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Three Zn(l1) complexes with nicotinamide(na), nicotine-
methylamide(nma), and nicotineethylamide(nea) were found to
have in vitro insulinomimetic activities. X-ray structure analy-
sis of [Zn(nea),(H,0),(SO,4)],, showed that each nitrogen atom
of two nea molecules |ocates trans, and the two water molecules
and each oxygen atom of the two sulfates coordinate to a Zn(l1)
ion, forming an octahedral geometry of Zn(N,O,) unit in an
inorganic polymer crystal. The Zn(ll) complexes with na, nma,
and nea exhibited higher insulinomimetic activities, respective
ICy, values (50% inhibition concentration of the complex in the
free fatty acids release from rat adipocytes) being 1.34, 1.12,
and 0.96 mM, than that of ZnSO, (1Cs, = 1.52 mM).

We have reported that Zn(ll) complexes have high insuli-
nomimetic activitiesin in vitro and in vivo systems.* However,
all the complexes have been molecular complexes. Moreover, it
has been believed that it is essentially important for molecular
complexes to show antineoplasmic activity in cisplatin and its
related complexes.> Recently, many researchers have proposed
metal-containing therapeutic agents of cationic complexes such
as BBR3464 of cisplatin derivatives® and T c-tetrofosmin com-
plex of diagnostic nuclear medicine.” On the other hand, nicoti-
namide has been known to protect type 1 diabetes mellitus,g1°
and researchers have proposed the action mechanism of the com-
pound.’12 For example, Bedoya et al. described that the type 1
diabetes mellitus (DM) induced by streptozotocin (STZ) is coun-
teracted by scavenging reactive oxygen species with nicoti-
namide.* Also, Kolb and Burkart reported that the treatment of
nicotinamide prevents or delays insulin-deficient type 1 DM
model animals and protectsislet cells against cytotoxic actionsin
vivo.22 In addition, it was found that Zn(l1) induces metallothi-
onein and partially prevents the development of DM by STZ.13
On the basis of the observations, we have planned to synthesize
new cationic Zn(ll) complexes with nicotinamide and its deriva-
tives and to estimate the insulinomimetic activities in in vitro
experiments. In this study, we examined the relationship
between structures and insulinomimetic activities of Zn(Il) com-
plexes with nicotinamide and its derivatives.

Three Zn(11) complexes 1, 2, and 3 with nicotinamide (na),
nicotinemethylamide (nma), and nicotineethylamide (nea),
respectively, were prepared.’*1> A colorless single crystal of 3
suitable for X-ray structure analysis was obtained from a
water/ethanol solution as [Zn(nea),(H,0),(SO,)],, (Figure 1).16
Figure 1 (a) shows the ORTEP view of 3. The Zn(ll) ion of 3
has an octahedral geometry as a Zn(N,O,) unit coordinated by
each nitrogen atom of two nea molecules located in a trans

(2)

(®

Figure 1. (a) The ORTEP drawing of [Zn(nea),(H20)2(SO04)]
3. Selective bond distance (A) and angles (°) are as follows:
Zn(1)-N(1) 2.129(2), Zn(1)-0(2) 2.102(2), Zn(1)-0(4)
2.126(2), O(2)-Zn(1)-0(2)’ 180.0, O(2)-Zn(1)-0(4) 89.68(8),
O(2)-Zn(1)-0(4)" 90.32(8), O()-Zn(1)-N(1) 89.32(8),
O(2)-Zn(1)-N(1)> 90.68(8), 0O(2)’-Zn(1)-0(4) 90.32(8),
O(4)-Zn(1)-N(1) 85.38(8), O(4)~-Zn(1)-N(1)’ 94.62(8).

(b) The stereoview of 3.
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Figure 2. Inhibitory effects of VOSQO,, ZnSOs, na, nma, nea, 1, 2, and 3 on free fatty acid (FFA) release from isolated rat
adipocytes treated with epinephrine (EP). Rat adipocytes were prepared as reported [16].  Each column is expressed as the
mean *SDs for 3 experiments. B: blank, cells only; C: control, cells plus 10 EP. V-1-3, Z-1-3,n-1-3, m-1-3, e-1-3, 1-1-3,
2-1-3, 3-1-3 are VOSOQs4, ZnSO4, na, nma, mea, 1, 2, and 3, respectively. In each system, rat adipocytes (106 cells/mL)
were treated with 107, 5x 107, and 10° M of the compound in numerical order, respectively, for 30 min and then incubated

with 10° M EP for 3 h at 37 °C.

position, each oxygen atom of two different sulfate ions and two
water molecules. In the crystd, the 3s form an one-dimensional
coordination polymer bridged by sulfate ions (Figure 1 (b)).

Insulinomimetic activities of three ligands (na, nma, and nea
molecules) and their Zn(I1) complexes have been estimated by in
vitro experiments.l” There were no inhibitory effects of the na,
nma, and nea molecules (Figure 2). The inhibitory effects of 1,
2, and 3 were compared with those of VOSO, and ZnSO, as pos-
itive controls (Figure 2). All Zn(Il) complexes at 5 x 104 M
inhibited the release of free fatty acids (FFA) from epinephrine-
stimulated rat adipocytes more than that of ZnSO,. The effects
were dose-dependent in the concentration range of 10-10° M.
From these results, the apparent |Cg, value, 50% inhibitory con-
centration of the complex for the FFA release, was estimated to
be 1.34 + 0.11*, 1.12 + 0.05*, and 0.96 + 0.03** mM (*signifi-
cance at p < 0.01 vs ZnSO, and **significance at p < 0.005 vs
ZnS0O,) for 1, 2, and 3, respectively, indicating that they are more
active than ZnSO, (1C, = 1.52 + 0.05 mM). Theinsulinomimet-
ic activity was enhanced by the addition of alkyl groups such as
methyl and ethyl.

In conclusion, cationic Zn(Il) complexes, in giving insuli-
nomimetic activities, were found to be advantageous to free
Zn(Il) ions. Furthermore, these Zn(I1) complexes of nicoti-
namide derivatives are expected to have not only the in vivo
blood glucose normalizing activity but also the preventive activi-
ty against DM. In addition, we will examine action mechanism
of molecular complexes in comparison with that of ionic com-
plexes. The present results will be useful for developing new
insulinomimetic Zn(I1) complexesin future.

The authors are greatful to the members of the Anaytical
Center of Osaka City University for elemental analyses.
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