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Mechanisms of Stimulatory Release of Lipoprotein
Lipase Activity by Vanadium Compounds

Toshio Motoyashiki, Hiroshi Ueki

Abstract

Lipoprotein lipase (LPL) catalyzes the hydrolysis of plasma
triglycerides and thereby regulates the uptake of their
constituent fatty acids by tissues such as adipose tissue, cardiac
and skeletal muscles, and mammary gland. Vanadium is an
essential trace element for animals owing to its physiological and
biochemical activities. Vanadium compounds mimic many iz uitro
and i ww effects of insulin including the stimulation of glucose
transport, the stimulatory phosphorylation of insulin receptor in
isolated rat adipocytes, and the normalization of blood glucose
levels of streptozotocin—-induced diabetic rats. In this review, we
found that vanadium compounds stimulates the release of LPL
activity from isolated rat fat pads through a transient increase in
cellular content of cAMP and myo-inositol 1,4,5-trisphosphate

(1,4,5-IP3), leading to an intracellular Ca?* concentration.
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Fig. 1-1. Synthesis, Processing, and Secretion of LPL in Adipocyte
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Fig. 1-3. Inhibitory Effects of Quin 2-AM, Ruthenium Red, or
Ca?*-Free on Stimulatory Release of LPL Activity from
Fat Pads by Vanadate

KRBGA (complete buffer) was composed of 119mM NaCl, 25mM
NaHCO3, 4.8mM KCI, 1.3mM CaClz, 1.2mM KH2P0O4 and MgSOs4,

5mM glucose, 2% BSA.
The Ca?*-free buffer was prepared by omission of 1.3mM CaClz from

the complete buffer. )
The fat pads were preincubated with quin 2-AM in KRBGA containing
10mM sodium pyruvate for 15 min or with ruthenium red in KRBGA for
15 min, then further incubated with or without vanadate (2mM) for 90 min.
The fat pads were incubated with or without vanadate (2mM) in
Ca?*-free buffer for 90 min.
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Fig. 2-1. Effect of Neomycin on Stimulatory Release of LPL Activity
from Fat Pads by Vanadate

The fat pads were preincubated with neomycin at the indicated
concentrations for 15 min, then further incubated with (@) or

without () vanadate (2mM) for 90 min.
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Fig. 2-2. Time Course of Increase in 1,4,5-1P3 Content in Fat Pads
by Vanadate

The fat pads were incubated with (@) or without (O)
vanadate (2mM) in KRBGA for the indicated periods.
Significant differences compared with the control: * p<0.05

and ** p<0.01.
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Fig. 2-3. Inhibitory Effect of Neomycin on Increase in
Cellular 1,4,5-1P3 Content by Vanadate

The fat pads were preincubated with or without neomycin (2 mM)
for 15 min and further incubated with or without vanadate (2 mM)

in KRBGA for 30 s. .

Significant differences compared with group without neomycin:

* p < 0.05.

Remaininig *Ca?* content in ER (%)
Time after addition (min) 0 1 3

1,4,5-1P3 (50 1 M) 100 78 £5.0% 74 +440F
A23187 (5 1« M) 100 46 +22% 52+ 51
Vanadate (2mM) 100 95 + 5.2 98 + 5.1

Table 2-1. Effect of 1,4,5-1P3, A23187, or Vanadate on Ca2* Content
in ER

45Ca?*-|loaded ER was incubated with 1,4,5-1P3, A23187,
or vanadate for the indicated periods.
Significant differences compared with no addition of reagent:
* p<0.05.
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Remaininig *5Ca2* content in ER (%)

Time after addition (min) ) 1 3

- TCA-soluble fraction

Treated for 30 sec. ) .
Control 100 102 + 2.5 98 + 3.0
Vanadate (2mM) 100 73+ 38% 69 +54%

Treated for 90 min
Control ) 100 99 J_f1.2 97 + 23
Vanadate (2mM) 100 98 +32 . 96 +5.1

Table 2-2. Effects of TCA-Soluble Fractions on Ca2+ .C’onteht in ER

The fat pads were incubated with or without vanadate (2mM) for
30 s'or 90min in KRBGA at 37°C. The incubated fat pads were

- quickly frozen to terminate the reaction and homogenized in chilled
12.5% TCA. After centrifugation at 16000xg for 10min, the resultant
supernatant was extracted with chilled HzO-satulated diethyl ether
to remove TCA (TCA-soluble fractions). 4Ca?*-loaded ER was
incubated with TCA-soluble fractions for the indicated periods.
Significant differences compared with the control: * p<0.05.
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_7_



1400
“O:IPT AIP2 @;1P3 A;IP4 A

1000
600 -

»0e

200
-
180
160
140
120

Percentage of initial volume

100

80 1 1 1 | 1 1 ilr ]
0 05 1 15 2 25 3 90

Incubation time (min)

Fig. 2-4. Time Course of Changes in Inositol Polyphosphate
Contents in Fat Pads by Vanadate

The fat pads were incubated with vanadate (2mM)
in KRBGA for the indicated periods.
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Fig. 2-5. Effect of Vanadate on Inositol Poiyphosphate Contents
in Fat Pads Pretreated with or without Neomycin

The fat pads were preincubated with or without neomycin (2mM)
for 15 min, then further incubated with or without vanadate (2mM)
for30s.
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Fig. 2-6. Effect of Vanadate on Inositol Polyphosphate Contents
in Fat Pads Pretreated with or without Neomycin

The fat pads were preincubated with or without neomycin (2mM)
for 15 min, then further incubated with or without vanadate (2mM)
for 90 min.
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Fig. 3-1. Effect of Quercetin on Stimulatory Release of LPL Activity
from Fat Pads by Vanadate

The fat pads were preincubated with quercetin at the indicated
concentrations for 15 min, then further incubated with (@) or

without () vanadate (2mM) for 90 min.



w

N

LPL activity in medium (u mol FFA/h/g)

0 50 100 150 200
Propranolol (1 M)

Fig. 3-2. Effect of Propranolol on Stimulatory Release of LPL Activity
from Fat Pads by Vanadate

The fat pads were preincubated with propranolol at the indicated
concentrations for 15 min, then further incubated with (@) or
without (O) vanadate (2mM) for 90 min.

Control 25 50 100 1 2 5

(nM) (mM)
Isoproterenol = Bt, cAMP

Fig. 3-3. Stimulatory Effect of Isoproterenol or Bt2cAMP on
Release of LPL Activity from Fat Pads

The fat pads were incubated with isoproterenol or Bt2cAMP for
90 min.
Significant differences compared with the control: * p<0.05 and

*x p<0.01.
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Fig. 3-4. Time Course of Increase in cAMP Content in Fat Pads
by Vanadate or Isoproterenol

The fat pads were incubated with vanadate 2mM, @) or
isoproterenol (50nM, A) or without either one (O) for 0-10 min.
Significant differences compared with the control: * p<0.05

and ** p<0.01.
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Fig. 3-5. Effect of Propranolol on cAMP Content in Vanadate- or
Isoproterenol-Treated Fat Pads

The fat pads were preincubated with propranolol (200 1 M, hatched
bars) or without it (white bars) for 15 min, then further incubated with
vanadate (2mM) or isoproterenol (50nM) for 3 min.

Significant differences compared with each group without
propranolol: * p<0.05 and ** p<0.01.
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Fig. 3-6. Effect of H-8 on Vanadate-Stimulated Release of
LPL Activity from Fat Pads

The fat pads were preincubated with H-8 at the indicated
concentrations for 15 min and further incubated with (@) or
without (O) vanadate (2mM) for 90 min.
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Fig. 3-7. Time course of Increase in PKA Activity Ratios in Fat Pads
by Vanadate or Isoproterenol

The fat pads were incubated with vanadate (2mM, @) or
isoproterenol (100nM, A) or without either one (O) for 0-30 min.
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Fig. 4-1. Effect of Vanadate on Release of LPL Activity from Fat Pads

The fat pads were incubated with (@) or without (O) vanadate
(2 mM) for 0-30 min.
Significant differences compared with the control (without vanadate):
*p<0.05and **p <0.01.
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Fig. 4-2. Effect of Exogenous Adenosine on Vanadate-Stimulated
Release of LPL Activity from Fat Pads

The fat pads were incubated with (@) or without (O) vanadate (2 mM)
for 30 min after the addition of adenosine at the indicated concentrations,
in the presence of 10 uM EHNA.
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Fig. 4-3. Effect of Exogenous Adenosine on Vanadate-Increased
cAMP Content in Fat Pads

The fat pads were incubated with (@) or without (O) vanadate

(2 mM) for 5 min after the addition of adenosine at the indicated
concentrations, in the presence of 10 uM EHNA.
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Fig. 4-4. Effect of Vanadate on 5-Nucleotidase Activity

The fat pads were incubated with (@) or without (O)vanadate (2 mM)
for 0-10 min, homogenized, and centrifuged to separate a particulate
containing plasma membrane. The enzymatic activity was determined
as described by Heppel et al.’®),

Significant differences compared with the control (without vanadate):
* p<0.05and **p <0.01.
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Fig. 4-5. Dose-Dependent Curve for Suppression of Elevated
5-Nucleotidase Activity by Vanadate

The fat pads were incubated with vanadate at the indicated
concentrations for 10 min.
Significant differences compared with the control (without vanadate):
*p < 0.05
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Dose-Dependency of Astilbin on Stimulated Release
of LPL Activity by Vanadate

The fat pads were preincubated with astilbin at the indicated
concentrations for 15 min and further incubated with (@) or
without (O) vanadate (1 mM) for 90 min.
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Fig. 5-2.

Effect of H-8 on Enhancement of Vanadate-Stimulated
Release of LPL Activity by Astilbin

The fat pads were preincubated with H-8, then astilbin at the
indicated concentrations for 15 min each and further incubated
with or without vanadate (1 mM) for 90 min.

Significant differences compared with the vanadate-stimulated
release group without H-8: * p < 0.05 and ** p < 0.01.



FFA (1w mol/h/g)
N

1 1 1 1 1

0 100 200 300 400 500
Astilbin (« M)
Fig. 5-3. Effect of Astilbin on Lipolysis in Fat Pads in the Presence
or Absence of Vanadate

The fat pads were preincubated with astilbin at the indicated
concentrations for 15 min and further incubated with (@) or
without (O) vanadate (1 mM) for 80 min.
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Fig. 5-4. Effect of Astilbin on Increase in Cellular cAMP
Content by Vanadate

The fat pads were preincubated with or without astilbin (200 u M)
for 15 min and further incubated with or without vanadate (1 mM)

for 3 min.
Significant differences compared with the vanadate-treated group

without astilbin: * p < 0.05.
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Fig. 5-5. Effects of Astilbin on Stimulation of PDE Activity in
Particulate Fraction of Fat Pads by Vanadate

The fat pads were preincubated with or without astilbin (200 M)
for 15 min and further incubated with or without vanadate (1 mM)
for 60 min.

Significant differences compared with the vanadate-treated group
without astilbin : * p < 0.05.
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Fig. 6-1. Stability of Vanadyl in the Presence or Absence of BSA

Vanadyl! (3mM) was incubated with (@) or without (O) BSA (0.3mM)
in KRBG at 37°C. At indicated times, aliquots were acidified with
HCl and the amount of vanadyl in the V4* oxidation state was
calculated as described by Gupta et al.””,
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Fig. 6-2. Time Course of Stimulatory Effects of Vanadyl-BSA and
Vanadate on Release of LPL Activity from Fat Pads

The fat pads were incubated with 2mM vanadyl-BSA (@) or
vanadate (A) or without either one {O) in KRBGA up to 150 min.
Significant differences compared with the control: * p<0.05
and ** p<0.01.
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Fig. 6-3. Dose-Response Curves for Stimulatory Effects of

Vanadyl-BSA and Vanadate on Release of LPL Activity
from Fat pads

The fat pads were incubated with vanadyl-BSA (@) or
vanadate (A) in KRBGA for 90 min at the indicated concentrations.
Significant differences compared with the control (without
vanadyl-BSA or vanadate): * p<0.05 and ** p<0.01.
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Fig.6-4. Effects of Various Inhibitors on Stimulatory Release of
LPL Activity from Fat Pads by Vanadyl-BSA

The fat pads were preincubated with or without inhibitors
for 15 min and further incubated with or without 2 mM
vanadyl-BSA in KRBGA for 90 min.

250

cAMP content in fat pads (pmol/g)

—L 1 1 1 1 1

0 2 4 6 8 10
Incubation time (min)

Fig. 6-5. Time Course of Increase in cAMP Content in Fat Pads
by Vanadyl-BSA

The fat pads were incubated with (@) or without (O)
2mM vanadyl-BSA in KRBGA up to 10 min.
Significant differences compared with the control: * p<0.05

and ** p<0.01.
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Fig. 6-6. Dose-Response Curve for increase in cAMP Content
in Fat Pads by Vanadyl-BSA

The fat pads were incubated with vanadyl-BSA (@)

in KRBGA for 3 min at the indicated concentrations.
Significant differences compared with the control (without
vanadyl-BSA ): * p<0.05 and ** p<0.01.
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Fig. 6-7. Inhibitory Effect of Propranolol on Increase in Cellular cAMP
Content by Vanadyl-BSA

The fat pads were preincubated with or without 100 and 200 u M
propranolol for 15 min and further incubated with or without 2 mM
vanadyl-BSA in KRBGA for 3 min.

Significant differences compared with the vamadyl-BSA-treated group
without propranolol: * p < 0.05 and ** p < 0.01.
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Fig. 6-8. Time Course of Increase in 1,4,5-1P3 Content in Fat Pads
by Vanadyl-BSA

The fat pads were incubated with (@) or without (O)
2mM vanadyl-BSA in KRBGA up to 120 s.
Significant differences compared with the control: * p<0.05

and ** p<0.01.
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Dose-Response Curve for Increase in 1,4,5-1P3 Content
in Fat Pads by Vanadyl-BSA

The fat pads were incubated with vanadyl-BSA (@)
in KRBGA for 15 s at the indicated concentrations.
Significant differences compared with the control (without
vanadyl-BSA ): ** p<0.01.
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Inhibitory Effect of Neomycin on Increase in

Cellular 1,4,5-1P3 Content by Vanadyl-BSA

The fat pads were preincubated with or without 50 and 100 u M
neomycin for 15 min and further incubated with or without 2 mM
vanadyl-BSA in KRBGA for 15 s.

Significant differences compared with the vamadyl-BSA-treated
group without neomycin: * p < 0.05 and ** p < 0.01.
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Fig. 6-11. Incorporation of [3H] Leucine into Protein of Fat Pads
by Incubated with or without Vanadyl-BSA

The fat pads were incubated with (@) or without (O)
2mM vanadyl-BSA in 1m| of KRBGA containing
[®H] leucine (18.5 kBg) up to 120 min.
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Fig. 6-12. Effect of Cycloheximide on Incorporation of [3H] Leucine
into Protein of Fat Pads

The fat pads were incubated with cycloheximide for 30 min at the
indicated concentrations, as described in the legend of Fig. 6-11.
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Fig. 6-13. Effect of Cycloheximide on Stimulatory Release of LPL
Activity from Fat Pads by Vanadyl-BSA

The fat pads were incubated with or without 2mM vanadyl-BSA
for 90 min in the presence of cycloheximide.
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