874

Chemistry Letters 2000

New Insulin-Mimetic Zinc (11) Complexes; Bis-maltolato Zinc(l1) and
Bis-2-hydroxypyridine-N-oxido Zinc(Il) with Zn(O,) Coordination Mode

Yutaka Yoshikawa, Eriko Ueda, Kenji Kawabe, Hiroyuki Miyake, Hiromu Sakurai," and Yoshitane Kojima*
Department of Chemistry, Graduate School of Science, Osaka City University, 3-3-138 Sugimoto, Sumiyoshi-ku, Osaka 558-8585
TDepartment of Analytical and Biocinorganic Chemistry, Kyoto Pharmaceutical University, 5 Nakauchi-cho, Misasagi,
Yamashina-ku, Kyoto 607-8414

(Received May 8, 2000; CL-000436)

Zinc(l1) complexes with a Zn(O,) coordination mode were
found to have insulinomimetic activity. A bis-maltolato
zinc(I1) (Zn(Mal),) complex was revealed to be in an octahedral
and a square pyramidal geometries in a unit cell. Both
Zn(Mal), (1Cs, = 0.59 mM) and bis-2-hydroxypyridine-N-oxide
zinc(I1) (1C5, = 0.41 mM) complexes exhibited higher insuli-
nomimetic activity than VOSO,(ICs, = 1.00 mM) and
ZnSO,(ICsy = 0.81 mM) in terms of 1Cg, values, which show
50% inhibition concentration of the complex in the free fatty
acids release from rat adipocytes.

A recent research shows that the number of people suffer-
ing from diabetes mellitus (DM), one of the life-style related
disease, has risen up to nearly 14 million, including the figure
of potential patientsin Japan.! DM is a disease associated with
absolute or relative insulin deficiency, and the devel opment and
research of many drugs for the treatment of DM have been per-
formed al over the world. Based on the reported in vitro exper-
iment in 1980 that zinc(I1) ion acts as an insulinomimics,? the
administration of ZnCl, to streptozotocin-induced diabetes rats
(STZ rats) or ob/ob mice was found to normalize their high
blood glucose levels.34 However, they used a high dose® or a
long-term (8 weeks) in zinc(Il) ion administration.* On the
other hand, we have reported that the insulinomimetic activity
of many oxovanadium(lV) (VO) complexes are higher than that
of free VO ion.>8 Also, it was reported that bis(maltolato =
Mal) VO complex is more effective than free VO ion.” Since
zinc(11) is generally less toxic than VO,8 we tried to develop
insulinomimetic zinc(l1) complexes with different coordination
modes around zinc(l1). During our efforts, we found that
zinc(ll) complexes with a Zn(O,) coordination mode exhibit
high insulinomimetic activity. In this paper, we will report the
first results on the insulinomimetic Zn(Mal), 1° and Zn (2-
hydroxypyridine-N-oxide = HPNO), 21° complexes.

The ligand of 1 is well-known as a food additive!* The
complexes 1 and 2 were prepared according to a simple proce-
dure. A colorless single crystal of Zn(Mal), suitable for X-ray
structure analysis was proposed as t-[Zn(Mal),(H,0),]-
[Zn(Mal),(H,0)]-(H,0), 1.*2 Two different geometries around
the zinc(I1)s in the complex 1 were revealed to be in a unit cell,
where two Ma and two H,O coordinate to a zinc(ll) by trans
formsin an octahedral conformation, and two Mal and an apical
H,O coordinate to a zinc(ll) in a square pyramidal conforma-
tion (Figure 1).12

The insulinomimetic activities of the zinc(l1) complexes
have been evaluated by in vitro experiments.’® The inhibitory
effects of 1 and 2 were compared with those of VOSO, as a
positive control and of ZnSO, as a free zinc(ll) ion (Figure 2).

Figure 1.

ORTEP drawing of
[Zn(Mal),(H,0)]- H,0), 1: Selective bond distances (A) are as
follows: Zn1-02, 2.027(2); Zn1-03, 2.072(3); Zn1-04, 2.282(3),
Zn2-06, 2.014 (3); Znl1-07, 2.078 (3); Zn2-08, 2.015(4). Two
crystal water molecules are omitted.

t-[Zn(Mal),(H,0),]

Both zinc(I1) complexes at 5 x 10 M inhibited the free fatty
acids (FFA) released from the epinephrine-stimulated rat
adipocytes more than VOSO, and ZnSO,. The effects were
dose-dependent in the concentration range of 10*-10= M.
From these results, the apparent |1Cg, values, a 50% inhibitory
concentration of the FFA release in each complex, was estimat-
ed to be 0.59 and 0.41 mM for 1 and 2, respectively. Zinc(Il)
complexes 1 and 2 were more active than VOSO, (IC5, = 1
mM) and ZnSO, (ICs, = 0.81 mM). The conclusion suggests
that a Zn(O,) coordination mode around the zinc(ll) is advanta-
geous to free zinc(Il) ions and metal—oxo ion, like V=0, in giv-
ing insulinomimetic activity. We proposed here that 1 and 2
are potent insulinomimetic complexes, and further study to
know the action mechanism of 1 and 2 in under way.
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Figure 2.  Inhibitory effects of VOSO,, ZnSO,, 1(M) and 2(H)

on free fatty acid (FFA) release from rat adipocytes treated with
epinephrine (EP). Rat adipocytes were prepared as reported.™
Each column is expressed as the mean £SD for 3 experiments.
B: blank, cells only; C: control, cells plus 1 x 10™° M epinephrine.
V-1-3, Z-1-3, M-1-3, and H-1-3 are VOSO,, ZnSO,, 1 and 2,
respectively: In each system, adipocytes (1.0 x 10° cells / ml)
were treated with 107, 5 x 107, 10”° M of the compound in each
numerical order, respectively, for 30 min and then incubated with
10° M EP for 3 h at 37 °C.

University for elemental analyses and ESI MASS measure-
ments.
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