
Three Zn(II) 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)2(H2O)2(SO4)]n showed that each nitrogen atom
of two nea molecules locates trans, and the two water molecules
and each oxygen atom of the two sulfates coordinate to a Zn(II)
ion, forming an octahedral geometry of Zn(N2O4) unit in an
inorganic polymer crystal.  The Zn(II) complexes with na, nma,
and nea exhibited higher insulinomimetic activities, respective
IC50 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 ZnSO4 (IC50 = 1.52 mM).

We have reported that Zn(II) complexes have high insuli-
nomimetic activities in in vitro and in vivo systems.1–4 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.5 Recently, many researchers have proposed
metal-containing therapeutic agents of cationic complexes such
as BBR3464 of cisplatin derivatives6 and 99mTc-tetrofosmin com-
plex of diagnostic nuclear medicine.7 On the other hand, nicoti-
namide has been known to protect type 1 diabetes mellitus,8–10

and researchers have proposed the action mechanism of the com-
pound.11,12 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.11 Also, Kolb and Burkart reported that the treatment of
nicotinamide prevents or delays insulin-deficient type 1 DM
model animals and protects islet cells against cytotoxic actions in
vivo.12 In addition, it was found that Zn(II) 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(II) 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(II) com-
plexes with nicotinamide and its derivatives. 

Three Zn(II) complexes 1, 2, and 3 with nicotinamide (na),
nicotinemethylamide (nma), and nicotineethylamide (nea),
respectively, were prepared.14,15 A colorless single crystal of 3
suitable for X-ray structure analysis was obtained from a
water/ethanol solution as [Zn(nea)2(H2O)2(SO4)]n (Figure 1).16

Figure 1 (a) shows the ORTEP view of 3.  The Zn(II) ion of 3
has an octahedral geometry as a Zn(N2O4) unit coordinated by
each nitrogen atom of two nea molecules located in a trans
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position, each oxygen atom of two different sulfate ions and two
water molecules.  In the crystal, 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(II) complexes have been estimated by in
vitro experiments.17 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 VOSO4 and ZnSO4 as pos-
itive controls (Figure 2).  All Zn(II) complexes at 5 × 10–4 M
inhibited the release of free fatty acids (FFA) from epinephrine-
stimulated rat adipocytes more than that of ZnSO4.  The effects
were dose-dependent in the concentration range of 10–4–10–3 M.
From these results, the apparent IC50 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 ZnSO4 and **significance at p < 0.005 vs
ZnSO4) for 1, 2, and 3, respectively, indicating that they are more
active than ZnSO4 (IC50 = 1.52 ± 0.05 mM).  The insulinomimet-
ic activity was enhanced by the addition of alkyl groups such as
methyl and ethyl.

In conclusion, cationic Zn(II) complexes, in giving insuli-
nomimetic activities, were found to be advantageous to free
Zn(II) ions.  Furthermore, these Zn(II) 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(II) complexes in future.

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

References and Notes
1 Y. Yoshikawa, E. Ueda, K. Kawabe, H. Miyake, H. Sakurai, and Y.

Kojima Chem Lett., 2000, 874.
2 Y. Yoshikawa, E. Ueda, H. Miyake, H. Sakurai, and Y. Kojima,

Biochem. Biophys. Res. Commun., 281, 1190 (2001).

3 Y. Yoshikawa, E. Ueda, Y. Suzuki, N. Yanagihara, H. Sakurai, and
Y. Kojima, Chem. Pharm. Bull., 49, 652 (2001).

4 Y. Yoshikawa, E. Ueda, K. Kawabe, H. Miyake, T. Takino, H.
Sakurai, and Y. Kojima, J. Biol. Inorg. Chem., in press.

5 M. Chikuma, Biomed. Res. Trace Elements, 12, 118 (2001). 
6 Y. Qu, N. Farrell, J. Kasparkova, and V. Brabec, J. Inorg. Biochem.,

67, 174 (1997).
7 B. Higley, F. W. Smith, T. Smith, H. G. Gemmell, P. Das Gupta, D.

V. Gvozdanovic, D. Graham, D. Hinge, J. Davison, and A. Lahiri, J.
Nucl. Med., 34, 30 (1993).

8 R. Gunnarson, C. Berne, and C. Hellerstom, Biochem. J., 140, 487
(1974).

9 A. Hoorens and D. Pipeleers, Diabetologia, 42, 55 (1999).
10 J. Vidal, M. F.-Balsells, G. Sesmilo, E. Aguilera, R. Casamitjana, R.

Gomis, and I. Conget, Diabetes Care, 23, 360 (2000).
11 F. J. Bedoya, F. Solano, and M. Lucas, Experientia, 52, 344 (1996).
12 H. Kolb and V. Burkart, Diabetes Care, 22, B16 (1999).
13 J. Yang and M. G. Cherian, Life Science, 55, 43 (1994).
14 Complex 1 was prepared in aqueous solution of na by adding aqueous

solution of ZnSO4·7H2O, followed by adding aqueous solution of
Ba(ClO4)2, and filtering the precipitated BaSO4 at room temperature.
The complex was recrystallized from hot water. 1: Anal. Found: C,
24.45; N, 9.55; H, 3.40%.  Calcd for C12H12N4O2Zn·(ClO4)2·4.5H2O:
C, 24.45; N, 9.50; H, 3.59%.  Mp 141–146 °C.  IR (KBr)/cm–1; 1697
for νc=o and 1170–1050(vs) and 939(w) for ClO4

2–.  
15 Complexes 2 and 3 were prepared in each aqueous solution of nma

and nea, respectively, by adding aqueous solution of ZnSO4·7H2O.
The complexes were recrystallized from hot water.  2: Anal. Found:
C, 31.97; N, 10.61; H, 5.04%.  Calcd for C14H16N4O2Zn·(SO4)·
5H2O: C, 32.10; N, 10.70; H, 5.00%.  Mp 115–119 °C.  IR (KBr)/
cm–1; 1645 for νc=o and 1119(vs) for SO4

2–.  3: Anal. Found: C,
37.49; N, 10.71; H, 5.01%.  Calcd for C16H20N4O2Zn·(SO4)·3H2O: C,
37.25; N, 10.86; H, 5.08%.  Mp 130–133 °C.  IR (KBr)/cm–1; 1656
for νc=o and 1092(vs) for SO4

2–.  
16 Crystal data for 3:  One independent molecule exists in the asymmet-

ric unit.  C16H24N4O8ZnS (fw = 497.83), monoclinic, space group
C2/c (#15), a = 17.697(4) Å, b = 9.108(4) Å, c = 12.674(3) Å, β =
93.65(2)°; V = 2038.7(9) Å3.  F(000) = 1032.00, Z = 4, Dc = 1.622
g/cm3, µ (Mo Kα) = 13.60 cm–1, 2θ max = 55.0°.  Intensity data (2640
total (2463 independent) reflections) were collected on a Rigaku
AFC7R (rotating anode).  The final cycle of full matrix least squares
refinement was based on 2191 observed reflections (I > 3.00σ(I)) and
187 variable parameters, and converged R = 0.034 and Rw = 0.071.
Maximum peak in final differential map is 0.60 eA–3.    

17 M. Nakai, H. Watanabe, C. Fujiwara, H. Kakegawa, T. Satoh, J. Takada,
R. Matsushita, and H. Sakurai, Biol. Pharm. Bull., 18, 719 (1995). 

Chemistry Letters 2001 1185


