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Abstract

Vanady! ion and its complexes have been found to normalize the blood glucose levels in both type 1 and 2 diabetic
animals. We have developed various types of vanadyl complexes, and found that the bis (picolinato) oxovanadium
(IV) [VO(pa),] complex is an effective agent for treating diabetes mellitus. Then, we used VO(pa), as a leading
compound for developing more active agents with hypoglycemic effects. By introducing an electron-withdrawing
group such as a halogen atom into the pyridine ring of picolinic acid, seven kinds of vanadyl picolinate complexes
were prepared. The structures of these complexes were characterized by elemental analysis and physical methods
such as visible, IR, and ESR absorption spectra, and magnetic susceptibility. Introduction of an iodine to the
picolinic acid gave a stronger insulinomimetic activity than that of VO(pa),. The hyperglycemia of streptozotocin-
induced insulin dependent diabetic mice was normalized when bis(4-chloropicolinato)oxovanadium(IV) [VO(4cpa),]
or bis(4-iodopicolinato)oxovanadium(IV) [VO(4ipa),] was given by a single intraperitoneal injection. The metallo-
kinetic features of vanadyl species in the blood were examined by using the blood circulation monitoring-electron
paramagnetic resonance (BCM-EPR) method. Vanadyl concentrations in the blood of normal rats given VO(4cpa),
and VO(4ipa), remained higher and longer than those of VO(pa), because of their slower clearance rates. On the
basis of the results, we conclude that introduction of a halogen atom to 4th position of picolinic acid enhances
insulinomimetic activities and reduces clearance rate of the vanadyl species from the blood.
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Materials and Methods
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Results & Discussion
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Table 1 IC;, values of vanadyl ion and vanadyl com-
plexes with picolinic acid and its derivatives

Complex I1C,, (mM)

VO0SO0, 1.29 + 0.10

VO(pa), 1.00 £ 0.02
VO(4cpa), 1.76 £ 0.117
VO(4ipa), 0.83 + 0.05
VO(5ipa), 0.76 £ 0.10*
VO(6fpa), 5.47 + 1.00
VO(6cpa), 3.46 + 0.52
VO(6bpa), n.d.

Data are expressed as means + S.D. for 3 experiments.
Significance : * p<0.05 vs. VO(pa),

TERMIIC B 28 F D EERD A A Y URRER %
AL 7SR, o) VBRI — NETFEEA LN
VNVEER I B THRCIENR OB ST Ih S 2k
B motz, INEI—RETEHEATLI LWL DN
FONERPHIE IS LT hkolclebeHEZ S
#2[7] (Table 1),

Table 2 Pharmacokinetic parameters of vanady! com-
plexes with picolinic acid and its derivatives

VO(pa): VO(4ipa): VO(4cpa):

AUC(zmol*min/mL) 1.90 = 0.15 2.60 = 0.17**" 2.13 + 0.2*

MRT(min) 35.1 + 4.5 50.2 £ 5.5* 2.3 + 1.7
CLo(mL/min/kg) 5.2 £ 0.4 3.8 £ 0.2**" 4.6 + 0.5*
Vd(mL/kg) 182 + 28 189 + 12 196 + 13
t} (@)(min) 0.5 £ 0.1 0.7 £ 0.1 0.8 £ 0.2
t} (8)(min) 26.5 + 3.3 37.3 = 4.0° 31.6 + 1.0

Rats were treated with vanadyl complexes such as
VO(pa), (n=3), VO4ipa), (n=3), and VO(4cpa), (n=3). Sig-
nificance : *p<0.05 vs. VO(pa)s, **p<0.01 vs. VO(pa),. "p<0.
05 vs. VO(dcpa),.

BT, 1 BERBEE TNV THESTZ-7 7 ATy
IR R BIREIENIE 5§ 5 L, 2 ) YBEO 4 i
oy VT R2EALTZVO (depa) . 8 £ VO (dipa) ;i8>
TEN PR TERASRED S lz, I OMBERE ~EA
13VO(pa), L ERTHEB TH -7 —H. E2 D VED
SR 6 friz oy VT REA LTS R TR
A ool (Fig 2),

5 IR ISR T2/ F P VEERIZ DWW T
ESR% R CIMFERE & JE L7z, BIERTIC NTF Vil
EOMBHFTOREW R LI L 25, FERFRILESR
ARZ PNVOBEE L MEEEREOEIERI R o7
2. [MIRPTIRIFEACBILETKERZ TS5 8k



350 Biomed Res Trace Elements 16(4) : 348-351, 2005

© Xg X5
Position Substituent atom Complex
4 CL1 VO4cpa)z, VO(dipa)z
5 1 VO(Gipa)
VO(fpa)z, VO6epa)z
6 F,CL, Br, 1

VO®bpa)z, VOBipa)

Fig. 1 Prepared vanadyl complexes with halogenated
picolinic acids
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Fig. 2 Changes of blood glucose levels in STZ-mice
received a single i.p. injection of vanadyl com-
plexes such as (O) Control, (A) VO(pa),, (@)
VO(4cpa),, or (l) VO(4ipa), at a dose of 10 mg
V/kg body weight
The complexes were dissolved in 59 acacia.
VO(4cpa), was effective for 3/6 mice, and
VO(4ipa), was effective for 6/6 mice. Values are
means = S.D.s for 3-10 mice
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Fig. 3 Linear relationship between CLtot and glucose

lowering effect (%) for (A) VO(pa), (@)
VO(4cpa),, and () VO(4ipa),
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