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Much interest has been focused on the oxovanadium(lV) ion

and its complexes, since a variety of oxovanadium(lV) complexes,
when administered orally, have been shown to normalize the

hyperglycemia of streptozocin-induced rats (STZ-rats) with
insulin-dependent diabetes mellitus (IDDMY, and orally ad-

ministered vanadyl sulfate in place of insulin has been reported

to improve human noninsulin-dependent diabetes mellitus
(NIDDM).5-°

During our investigations on the development of insulin-
mimetic oxovanadium(lV) complexé8!! we found that the
complexes with a VO(BD,) coordination mode, such as oxo-
vanadium(IV)-picolinate complexes, exhibit excellent insulin-
mimetic activities in terms of both thia vitro inhibition of free

fatty acids (FFA) release and glucose uptake in isolated rat

adipocytes. There is also @&mvivzo normoglycemic effect on not
only the STZ-rats with IDDM%!! but also KKA' mice with
NIDDM *2 by both intraperitoneal (ip) injection and oral admin-
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*3,5,7,9; (S)-isomer, 4, 6, 8, 10; (R)-isomer

Figure 1. Ligand structures.

(a)

Figure 2. (a) X-ray structure o2 (A-type) as the 0.540 adduct (ORTEP
representation; ellipsoids at 50% probability level). The optical isomer
(A-type) was omitted. The O(7) atom of water molecule is disordered
between two positions and calculated by an occupancy factor at 0.5. (b)
X-ray structure oB (ORTEP representation; ellipsoids at 50% probability
level).

oxovanadium(lV) complexes. Before our work, Shechter et al.
reported the correlation of insulin-mimetic activity to the chirality
and lipophilicity of oxovanadium(lV) complexes with VOO

istration of the complexes. On the basis of these results, we coordination mode, in which the-isomer has been found to be

examined further the structure@ctivity relationship of the oxo-
vanadium(lV) complexes with different stereochemistries of VO-

(N2O,) coordination mode and found that tetradentate oxovanadium-

(IV) complexes of [VO(XeX)(HO)], where XeX is N,N-
ethylenebis(amino acid), are good models for the purpbdéée

less active than the-isomer!

The structures of the ligands used in the present study are
shown in Figure 1. The complexes [VO(XeX){®)], where X
= G (Gly) (1), mG or Gm {N-methylglycine) R), .- and b-A
(Ala) (3 and4), L- andp-V (Val) (5 and6), L- andp-M (Met) (7

report here stereospecific and structure-dependent insulin-mimeticand8), andL- andp-P (Pro) @ and10) were prepared according
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to the previously reported methdti*> The physical properties
of complexesl—10 were analyzed by elemental analyses and
electronic, IR, CD, and ESR spectra. Partition coefficients of the
complexes were evaluated in afoctanol/saline systeft.X-ray
structures were analyzed as reported for compléxasd 7.2

The molecular structure of the new compl@<has been
determined by X-ray analysis (Figure 2a), which contains two
optical isomers ofA-cis-a-(RR 104) (A-type) andA-cis-a-(SS
0A0) (A-type) similar to that of compleg.}” Those of the new
complexes3, 5, and9 have onlyA-type configuration, as is the
case for complex.*® An ORTEP view of the molecular structure

(14) Shechter, Y.; Shisheva, A.; Lazar, R.; Libman, J.; Shanzer, A.
Biochemistry1992 31, 2063.

(15) Watanabe, M.; Kojima, Y.; Kawabe, K.; Hatamoto, E.; Tsuru, E.;
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(16) The partition coefficients of the complexes were determined by a
conventional method in@octanol/saline system using a bVis spectrometer
(Hitachi U-3500L). The concentrations of the complexes in each phase were
monitored at their characteristic absorption bands due to the vanadyl state.
The patrtition coefficient of the complexes was calculated by the equBtion
= Coc/Cw, WhereCo:andC,, are the equilibrium concentrations of the complex
in n-octanol and saline, respectively, after shakingZd at 37°C.

(17) Crystal data foR-0.5H,0: monoclinic,P2;/n (No. 14),a = 8.962(3)

A, b=11569(2) Ac=12.316(2) A3 = 105.48(1), V = 1230.6(4) R, Z

= 4, GOF= 1.52. Data collected over the rangé2« = 60.C° at 23°C on

a Rigaku AFC7S diffractometer with Mod<radiation. Convergence to the
final R values ofR = 0.031 andR, = 0.051 ( > 3.00s(l)) for 2-:0.5H,0
achieved by using 3761 reflections and 164 variable parameters. Details of
X-ray crystallographic analyses are in Supporting Information.
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] @ ) ) particular, complex (ICso = 0.070 mM) without side chains in
gg I {9 {g I the GeG ligand exhibited the strongest activity among the
3 "1 3 ” i 3 b L7 complexes examined. These results indicate that the complex with
= E’ = {5 ~® {5 A-type configuration or high lipophilicity reaches the target organs
s, S =0 =] and sites such as insulin-receptor, glucose-transporter or related
w8 8 e . . . . P
Lt B 1] gaop % E-Rog 3 enzyme systems and exhibits insulin-mimetic activity. However,
0o o1 oz 03 04 5052 54 96 95100102104 440 a0 4B0 500 520 540 to verify our assumption we need more experiments with other
Partition Coefficient pK, Redox Potentials/ mV

cell systems involving muscle cellsand therin vivo evaluation
Figure 3. Correlation between the kgand (a) partition coefficient, (b) with animals with IDDM%! and NIDDM2? |[n the same way,
PKa of the constituent amino acids as the ligands, and (c) redox potentialsthe relationship between the insulin-mimetic activity of the
of complexes1—10: (O) chiral complexes having\-cis-o-(RR 104) complexes andHk, valueg® of the amino acid ligands and redox
configuration (\-type); @) chiral complexes having-cis-a~(S§ 040) potentiald® of complexesl—10 were examined, as shown in
configuration (\-type); (&) achiral complexes made up of bath and Figure 3b and 3c, respectively. lktype complexes containing
A-types. Data are expressed as the means plus or minus the standar -amino acids tf;e activities were markedly lowered with the
deviations of three experiments. . ' .

increase of the ¥, values and the redox potentials. However,
the A-type complexes have little dependence on them.

On the basis of these observations, the complexesAwvitype
configuration which contain achiral amino acidsseamino acids

of the blue comple8 has been revealed to have an optical isomer
of A-type (Figure 2b}? In addition, the optical isomers of
complexes4, 6, and 10 were recognized to have\-type

configuration by measuring their CD spectfa. were concluded to have high vitro insulin-mimetic activity,
We have found that the serum glucose level correlates well P€ing less dependent on the physical properties suckasfue
with serum FFA level in both normal rats and STZ-2The of the ligand, partition coefficient, and redox potential of the

results indicate that thie sitro evaluation method of FFA release ~ complexes. However, the insulin-mimetic activities of the com-
using adipocytes is not only useful to test and find insulin-mimetic P!exes withA-type configuration (-isomer) were very sensitive
compounds but also is simple, accurate, and sensitive whent0 those physical parameters but were less active than the
compared with the glucose incorporation method using radio- complexes withA-type configuration g-isomer). These results
isotopestb 142524 |n fact, with this evaluation method in terms ~ suggest that the complexes wittitype configuration have high

of FFA release from adipocytes, many oxovanadium(lV) com- affinity to the insulin receptor or glucose transporter in terms of
plexes with different coordination modes, which show blood chiral recognition sites. In contrast, in oxovanadium(lV) com-
glucose normalizing effects in vivo evaluation, have been  plexes with leucine-based ligands, thésomer has been found
found?210-12 Therefore, the insulin-mimetic activity of the to be less active than theisomer!* Such a difference might
complexes was examined in thevitro system using adipocytes, depend on the absolute configuration-(and A-isomers) of
where the inhibition of the release of FFA from isolated rat chelation or the difference in the coordination modes, V(O
adipocytes treated with epinephrine was estimated in terms of and VO(NO,), of the complexes, which in turn alters inhibition
ICso value, the 50% inhibition concentration of the FFA release mechanisms at the enzyme levels. Thus, the stereospecific and
from adipocytes in the presence of the compfekhe relationship structure-dependent insulin-mimetic oxovanadium(lV) complexes
between the insulin-mimetic activity and the partition coefficient will be useful for further studying their binding features with the
of the complexe¢—10was examined and summarized, as shown receptor or the transporter.

in Figure 3a. The insulin-mimetic activities of the complexes Furthermore, the present results are useful for designing and
6, 8, and10with A-type configurations, which contamramino  developing new and active insulin-mimetic oxovanadium(lV)
acids, were higher than those of the correspondiagino acids  complexes. In addition, thia iv0 activity of the complexes as
except for the activity o8, which is almost equivalent to that of el a5 the action mechanism for the activity are quite interesting,
complex 7. In contrast, the insulin-mimetic activities of the  5nq thus the investigations are now under way in this regard.
complexes3, 5, 7,and 9 with A-type configurations containing
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to be greater than those of others as well as that of%Sin
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136.02 at 23°C on a Rigaku AFC7R diffractometer with CuoKradiation. JA984225+
Convergence to the finaR values of R = 0.028 andR, = 0.038

(I > 3.00(1)) for 8 achieved by using 1602 reflections and 293 variable
parameters. Details of X-ray crystallographic analyses are in Supporting resulting solutions were incubated at 3Z for 3.0 h. The reactions were

Information. stopped by soaking in ice water, and the mixtures were centrifuged at 1200
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M epinephrine solution was then added to the reaction mixture, and the measured at a glassy carbon electrode in 0.1 M phosphate buffer (pH 7.0).



