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Be Fascinated by Vanasium
Hiroshi Ueki

ABSTRACT

Vanadium is an essential trace element for animals owing to its
physiological and biochemical activities but it is still unknown
whether the element is essential for humans. The effects of vanadate
on lipoprotein lipase (LPL), a lipid-metabolizing enzyme, were tested
using isolated rat fat pads. Vanadate increased the cellular LPL
content through the stimulation of intracellular transport of the
enzyme for activation, probably glycosylation. The stimulated release
of LPL from the fat pads by vanadate was due to the increase in
intracellular Ca*" concentration, leading to the fusion of plasma
membrane with vesicle including active LPL. Thus, vanadate appears
to differ from both insulin and heparin with regard to the mechanism
of action although it shows the insulin and heparin-mimic actions.
Leptin is the product of the obese gene and secreted from adipose
tissue into the circulation. Vanadate, in contrast to insulin, decreased
the cellular leptin content and secretion by the increased degradation
via a cAMP /PKA-dependent process involving proteasome
activation. In hepatocytes, cAMP phosphodiesterase type 3 was
stimulated via the increased mitogen-activated protein kinase activity
by vanadate. On the ‘other hand, the stimulation by insulin was
dependent on the Akt kinase activation. The effects of vanadate were
additive to those of insulin, suggesting that vanadate differes from
insulin with regard to a receptor- signaling cascade. Furthermore,
vanadate showed the anti-platelet and antithrombin actions, leading
to the prolongation of blood clotting time. Thus, vanadate seems to

be useful as biological tools and medicines.
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Fig. 1-1. Time Course of Increase in LPL Activity
in Isolated Rat Fat Pads by Vanadate or Insulin

The fat pads were incubated with vanadate
2mM, @), insulin (3nM, A ), or neitherone( Q)
in Krebs-Ringer bicarbonate buffer containing
5 mM glucose and 2% serum albumin, pH 74,
(KRBGA) for up to 150 min. The incubated fat
pads were homogenized and centrifuged. The
resultant supernatant was used as crude LPL
solution. The activity was assayed using the
activated intralipos in the presence or absence
of 1 M NaCl. The LPL activity calculated from
values reduced in the presence of 1 M NaCl is
expressed as u mol free fatty acids (FFA)
produced per h per g fat pads.
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Fig. 1-3. Time Course of the Stimulatory Effects
of Vanadate and Heparin on Release of LPL
Activity from the Fat Pads

The fat pads were incubated with vanadate ( 2
mM, @), heparin (5 U/ ml, A), or neither one
(O) for up to 150 min. The incubated fat pads
were removed by centrifugation, and the
resultant solution was used as the enzyme
solution.
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Fig. 1-2. Effect of Monensin on Increase in LPL
Activity in Fat Pads by Vanadate or Insulin

The fat pads were preincubated with
monensin at the indicated concentrations for 15
min and further incubated with vanadate (2
mM, @), insulin (3nM, A ), or neither one (O)
for 120 min.
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Fig. 1-4. Effect of Quin 2-AM Loading on
Vanadate-Stimulated Release of LPL Activity
from Fat Pads

The fat pads were preincubated with quin
2 -AM at the indicated concentrations for 15 min
and furtherincubated with vanadate(2mM, @ ),
heparin (10 U/ ml, A), or neither one (O ) for
90 min.
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Fig. 1-5. Time Course of the Increasing Effect of Vanadate on IP; Content in Fat Pads

The fat pads were incubated with vanadate (2 mM, @ ) or insulin ('15nM, O ) for the
indicated periods. Theincubated fat pads were quickly frozen to terminate the reaction
and homogenized in cold 12.5% trichloroacetic acid (TCA). The IPs amount was
determined using an IPs determination kit.
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Fig. 1-6. Dose-Response Curves for Increasing Effects of Vanadyl-BSA and Vanadate on
LPL Activity in Fat Pads or Medium

Vanadyl-BSA was prepared by preincubation with a molarratio of 10 (vanadyl): 1 (BSA)
in KRBG at 37 °C for 1 h immediately before use. The fat pads were incubated with
vanadyl-BSA or vanadate at the indicated concentrations for 90 min. (A) LPL activity
in fat pads. (B) LPL activity in medium.
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CHO : Carbohydrate. + : Stimulation. -
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Fig. 2-1. Depression of Appetite, Energy Expenditure, and Weight Loss by Stimulatory
Release of Leptin
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Fig. 2-2. Time Course of Leptin Secretion from
Isolated Mouse Fat Pads Incubated with
Vanadate or Insulin

The fat pads were incubated with 2 mM
vanadate, 700 nM insulin, or neither one for up
to 4 h. The incubated fat pads were removed by
centrifugation, and the resultant solution was
used as the leptin solution. Samples were
subjected to SDS-PAGE followed by Western
immunoblot analysis wusing anti-leptin
antibody. The relative amount of leptin was
determined by comparing the integrated density
against known leptin standards. Significant
differences compared with the control group at
each time : * p <0.01 and **p <0.001.
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Fig. 2-3. Time Course of the effect of Vanadate or
Insulin on the Leptin Content in the Fat Pads

Thefat pads, which were incubated with1 mM
vanadate, 700 nM insulin, or neither one for up
to 4 h, were homogenized and centrifuged. The
infranatant was further centrifuged. The
resultant supernatant was used to determine
the intracellular leptin content. Data are the
mean * SE from four different experiments,
each performed in duplicate.  Significant
differences compared with the control group at
each time: *p <0.05 and *p <0.01.

TT Y — DROEHLE N LTV TF L OMRESET D LR SNz ( Fig.2-4), 8-Br-cAMP
WEEEP O/ 7w T 7Y — AES b LR VT F o2 RE L, /7 — hOEA
ZHEB L (Fig.25), 7077 Y —AESDT Yy NP FF—BEER N5 — NMLEET
2EUEER L, ##E LTAFFT—bidBs-7 FLF U V2 FE— cAMP / PKA %%
MLTTuTTY—0% ) VBBILL, 2EXF UMV T F U REL, MIRRLV 7TV
BEXAWERS I EDZ LBHI N (Fig. 26).,
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Fig. 2-4. Effect of Vanadate-Treated Proteaséme
Fraction on the Degradation of Exogenous Leptin

The fat pads incubated with or without 1 mM
vanadate for 2 h were homogenized, sonicated,
and centrifuged. After centrifugation of the
infranatant, the resultant supernatant was used
as the proteasome fraction. ['?*1] Leptin was
incubated with the proteasome fraction, in the
absence or presence of an ubiquitination and /
or ATP-regenerating system for 1 h.
Radioactivity of degraded products is expressed
as cpm per mg protein of the proteasome
fraction. Results are the mean + SE from four
separate experiments, each performed in
duplicate. Significant differences compared
with the vanadate-treated group in the presence
of an ubiquitination system without ATP: * p <
0.05.
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Fig. 2-5. Effect of the 8-Br-cAMP-Treated
Proteasome Fraction on the Degradation of
Exogenous Leptin in the Absence or Presence of
H- 89 '

The fat pads were preincubated with H- 89 at
the indicated concentrations for 15 min, before
being treated with 10 1 M 8 -Br-cAMP. ['2°]]
Leptin was incubated with the.8-Br-cAMP-
treated proteasome fraction, in the presence of
ubiquitination and ATP-regenerating systems
for'1 h. Radioactivity of degraded products is
expressed as cpm per mg protein of the
proteasome fraction. Results arethemean + SE
from four separate experiments, each performed
in duplicate. Significant differences compared
with the control group and with 8-Br-cAMP-
treated group without H-89: *p <0.01 and #
p <0.001, respectively.
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Fig. 2-6. Proposal Mechanisms of the Decrease in Intracellular Leptin by Vanadate



8 ,\FF— k=& B PDE DiEHELE
BIRX 7 VAT ROk % it 5 B, PDE P‘JZZIKE?% R LI MRS EEM R

HENTWeDRTH > BBAEFIERIC B I TV 3,394 EERIT cAMP 8 X0 cGMP
DEREERICHETRL TADHRF 217V, PKA £ cGMP-dependent protein kinase 12 £ % U
VBE I A — ROEY 2 L—F —D—F L UTIERT 2. 5 3LAR0, 727 7 —¥ 2 PDE
BT D 2 L 2WE L YABER OGRS H-R 2 R > TV 2D Tf V2 Y VREEH PDE
3 B NFF— b OEHFAMIC OV TRE Lz, T v MEIBIC AT — b 2 RIES
2 L/NMEEESTEET S PDE 3 23&EM(L S, i1 #R9EN Tid Km BICid 8% 5 %
3 Vmax % EH X%/ (Table31)., *

Table 3-1. Kinetic Constants of PDE Activity in Particulate Fractions of Rat Adipocytes and Fat Pads
Treated with or without Vanadate

Km(ezM . Vmax (pmol / min / mg)

Control Vanadate Control Vanadate
Adipocytes 0.59 0.55 162 326
Fat pads 0.57 0.59 248 406

The adipocytes and fat pads were incubated with or without 2 mM vanadate for 60 min. Km and
Vmax values were calculated from double reciprocal plots of the PDE activity in a range of substrate
(cAMP) concentrations of 0.17-2 M.
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Fig. 3-1. Time Course of Stimulation of PKC Activity by Vanadate

The fat pads were incubated with 2 mM vanadate ( @ ), 3 nM insulin ( A ), or neither
one (O )foruptol50 min. The PKC activities in the particulate fractions were determined
with a PKC enzyme assay system kit.

ZF DOIEHE{LIT protein kinase C (PKC) #4132 Y VEBb I A7 — FEEEH D TREMES
Xz (Fig. 3-1). & 512 PDE3, protein tyrosine kinase (PTK) XU myelin
basic protein kinase ( MBPK ) {&453/3F 5 — M X 2 EH L CEEDO 70 7 7 A V&R
L7z (Fig. 32) OTINODEROEREIF L a~v b5 7 4 —TfT\v, PDE3 DHE
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Fig.3-2. Dose-Response Curves for Stimulatory Effect of Yanadate on PTK, MBPK, or PDE
Activity ’ _
The fat pads were incubated with vanadate at the indicated concentrations for 60 min,
homogenized, and centrifuged. Enzymatic activities in the resultant particulate
fractions were assayed using each substrate: (A) PTK activity against poly(Glu 4,Tyr
1)copolymer; (B) MBPK activity against MBP; (C) PDE activity against cAMP.
Significant differences compared with groups without vanadate, * P <0. 05 ,** p <0.01.
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Fig. 3-3. Effects of PTK and / or MBPK on PDE Activity

Enzymes, which had been partially purified by chromatography on DEAE-Sephacel
and phenyl-cellulofin columns, were preincubated with or without 2 mM amiloride for
5 min and assayed. Results are expressed as percentage of the control group without
the PTK and MBPK.

T, HPLC CHTFEZRELZE ZANF130kDa TH-7=DOTPDE3BICH D = L B3HER
Shiz, ORI TOEREESN 2 AWz ERER (Figs. 34, 3-5) IC&EFWT, BERTE
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Fig. 3-4. Effects of Inhibitors on Stimulaﬁon of PDE 3 Activity in Rat Hepatocytes by Insulin

Hepatocytes were preincubated with inhibitors at the indicated concentrations for 15
min and further incubated with or without 10 nM insulin for 30 min. The particulate
fractions separated were assayed for PDE 3 activity. Significant differences compared
with each insulin-treated group without inhibitors, * p <0.05, **p <0.01.

_12_



Control Vanadate (100uM)
Inhibitors

Propranolol

Wortmannin
0 (M
20
100
500
PDO8058
: 0 (1M
2
10
50
L 1 1
200 150 100 50 0 0 50 100 150 200
PDES activity (%) PDES3 activity (%)

Fig. 3-5. Effects of Inhibitors on Stimulation of PDE 3 Activity in Hepatocytes by Vanadate

Hepatocytes were preincubated with inhibitors at the indicated concentrations for 15
min and further incubated with or without 100 z M vanadate for 30 min. The particulate
fraction separated was assayed for PDE 3 activity. Significant differences compared
with each vanadate-treated group without inhibitors, * p <0.05, **p <0.01.

AT e T A NERARNTLZA A VRY ViE AR Y UREMAE, IRS-1, PI3 kinase ,
BAHIIC Akt 24 LT PDE3 245 Z & (Fig. 36). —F. AN FF— bid, ZEER
tyrosine kinase X° 8 &4 %4 LT PKA ##EH L L (Fig.3-7) . &#&#ic MAPK #* PDE3
EEHALTEII R r— F3fBEEN. (Fig. 38). £/ 7F— hOERIZ, 1 VRV VD
PDE3 FEHEALICAIIEI T o e, 2R D1, MMM L Akt ®° MAPK %8 PDES ic/k
AERZ L ZOEEPEREICETFLTLEATSIZ L0 bHEREEIN(Fig.39) 37—
MASA VR Y VEREAE S LT IRS-1 @ hyperphosphorylation 2 Z & OWTIX
BRB PN TWZR,100 . M BETIXIRS1 OV VEMLIZEBES RV, ImM O
EERETIRY VEBMLAEES N, KIGICAWSBEICETFT D 2 L B3FEH Shiz (Fig.3-10).
A VAV b ER MAPK %2159 2 23, PDE3 OB AIEHERFZIX control LV E TETF
Lz, ZDEBEZRET S 7D, MAPK © Western immunoblot #ir 21{To7c & 251 v
2 Y VALEEL553 TR bz Y VL MAPK O30 F (44kDa X Y b FhicEmsFE) #
304 CikiHk L7z (Fig. 3-11). T3 Y VEBEBER 3 A R Y T & o CTIEME LS, 3
R Y VEE MAPK 25 Y) VEME L B ZET SRS D ERESN TV ERNWEIER
BHORbEV. AR TORRIBEEADOER LEEY LV RRILBERERDOREICESNT
Fig. 3-12 TR THRARA VR Y e FF— Mz & % PDE3 OIEHEAL S 27— ROEE Z A
Lz, 7
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Fig. 3-6. Time Course of Effects of Insulin on PDE
3, MAPK, and Akt Activities

Hepatocytes were incubated with 10 nM
insulin for up to 60 min. The PDE 3 activity in
the particulate and MAPK and Akt activities in
the cytosol were assayed using cAMP, a p 42/ p
44 MAP kinase enzyme assay system, and Akt
substrate, respectively. Significant differences
compared with the control group at each time,
*p<0.05, **p <0.01.
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Fig. 3-8. Time Course of Effects of Vanadate on
PDE 3, MAPK, and Akt Activities

Hepatocytes were incubated with 100 u M
vanadate for up to 60 min. The PDE 3 activity
in the particulate and MAPK and Akt activities
in the cytosol were assayed. Significant
differences compared with the control group at
each time, * p <0.05, **p <0.01.
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Fig. 3-7. Time Course of Stimulatory Effect of
Vanadate on PKA activit
Hepatoc tytes were_incubated with 100 p M
vanadate for up to 60 min. The PKA activity
1n the cytosol separated was determined using
assay kit. Significant - differences
compared with the control group at each time,
*p<0.05,*p<0.01.
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Fig. Al?;t -9. Stimulation of PDE 3 Activity by MAPK

MA.PK and Akt were partially purified b
affinity chromatography on eac
antibody-Sepharose 4 Bcolumn. PDE 3, which
had been partially purified by DEAE- Sephacel
column chromatography, was preincubated
with MAPK or Akt at the indicated
concentrations for 5 min and assayed the
activity.
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Fig. 3-10. Phosphorylation of IRS- 1 in Hepatocytes by Vanadate or Insulin
Hepatocytes were incubated with 100 or 1000 z M vanadate or 10 nM insulin for 10
min. The cells lysed in 1 % Triton X- 100 were centrifuged to remove insoluble materials
and subjected to SDS-PAGE followed by Western immunoblot analysis. using
anti-phosphotyrosine IgG. Band intensities were estimated with Lane Analyzer 2, and
densitometry data were plotted as the percentage of the control.

44kDa —> NS NS S D DS ey g

42kDa —» .

44kDa —> WD v s TR W 6 e
42kDa —»

a b c d e f g

l | | R

Control Vanadate Insulin

Fig. 3-11. Identification of Phosphorylated MAPKs

Hepatocytes were preincubated with 50 ¢ M PD 98059 (A) or KRBGA alone (B) for 15
min and further incubated with 100 x M vanadate, 10 nM insulin, or neither one for 0 -
30 min. The cytosole separated was subjected to SDS-PAGE followed by Western
immunoblot analysis using anti-MAPK IgG. (A) Without PD 98059, (B) With PD 98059 ;
The control group was incubated for 0 (a), 15 (b), and 30 min (c). The 100 z M
vanadate-treated group was incubated for 15 (d) and 30 min (e). The 10 nM
insulin-treated group was incubated for 15 (f) and 30 min (g). Approximate molecular
masses are indicated on the left.
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Fig. 3-12. Proposal Mechanisms of Activation of PDE 3 by Vanadate or Insulin

@) 3FF— b OmAREEL R

NFF— bk, ~NY VEEUER & UTIE#E 5 LPL O 2R Lz, 2

AR VIRERRARMREEEEATHEITHIZ LR —BICEL<AbhTNnS, P2z
TAFF— MeoWCIREEMIEEA OB W TR Lz, EEe ML St
Yy, €77V, CaClZiish Lz & & DEERFE % &% L35 Clotting time / control
ERAFF— Mok o CERERENIC 2.5 - 5MEE L (Fig. 41). 2 OERZ, ~%
)y LAEMETH o7 (Tabled-1), & BIZAFF— hid, ~ %Y v L B2 D MKEERTF
Xa % thrombin OEBREEZEE L O TERBBIITE CRRD Z LSRR I iz, &
DFFRTAFF— M, T FA/MEP DO CAMP % cGMP O#E % —@ikic LR SH, U
VERLEER D A r— ROEHAL S LT OBE LI L, MKEERR 2 ER T 25
RHLTW3, NFF— MIEROBEC L > CHRBEERERTEE2 b3,
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Clotting time / control

0 0.5 1 1.5 2
Vanadate (mM)

Fig. 4-1. Dose-Response Curve for Anticoagulant Action of Vanadate

Normal human plasma was preincubated at the indicated concentrations of vanadate
in 50 mM Tris-HCl buffer, pH 7 . 9, containing 50 mM NaCl at 37 °C for 15 min and further
incuated with kaolin for 3 min. The determination of clotting time was started by the
addition of CaCl: -cephalin to the kaolin-treated mixture.

Table 4-1. Anticoagulant Action of Vanadate in the Presence or Absence of Heparin

Clotting time / control

With heparin Without heparin
Control 2.9+0.1 1.0
Vanadate (1 mM) 5.7%+0.2 2.6%+0.1
Vanadate (2 mM) -8.4+0.3 5.7+0.2

The plasma was preincubated with vanadate at 37 °C for 15 min in the presence or absence of heparin
(2.5 mU / ml), before the determination of clotting time.

®byiIc

NFF— M L MR Y B LEESR OTEME LI BT 2R 2B L T, LPLR V7 F Ui
ERWE 8y B OIS ORAICE A RERERET I LXEY L LTOSH
DRBEOTHNEE TR LT,
T, bBETHNF VT ADOE bADIEABRRBKERANTRADR TS, EEER
DY —E R Y T CERAENDRARKOEEARBHFHELT VERLETHREINIRXINEER
DENNZESHWTHORLELBRBL O TWS, ILFRREREFEFORY v 7I12L b
BHIDWEAK, FHFAK, WK, A#EK, £K2EDNF T AFELBROBEC IELMK
B IR R OB TAFT VY AFENEL . BITF OMBEOHF KL ELEHED
IR TN A —F — TR OSEU EBBE TH o1z, V2 bidnh b B ILRE
KTHY, TTRRRANAF « v A—F—L LTHREh, BTRFEEECERASh-2H 3,

INECTRHICOI Y NF VY LADOHEZMRE T E DX FFZOWE~D NNy 7T v 7,
HREORAE v 7 ZIECDORFERERS A FEHER, ETERBIEZIT > THRIZVIZKE,
B A —H—, MBEEDOZ OFXDTHSIOBH ThHo7eZ L EHOTRH LEL BIL
B L EF 0,
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