with certain
insulin sensitizing agents such as thiazolidinedidne derivatives. These compounds are
previously known for the treatment of diabetes.

The fact that there was a relationship befween'"circulating insulin and hypertension
has been frequently discussed in the literature. - Thus, for example, Pereda, et al, Am.
J. Physiol. 202 (2): 249-252 (1962) noted an increase in blood pressure in dogs due to
the administration of insulin. DeFronzo, Diabetologia 21: 165-171 (1981) attributed this
increase in hypertension to the effect of insulin on renal sodium retention which
expanded the vascular volume, while Rowe, et al, Diabetes 30:219-225 (March 1981)
attributed it to the increased activity of the sympathetic nervous system. Other studies
have suggested that hyperinsulinemia as the result of insulin resistance is associated with
hypertension. This is attributed to the fact that obesity is known to be associated with
insulin resistance and it is a commonly held view that hyperinsulinemia in obesity is a
major factor responsible for hypertension. See, e.g., Modan, et al, J. Clin. Invest.
75:809-817 (March 1985). Patients with essential hypertension have been reported to
have insulin resistance. Ferrannini, etal, N. Eng.:J. Med. 317:350-7 (1987). In the last
study a measure of insulin resistance was reported to directly correlate with arterial blood
pressure. In patients with a functional endocrine pancreas, insulin resistance also
correlates directly with circulating insulin levels.

Ciglitazone is characteristic bf a new class of thiazolidine antidiabetic agents
which lower blood glucose in animal models of noninsulin diabetes mellitus (NIDDM),
while actually reducing circulating concentrations of insulin. This is believed to be
accomplished by improving the responsiveness of the peripheral tissues to insulin. See,
e.g., Chang, et al, Diabetes 32:830—83—5‘8 (September 1983).

Because of the high associatiog between diabetes, obesity, and hypertension, and
the increase in risk of heart attack in patients exhibiting both diabetes and hypertension
(see, e.g., Tzagournis, Am. J. Med.; 86 (suppl 1B):50-54 (1989)), what is needed in the
art is an agent which will treat both diabetes and hypertension.

INFORMATION DISCLOSURE
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Thiazolidine derivatives useful for the treatment of diabetes are described in U.S.
patents 4,287,200; 4,687,777; and 4,572,912. Their effect on insulin resistance are
described, e.g., Chang, et al, Diabetes 32: 839-845 (1983) and Chang, et al, Diabetes
32:830-838 (1983). The association between circulating insulin and hypertension has
been discussed in the literature, as described above.

SUMMARY OF THE INVENTION

The present invention particularly provides a method for treating or preventing
hypertension in an insulin-resistant patient comprising the administration of an insulin
sensitizing compound to said patient in an amount effective to treat or prevent
hypertension. Also provided are specific insulin sensitizing agents for use in this method
including thiazolidinediones such as ciglitazone, pioglitazone, and CS 043, metformin,
certain indole amines and thermogenic beta agonists.

Surprisingly and unexpectedly, the present invention provides a class of agents
useful to treat insulin resistant patients; these agents have an especially good effect in the
lowering of blood pressure in said patients.

By insulin sensitizing agent is meant any agent which will lower blood glucose
levels by increasing the responsiveness of the tissues to insulin.

By patients susceptible to insulin resistant hypertension is meant a patient who
exhibits insulin resistance and is therefore likely to exhibit hypertension. Such patients
are well known and readily determinable by a physician of ordinary skill in the art.

By treatment is meant any lowering of blood pressure caused by insulin resistance
and/or high circulating insulin levels. By prevention is meant partial to total avoidance
of hypertension in insulin resistant patients, depending on the severity of the disease.

The thiazolidinediones are particularly useful in the present invention and are
made by the methods described in U.S. patents 4,287,200; 4,687,777; and 4,572,912,
which are expressly incorporated by reference herein. The dosage forms and modes of
administration described therein are also useful for carrying out the method of the
present invention. More specific dose ranges are set out below.

Thermogenic beta agonists are a well known class of antidiabetic agents,
exemplified by, e.g., compounds BRL 26,830 (see Biochemica and Biophysica Research
Comm. 128:928-935 (1985); and BRL 35,135 (Diabetes, Vol. 35: Abstract No. 262 and
263, 1986) being developed by SmithKline-Beecham. Metformin is described, e.g., in
Petersen, et al., Diabetic Medicine 6:249-256 (1989). A class of diabetic indole amines
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are described in copending application Serial No. 07/270,551, filed 14 November 1983,
and PCT application PCT/US89/04711, filed 27 October 1989.

The preferred compounds of this invention include ciglitazone, (2,4-thiazolidine-
dione, S5-[[4-[( 1-methylcyclohexyl)methoxy]phenyljmethyl}-, (+)- or (B)-5-[p-[(1-
methylcyclohexyl)methoxy]benzyl]—2,4-thiazolidinedionc);Pioglitazonehydrochloride(S-
[[4-[2-(5-ethyl-21-pyridinyl-ethoxy]phenyl] methyl]}-,monohydrochloride, (+); (2) (+)-5-
[p-[2-(5-ethyl-2-pyridyl)ethoxy]benzyl]-2,4-thiazolidinedione monohydrochloride) ; and
CS 045  (5-(4-((3,4-dihydro-6-hydroxy-2,5,7,8 tetramethyl-2H-1-benzopyran-2-
yD)methoxy)phenyl)methyl)-2,4-thiazolidinedione).

While any convenient route of administration is employed, the preferred
thiazolidinedione compounds of the present invention are preferably orally administered
to humans to affect insulin sensitization for the purpose of favorably affecting blood
pressure. For this purpose, the compounds are administered from 100 micrograms per
kg to 6 mg per kg per dose, administered from 1 to 3 times daily. Other routes of
administration, such as parenteral (including intravenous, intramuscular, and intraperito-
neal) are also employed. Equipotent doses for the other compounds of this invention and
the other routes of administration would thus be employed, and could be readily
determined by a physician of ordinary skill.

The exact dose depends on the age, weight, and condition of the patient and the
frequency and route of administration. Such variations are within the skill of the
practitioner or can readily be determined.

The employment of sound medical therapy requires that the compounds of this
invention be employed prophylactically only in cases where the animal or patient is
particularly susceptible to the development of hypertension. The conditions and
circumstances which increase the susceptibility are readily ascertainable to the ordinary
skilled physician and include glucose intolerance, insulin resistance, hyperinsulinemia and
obesity.

In the prophylactic use of these compounds, the dose effective for the prevention
of hypertension is readily determined by patient response, as discussed above for
therapeutic uses, and is, in generél, somewhat less than the dose required to treat the
disease.

DESCRIPTION OF THE PREFERRED EMBODIMENTS
The present invention is seen more fully by the Example given below.
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Example 1
Ciglitazone was tested in the Zucker rat, a well known model of insulin resistant

mammals and was shown to lower blood pressure, as described below:

Two groups of 6-week old obese female Zucker (fa/fa) rats, 10 control and 10
experimental, were fed a diet containing: 65% carbohydrate, 18% protein, 5% fat, 5%
fiber, 0.1% sodium chloride (NaCl), with the remainder containing water, vitamins and
minerals.

The experimental group received the drug (ciglitazone powder) as a 0.05% (w/w)
dietary admixture (33 to 58 mg/kg body weight/day, calculated from food intake) for 30
days. The control group did not receive the drug.

The mean arterial pressure (MAP) was measured in the unanesthetized,
unrestrained state by indwelling femoral artery catheters attached to a pressure
transducer, and blood drawn for measurement of blood glucose and plasma insulin

concentrations. The results of the study are set forth in Table 1.

Example 2
The effect of insulin sensitizing compounds in primates was shown as follows.

Obese, insulin-resistant Rhesus monkeys were given pioglitazone (1 mg/kg/day, oral
gavage) for two weeks. Glucose tolerance was substantially improved in 5 of 6
monkeys. Systolic blood pressure was reduced an average of 16 mmH; mean arterial
blood pressure (MAP) was reduced an average of 8.4 mmHg. These data show that
improved insulin sensitivity produced by drugs of this type are an effective treatment for

lowering blood pressure.
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TABLE 1
Effects of Ciglitazone on Mean Arterial Pressure (MAP)
and Urine Output
Measurement Control Ciglitazone Significance!

MAP (mm Hg) 119 + 2 (n=9) 112 + 4 (n=6) p <0.05?
Urine Output 80 + 5 (n=9) 97 + 8 (n=6) p <0.05
Insulin (mU/ml) 171 +£ 20 60 +9

There was no significant difference in body weight or food intake between both groups
over the period of the experiment. Because of complications during surgery, one animal
was lost from the control group, and 4 from the experimental group.

Ciglitazone significantly lowered blood pressure in the fa/fa Zucker rats.

1. The data is presented as the mean + SEM and significance determined with the
paired Students’ t-test.

2. The one-tailed t-test was used to compare blood pressure measurements.

3. The two-tailed t-test was used to compare urine output measurements.
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CLAIMS

1. Use of an insulin sensitizing compound to prepare a medicament for treating or

preventing hypertension in an insulin-resistant patient.

2. A use of Claim 1 wherein the compound is a thiazolidinedione derivative of the

general Formula I

!

L2_<':._ RZ-O—@CBZ—CH —C=0
li i

\C/NH

Id
wherein R' is alkyl of 1 to 10 carbon atoms, cycloalkyl of 3 to 7 carbon atoms, phenyl
alkyl of 7 to 11 carbon atoms, or phenyl;
wherein R? means a bond or a lower alkylene group; wherein L' and L? are the
same or different and each is lower alkyl or L' and L? are combined to form an alkylene

group, provided that when R' is other than alkyl, L' and L? may further be hydrogen.

3. A use of Claim 2, wherein the compound is ciglitazone.

4, A use of Claim 1, wherein the compound is pioglitazone hydrochloride.
S. A use of Claim 1, wherein the compound is metformin.

6. A use of Claim 1, wherein the compound is an antidiabetic indole amine.
7. A use of Claim 1, wherein the compound is a thermogenic B-agonist.

8. A use of Claim 1, wherein the compound is CS 045.
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