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The main abnormality in insulin-dependent diabetes 
meilitus (IDDM) is hypergycemia due to deficiency of 
insulin,1 but there are many serious secondary compli
cations, such as atherosclerosis, microangiopathy, renal 
disfunction and failure, cardiac abnormality, diabetic 
retinopathy, and ocular disorders. At present severe 
diabetes can be controlled only by daily injections of 
insulin, so the development of compounds that cause 
insulin replacement or insulin mimetics on oral admin
istration would be very useful.2 

The finding in 1980 that vanadate (+5 oxidation state 
of vanadium) has an insulin-like effect3 stimulated research 
on insulin-mimetic vanadium compounds. The blood 
glucose level of rats with streptozotocin (STZ)-induced 
diabetes (STZ-rats) was found to be normalized by addition 
of sodium orthovanadate to their drinking water.4,5 Later, 
vanadium ions6-13 and vanadium complexes14-16 that are 
effective on oral administration to diabetic rats have been 
reported. We have been trying to develop new insulin
like vanadyl (+4 oxidation state) complexes that are less 
toxic17 than vanadate and are present only in the active 
form in rat cells and tissues18 using sulfur ligand-vanadyl 
complexes19 such as vanadyl-cysteine methyl ester com
plexes, which normalize the blood glucose level of STZ-
rats16 when given orally. 

Previously we reported that vanadyl sulfate potentiates 
glucose incorporation into isolated rat adipocytes12 and 
suppresses release of free fatty acids (FFA) from adipocytes 
treated with epinephrine,20 mimicking the effects of 
insulin. For evaluating the insulin-mimetic action of a 
vanadyl complex, we developed an in vitro test system 
using isolated rat adipocytes20 treated with epinephrine, 
in which the effect of a vanadyl complex is compared with 
that of insulin by measuring their effects on FFA release. 
As addition of insulin to adipocytes inhibits the release of 
FFA dose-dependently, a complex that causes dose-
dependent inhibition of FFA release is expected to have 
an insulin-mimetic action in vivo. Among the various 
vanadyl complexes with V-O, V-N, and V-S coordination 
modes tested,21 the gray-green bis(pyrrolidine-N-car-
bodithioato)oxovanadium(IV) complex (C10H16N2OS4V, 
V-P) was found to show the strongest insulin-mimetic 
activity. 
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Figure 1. Inhibitory effects of vanadyl complexes on free fatty 
acid (FFA) release from rat adipocytes treated with epinephrine. 
Rat adipocytes were prepared as reported.12-21 B: Blank, 
adipocytes were treated with saline for 30 min and then incubated 
for 3 h at 37 °C. C: Control, adipocytes were treated with saline 
for 30 min and then incubated with 10-* M epinephrine for 3 h 
a t37°C VS,V-M,andV-E: Adipocytes were treated with 10"4 

M vanadyl sulfate, bis(iVJV-dimethyldithiocarbamato)oxova-
nadium(IV) and bis(/V^V-diethyldithiocarbamato)oxovanadium-
(IV), respectively, and then incubated with lO-6 M epinephrine 
for 3 h at 37 °C. V-P: Adipocytes were treated with 10-*, 5 X 
10"4, and 10"3 M V-P complex and then incubated with 10"6 M 
epinephrine for 3 h at 37 °C. Values are means ± SD for three 
experiments. 

i 
0) 

> Q) 
- J 

<1> 

O 
O 
3 

0 

E 

1 

31 

25 

JO 

IS 

10 

5 

0 

0.196mmoiyyg 

T 0.098mmol V kg 

jk no administration 

\ 
rk p'°' 

X ^ v " 

I I I l.p. 

— 1 — 1 — 1 — 1 — 1 — 1 — 1 — 1 — 1 1 1 — 1 — 1 — 1 — 1 — 1 1 

5 0 0 

400 

300 

2 0 0 

100 

0 

! 

— 0) 

Le
v 

| 
0 
0 

G
lu

 

f 

S
er

u
 

- J -2 -1 0 1 2 3 4 5 6 7 ( 9 1 0 1 1 1 2 1 3 1 4 1 5 

Day 
Figure 2. Basal serum glucose levels in STZ-rats receiving daily 
oral or ip treatments with V-P (0.1% mmol/kg of body weight 
for the first 2 days and then 0.098 mmol/kg of body weight and 
then no treatment).26 Values are means ± SD for four rats. 

In 1965, almost quantitative (>96 %) preparation of V-P 
in ethanol by mixing ammonium pyrrolidine-N-car-
bodithioate and vanadyl sulfate in 2:1 molar ratio was 
reported,23 but the complex was incompletely character
ized. We characterized it by visible absorption, infrared 
(IR) absorption, and electron paramagnetic resonance 
(EPR) spectrometries at room and liquid nitrogen tem
peratures.24 

Figure 1 shows the inhibitions of FFA release from 
isolated rat adipocytes treated with epinephrine in the 
absence of glucose by vanadyl sulfate (VS), bis(AT^V-
dimethyldithiocarbamato)oxovanadium(IV) (V-M), bis-
(iV^V-diethyldithiocarbamato)oxovanadium(rV) (V-E), and 
V-P complexes. At concentrations of 10-4 M, V-P was the 
most effective, and its effect was dose-dependent in the 
concentration range lO-^-lO-3 M.21 Thus we selected V-P 
for in vivo tests on STZ-rats. 
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Figure 2 shows the changes in the basal serum glucose 
level in male Wistar rats with STZ-induced diabetes on 
daily intraperitoneal injection (ip) or oral administration 
(po) of V-P.2B When the V-P complex was given at a dose 
of 10 mg (0.196 mmol) of vanadium(V)/kg of body weight 
for the first 2 days, the serum glucose level decreased to 
the normal range within 2 or 3 days, and it was maintained 
in the normal range by daily administration of 5 mg (0.098 
mmol) of V/kg. In STZ-rats in which serum glucose level 
was normalized within 1 week on administration of V-P, 
the level remained normal for 1 week after the end of 
treatment and then gradually increased. The results 
indicated that V-P was more effective on intraperitoneal 
injection than on oral administration. 

Normalization of the serum glucose level of STZ-rats 
by treatment with V-P was associated with normalization 
of the serum FFA level (control nondiabetic rats, 0.38 ± 
0.06 mequiv/L serum; STZ-induced diabetic rats, 1.12 ± 
0.12 mequiv/L; STZ-rats treated orally with V-P for 1 week, 
0.42 ± 0.05 mequiv/L) as predicted from the in vitro tests. 
We found a good linear relationship between serum glucose 
and FFA levels.26 Thus, monitoring of both serum glucose 
and FFA levels seems necessary for evaluating the degree 
of diabetes. 

This work showed that the easily prepared complex V-P 
was very effective for normalizing both the serum glucose 
and FFA levels in STZ-rats. The present study also 
indicated the value of an in vitro system using isolated rat 
adipocytes for predicting the in vivo effects of test 
complexes. We are now studying the mechanism of action 
V-P complex. 
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