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A New Type of Orally Active Insulin-Mimetic Vanadyl Complex:
Bis(1-oxy-2-pyridinethiolato)oxovanadium(IV) with VO(S,0,) Coordination Mode
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A new purple vanadyl complex, bis(1-oxy-2-pyridinethiolato)’

oxovanadium(IV), VO(OPT), with VO(S,0,) coordination
mode, was prepared by mixing 2-mercaptopyridine-N-oxide or
1-hydroxy-2-pyridinethione and VOSO,, and characterized by
UV, IR and EPR spectra, magnetic susceptibility and partition
coefficient. Based on the higher in vitro insulin-mimetic activity
of VO(OPT) (ICs=0.19 mM) than that of VOSO, (ICs=0.9
mM), the complex was found to be a potent agent for treating
insulin-dependent diabetes mellitus in rats when given by daily
intravenous injection or oral administration.

The in vitro findings in 1980,"? that both vanadyl (+4
oxidation state of vanadium) and vanadate (+5 oxidation) have
an insulin-mimetic activity, stimulated in vivo research on
insulin-mimetic vanadium compounds. In 1985 and 1987,* the
blood glucose level of rats with streptozotocin (STZ)-induced
diabetes (STZ-rats) was reported to be normalized by addition
of vanadate to their drinking water. These observations
prompted us to develop orally active insulin-mimetic complexes
in STZ-rats. In our research, we used vanadyl, which is less
toxic than vanadate’ and present exclusively in rats. ° Since we
reported first that vanadyl-cysteine methyl ester, -malonate and
-tartarate complexes’ are effective on oral administration in
STZ-rats, several types of vanadyl complexes with different
coordination modes such as VO(0,),”® VO(S,) ,>° VO(S,N,),’
VO(N,0,)"*and VO(N,0,)* have been proposed.'*"

In general, vanadyl is a hard acid and thus this metal ion binds
preferentially with hard bases such as oxygen and nitrogen
ligands.”® However, vanadyl complexes such as vanadyl-
cysteine methyl ester”® and —dithiocarbamate®™® complexes
with VO(S,0,) and VO(S,) coordination mode, respectively,
have been found to form stable complexes and exhibit high
insulin-mimetic activity when administered orally. We
examined another types of vanadyl complexes and found that a
purple bis(1-oxy-2-pyridinethiolato)oxovanadium(IV) complex
(CuHN,0,S,V, VO(OPT)) with VO(S,0,) coordination mode
has a strong insulin-mimetic activity. This paper reports the
results on the synthesis, in vitro and in vivo insulin-mimetic
activities, and pharmacokinetic analysis of the complex.
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VO(OPT) was prepared by mixing, 2-mercaptopyridine-N-
oxide (Aldrich, Japan) or 1-hydroxy-2-pyridinethione (Tokyo
Kasei, Japan) and vanadyl sulfate (VOSO,) at molar ratio 2:1 of
ligand:metal ion in aqueous solution of pH 5-6. The yield of the
complex on the basis of ligand was 80% each. The structure of
VO(OPT) was characterized by visible absorption, infrared (IR)
and electron paramagnetic resonance (EPR) spectrometries,
magnetic susceptibility and partition coefficient.”

In evaluating in vitro insulin-mimetic action of VO(OPT), we
examined its inhibitory effect on free fatty acid (FFA) release in

VO(OPT)

isolated rat adipocytes treated with epinephrine.’*'”* When

VO(OPT) was added to the adipocytes, it inhibited the FFA
release dose-dependently, the ICs, value, 50% inhibitory
concentration of the complex on the FFA release in the
adipocytes, being 0.19 mM, indicating that VO(OPT) is one of

the most effective complexes among others examined
previously,'>*" whereas the value of VOSO, was 0.9 mM
under the same experimental conditions. )

‘Since VO(OPT) was found to be a potent insulin-mimetic
complex, we examined the change of serum glucose levels in
male Wistar STZ-rats on daily intraperitonial injection (ip) and
oral administration (po) of VO(OPT). When STZ-rats received
daily ip injection of the VO(OPT) at the dose of 5.0 mg (98 u
mol) or 2.5 mg (49 mol) of vanadium(V)/kg of body weight
for the first 14 days, the serum glucose level decreased to the
normal range within 7 days and they were maintained in the
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Figure 1. Serum glucose changes in the STZ-diabetic rats given VO(OPT)
complex by daily ip (A) and po (B) administrations. Data are expressed as
the means # SDs for 6 rats.

normal range by the following administration of the same
complex at the dose of 2.5 mg (49u mol) or 1.25 mg (2454
mol) V/kg for further 7 days, respectively (Figure 1(A)). The
glucose level of STZ-rats given higher doses of the complex
(5.0 and then 2.5 mgV/kg) remained normal for more than 10
days after the end of treatment, however, that given lower doses
of the complex (2.5 then and 1.25 mgV/kg) gradually increased.
Based on the observations, the VO(OPT) complex was given to
STZ-rats by oral administration. When STZ-rats received daily
oral administration of the complex at the dose of 10 mg (1964
mol)V/kg for 21 days, the serum glucose level was normalized
within 4 or 5 days and it was maintained in the normal range for
more than 20 days after the end of treatment (Figure 1(B)).
These results indicated that VO(OPT) is effective on both ip
and po administrations. The normalization of the serum glucose
level of STZ-rats by oral administration of VO(OPT) was
supported in part by the improvement of serum FFA, and blood
urea nitrogen (BUN) levels (Table 1). However, the serum
insulin level was not recovered as expected, indicating that the
effect of VO(OPT) is not peripheral.

Then, we evaluated the vanadyl level in the blood of rats to
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Table 1. Serum parameters in STZ-rats treated with VO(OPT) complex
Treatment Dose of VO(OPT) Day Glucose  Insulin FFA BUN
(mgV/kg body weight)  after treatment  (mg/dl) (uU/ml) (mEq/L) {mg/dL)
Normal rats — — 165+£25 259+1.6 038%0.06 14.0% 0.7
STZ-rats . — — 406+64 5.1%38 125+014 20.0 % 3.1
STZ-rats + VO(OPT) (ip) — 0 366+76 9.1%£44 077+£0.18 202 % 5.2
2.5mgV/kg body weight 2.50 14 177449 49452 0744015 207 £118
1.25mgV/kg body weight 1.25 21 215493 62448 039+0.11 399 £21.3
no administration 0 30° 263 53 121 28.0
STZ-rats + VO(OPT) (ip) — 0 4421188 53%2.6 0831027 224 %+ 4.8
5.0mgV/kg body weight 5.00 14 10848 19417 0.36+010 106.0 +36.1
2.5mgV/kg body weight 2.50 21 82+71 6.8+58 0.26+0.20 58.4 +38.6
no administration 0 30" 190 6.8 0.87 02
STZ-rats + VO(OPT) (po) — 0 339%£59 94+ 99 0.99+0.17 182+ 3.1
10mgV/kg body weight 10.00 14 210445 25+ 2.0 099+020 136+ 16
no administration 0 30 184+42 11.9412.0 0.99+0.10 194 + 4.0

Data are expressed as the means + standard deviations for 6 rats.
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Figure 2. Time courses for vanady! concentrations in the blood of rats as
monitored by BCM-EPR method. Data represent the means x SDs for 4 rats
and the theoretical curves were fitted to the mean values.

clarify the disposition of VO(OPT) or VOSO, at the dose of 0.5
mg (9.8 pmol) V/kg body weight, in which blood circulation
monitoring-EPR  (BCM-EPR)* was used to measure the
paramagnetic vanadyl species in the blood of rats received
intravenous injection of the complex. As shown in Figure 2, the
concentrations of vanadyl species in the blood of rats given
VO(OPT) or VOSO, were decreased almost linearly in the
semilogarithmic plot. The pharmacokinetic parameters® for
VO(OPT) indicated that vanadyl concentrations in the blood of
rats given VO(OPT) remain higher than those given VOSO,.”
From these results, VO(OPT) complex was concluded-to have a
long-acting character, as supported by the partition coefficient
(P=12) of VO(OPT) and that (P=0.16) of VOSO,.”

On the basis of these results, we propose here a new VO(OPT)
complex with VO(S,0,) coordination mode as an orally active
and long-acting characters for treating insulin-dependent
diabetes mellitus.

The study was supported in part by the grants from the
Ministry of Education, Science, Sports and Culture of Japan to
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