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Insulin-Mimetic Metal-Poly(y-Glutamic Acid) Complexes
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The number of adults with diabetes mellitus (DM) is forecasted to increase to approximately 300 million in worldwide by the
year 2025. Insulin injections to treat type 1 DM and administration of several synthetic pharmaceuticals to treat type 2 DM have
often many defects involving physical and mental pain, and some side effects, respectively. Several studies have revealed that
chromium, manganese, selenium, copper, zinc, and vanadium ions show both in vitro insulin-mimetic and in vivo antidiabetic
activity in animal experiments. Among these metal ions, vanadium(IV), zinc(Il) and copper(Il) ions show relatively high
insulin-mimetic property with less toxicity. In 1990, Sakurai et al. first reported that vanadyl-cysteine methyl ester complex is very
useful for the treatment of streptozotocin (STZ)-induced type 1 diabetic rats by daily oral administrations. Since then various types
of insulin-mimetic vanadyl(IV), zinc(II), and copper(II) complexes using low molecular weight organic ligands have been proposed.
However, no vanadyl(IV), zinc(II), and copper(Il) polymer complexes have been examined. Therefore, it seemed worthwhile to use
poly( v -glutamic acid) (v -PGA) as a carrier of metal ions (M) (M = vanadyl(IV), zinc(Il), and copper(1l)) to make orally active
insulin-mimetic M- y -PGA complexes for treating DM. vy -PGA is a naturally occurring biodegradable and biocompatible polymer,
which is nontoxic toward humans and the environment.

In this study, we have prepared and characterized M-y -PGA complexes in solution as well as in solid state. M-y -PGA
complexes in solution were used to evaluate their in vitro insulin-mimetic activity, in vivo metallokinetic feature, and in vivo
antidiabetic effects in STZ-mice and in type 2 diabetic KKA mice.

VO- y -PGA complex with VO(O4) coordination mode was found to have potent bioavailability and insulin-mimetic activity
compared with that a solution containing only vanadium(IV) oxide sulfate (VS). VO- vy -PGA complex normalized the
hyperglycemia in both STZ-mice and type 2 diabetic KKAY mice within 15 days when it was given orally at doses of 5-10 mg V
kg™ body mass for 16-30 days. The improvement in diabetes is also validated by the results of oral glucose tolerance tests and the
decrease in glycosylated hemoglobin (HbA,.) level and blood pressure observed. In contrast, VS did not lower the elevated blood
glucose level under the same experimental conditions.

Cu(Il)- v -PGA complex is produced in aqueous solution at pH 3—11. The plausible equatorial coordination spheres of Cu(Il)
in Cu(Il)- vy -PGA complex are summarized. The in vitro insulin-mimetic activity of Cu(Il)- v -PGA complex is very similar to that
of CuSOs, however, it is significantly higher than that of a previously reported insulin-mimetic bis(3-hydroxypicolinato)copper(II)
(Cu(3hpic),) complex.

Zn(II)- y -PGA complex with Zn(O,) coordination mode normalized the hyperglycemia of KKAY mice within 21 days when it
was administrated orally at doses of 10-20 mg Zn kg™' body mass for 30 days. In addition, metabolic syndromes, i.e., insulin
resistance and the degree of renal disturbance were significantly improved in Zn(Il)- v -PGA-treated KKAY mice relative to those
administrated with saline and ZnSO,4. The improvement in diabetes is justified by the results of oral glucose tolerance tests and the
decrease in the HbA,. level observed. In contrast, ZnSO4 did not lower the elevated blood glucose level under the same
experimental conditions.

Based on the above results, we confirmed that the order of in vitro insulin-mimetic activity of M-y -PGA complexes is as
follows: VO- vy -PGA>Zn(1)- y -PGA>Cu(Il)- v -PGA. In addition, VO- y -PGA and Zn(II)- v -PGA complexes are found to be first
examples of orally active M- vy -PGA complexes for treating type 1, type 2 diabetic mellitus animals and their metabolic syndromes.
Thus, the present work provides an interesting initiating point for future treatment/therapies of diabetes.
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