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Selenate
was found to have several
insulin-like
effects in rat adipocytes:
stimulation
of glucose transport
activity
by translocation
of two types of glucose transporters
from intracellular
sites to the plasma
membrane,
stimulation
of CAMP phosphodiesterase
activity, and stimulation
of ribosomal
S6 protein
phosphorylation.
Furthermore,
in intact cells addition
of 1
IIIM
selenate
stimulated
tyrosyl
phosphorylation
of
210-,
1’70-, 120-, 95-, 70-, and 60-kDa
proteins
but
failed
to stimulate
insulin
receptor
kinase
activity,
suggesting
that selenate
stimulated
other tyrosine
kinase. In the presence
of insulin,
selenate
enhances
insulin receptor
kinase activity
and phosphorylations
of
insulin-stimulated
tyrosyl
phosphoproteins.
These results may provide
clues for the elucidation
of the role
of selenium
in animals
and the mechanism
of insulin
action.

The essential role of selenium has been clarified by animal
experiments.
Chicks or rats fed a low selenium diet showed
poor growth and high mortality,
and this state could not be
reversed by adding vitamin E (1, 2). In humans, an endemic
cardiomyopathy
known as Keshan disease appeared in a
certain area of China and is assumed to be caused by selenium
deficiency (3). During intravenous
nutrition,
some patients
showed selenium deficiency and developed skeletal myopathy
(4). On the other hand, in developing serum-free medium for
cell cultures, selenium as selenite was used as one of the
nutrient factors for promoting
cell growth (5-7). As the well
established
biochemical
role of selenium is its function
in
glutathione
peroxidase (8), the selenium effect in cell culture
was considered to be due to protection
of cells from toxic
effects of peroxides (9). It was first observed in this study that
selenate is a potent insulin-like
agent.
EXPERIMENTAL

PROCEDURES

Muterials--32Pi
was purchased
from Amersham
(Buckinghamshire,
United
Kingdom),
and sodium
selenate
and sodium
selenite
from
Wako (Tokyo,
Japan).
The sources of the other materials
have been
described
previously
(10, 11).
Polvclonal
anti-human
ervthrocvtes
glucose
transporter
(GTl)’
antibddies
whose characteristics
hake be& described
previously
(11,
12) were kindlv
provided
bv Dr. M. Kasahara
(Teikvo
University,
Japan).
Polycl&&
antibodies
to the C-terminal
region ITyr-Leu-Gl;Pro-Asp-Glu-Asn-Asp)
of glucose transporter
(GT2)
in insulin-sensitive tissue (13) were raised by injection
to rabbits
as a conjugate

Toyama,

Shinjuku-ku,

Tokyo

162, Japan

form with keyhole
limpet
hemocyanin
using glutaraldehyde.
Polyclonal
antibodies
to phosphotyrosine
were raised
as described
by
Pang et al. (14) and were purified
by affinity
chromatography
coupled
with phosphotyrosine
and by protein
A affinity
chromatography.
Preparation
of Isolated
Rat Adipocytes
and Subcellular
FractionsAdipocytes
were isolated from epididymal
adipose tissues of SpragueDawley
rats (150-200
g each) by the method
reported
heretofore
(15,
16). Following
isolation,
the cells were washed
four times
with a
solution
containing
119 mM NaCl, 4.7 mM KCl, 2.6 mM Ca&
1.2
mM KH,POI,
1.2 mM MgSOa, 32.3 mM HEPES,
pH 7.4, 20 mg/ml
bovine
serum albumin,
and 2 mM D-ghCOSe (buffer
A), suspended
in
10 ml of buffer
A, and incubated
for 30 min at 37 “C. Subcellular
fractionation
of rat adipocytes
was made using the method
described
by Kono et al. (16). Each aliquot
of cells was first incubated
with
buffer alone or with 1 nM insulin
or with 1 mM sodium selenate
in 10
ml of buffer
A for 10 min at 37 “C in a polycarbonate
Erlenmeyer
flask. Homogenization
was performed
in a buffer
containing
0.25 M
sucrose,
1 mM EDTA,
and 10 mM Tris-HCl,
pH 7.5 (buffer
B). Each
aliquot
of cells was washed twice with 10 ml of buffer B, suspended
in 9 ml of buffer B at 13 “C, and homogenized.
The homogenate
thus
obtained
was centrifuged
at 2,200 x g for 2 min. The aqueous solution
under the fat layer was withdrawn
and centrifuged
at 100,000 X g for
60 min. The pellet was designated
as crude membrane
fraction.
This
was suspended
in buffer
B and applied to the top of a 12-ml linear
sucrose aadient
(15-32.5%
(w/w))
buffer C (1 mM EDTA
, ,, containing
and 10 mM Tris-HCl,
pH 7.5). After noneqiilibrium
centrifugation
for 40 min at 150,000 X g, the fractions
containing
24-31%
sucrose
were recovered
as plasma
membrane
fraction
and those containing
14-19%
sucrose as low density
microsome
fraction.
Vesicles
in each
fraction
were washed
with buffer
C at 175,000
x g for 90 min,
suspended
in 100 ~1 of buffer C, and stored at -70°C.
In experiments
where inhibition
of kinase and phosphatase
activity
was intended
(Figs. 4-6) buffer supplemented
with 5 mM EDTA,
25
mM sodium
fluoride,
20 mM sodium
pyrophosphate,
2 mM sodium
vanadate,
2.5 mM phenylmethylsulfonyl
fluoride,
and 400 trypsin
inhibitor
units/ml
was used.
Electrophoresis-The
pellet
of the fractions
was solubilized
by
boiling for 3 min in a solution
containing
2.5% sodium dodecyl sulfate,
75 mM dithiothreitol,
12.5% glycerol,
0.025% bromphenol
blue, and
12.5 mM sodium phosphate,
pH 7.0. Sodium dodecyl sulfate-polyacrylamide gel electrophoresis
was performed
according
to Laemmli
(17)
with 4% stacking
gel and 7% resolving
gel for detection
of phosphorylated
proteins
or with 9.5% resolving
gel for glucose transporter.
Immunoblotting
of electrophoresis
gels was performed
as described
previously
(10, 11). To quantify
the glucose transporters
and phosphorylated
proteins,
pieces of sheet containing
aimed proteins
were
cut out, and radioactivity was counted in a y-counter. The background

was estimated by counting a region with no labeled band and then

* This work was supported
by a lump sum budget for the Environmental Institute
of the Environment
Agency.
The costs of publication
of this article were defrayed
in part by the payment
of page charges.
This article
must therefore
be hereby
marked
“aduertisement”
in
accordance
with 18 USC.
Section
1734 solely to indicate
this fact.
1 The abbreviations
used are: GTl, erythrocyte
glucose transporter;
GT2, glucose transporter
mainly expressed
in insulin-sensitive
tissue;
HEPES,
4-(2-hydroxyethyl)-1-piperazineethanesulfonic
acid; SDS,
sodium dodecyl sulfate.

subtracted.
Radioactivity
determined
in this manner
was proportional
to the amount
of the transporter
or the phosphorylated
proteins
applied over the range used in this study.
Measurement
of Ribosomal
S6 Protein
Phosphorylution-Aliquots
of adipocytes
were incubated
with 32Pi at 100 &i/ml
for 120 min at
37 “C in phosphate-free
buffer
A. Then,
cells (5 X lo6 cells) were
incubated
with the agents. The cells were washed once with 20 ml of
buffer
B containing
kinase
and phosphatase
inhibitors
(see above)
and homogenized
with a glass homogenizer.
The homogenate
was
centrifuged
at 3,000 x g for 2 min. The aqueous solution
below the
fat laver was withdrawn
and centrifuged
at 17,000 x g for 30 min.
The sipernatant
was then centrifuged-&
100,000 x g for 60 min, and
one-third
of the resultant
pellet was solubilized
by boiling for 3 min
in Laemmli’s
sample buffer
(17). Sodium
dodecyl
sulfate-polyacrylamide gel electrophoresis
was performed
with a 5-20%
gradient
gel.
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phosphorylated
bands were visualized
by autoradiography.
Measurement
of Kinase
Activity
of Insulin
Receptors
Activated
in
Intact
Cells-The
method
of measuring
the kinase activity
of insulin
receptors
activated
in intact cells as described
by Klein et al. (18, 19)
was used with modifications
(11). Briefly,
the solubilized
crude membrane fractions
in the presence
of kinase and phosphatase
inhibitors
(see above)
were applied
to wheat
germ-agarose.
Phosphorylation
assays using wheat germ-agarose
eluate having similar insulin binding
activities
were initiated
by incubation
with 8 mM MnClZ,
12 mM
MgCl*,
1 mg/ml
histone
2B, and 50 1M [32P]ATP
(10 &i).
After 5
min at 20 “C, reactions
were terminated
by adding 10 mM ATP (final
concentration)
and heating to 100 “C for 5 min in Laemmli’s
sampling
buffer.
Phosphorylated
proteins
were analyzed
by 12% sodium dodecyl sulfate-polyacrylamide
gel electrophoresis
followed
by autoradiography.
Areas on the gels containing
phosphorylated
proteins
were
cut, and radioactivity
was determined
in a @counter.
Measurement
of Phosphotyrosine
Phosphatase
Activity
in Cell-free
System-The isolated adipo&tes
(2.5 x i0” cells) were -incubated
in
buffer A with 10 nM insulin for 10 min at 37 “C. Then, the cells were
quickly
washed
twice with 10 mM buffer
D (150 mM’ NaCl, 25 mM
HEPES,
pH 7.4), solubilized
by 1% Triton
X-100,
and then divided
into several aliquots.
One aliquot was immediately
treated with Laem-

mli’s sampling buffer and boiled as control of phosphorylated

O %+
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sample.

Another
aliquot was incubated
with buffer D alone or with each agent
as indicated
at 37 “C. The reaction
was terminated
by adding Laemmli’s sampling
buffer
and boiling.
Tyrosyl
phosphorylation
of these

lvsates was analvzed bv 7% uolvacrvlamide-SDS
and
by

immunoblo&ing

autoradiography.

u-sing

anti-phosphotyrosine

gel electrophoresis

antibody

followed

Other Assays-The
glucose
transport
activity
of adipocytes
was
assessed
by measuring
the transport
of 1 mM 3-O-[“Clmethyl-Dglucose for 3 s using an oil flotation
method
(11, 20). Adipocyte
cell
number
was measured
using a cell-counting
plate (Fuchs
Rosenthal,
Nitirin,
Tokyo,
0.2 mm in depth).
Protein
was assayed by Bradford’s

method (21), sucrose concentration

by refractometry,

phosphodies-

terase activity
as described
by Kono et al. (22), 5’-nucleotidase
by the
method
of Avruch
and Wallach
(23), and UDP-galactose
N-acetylglucosamine
galactosyltransferase
by the method
of Fleisher
(24).
RESULTS

As shown in Fig. lA, selenate (SeOi-) stimulated
glucose
transport activity in a dose-dependent
manner. The stimulative effect was observed at a concentration
of 1 PM, and its
half-maximal
and maximal transport
activity was with 100
pM and 1 mM,
respectively.
Its maximal transport
activity
was almost equipotent to that with 1 nM insulin. Addition of
1 mM selenite (SeO?) also stimulated glucose transport activity, and its effect was about 50% of the maximal insulinstimulated
transport
activity (data not shown). Stimulation
of transport
activity by 1 mM selenate was observed 2 min
after addition of selenate, and the activity reached a steady
state within 10 min (Fig. 1B). Since the insulin-stimulated
glucose transport
activity is largely due to the translocation
mechanism
of glucose transporters
(25, 26) the effects of
selenate on the subcellular
distribution
of transporters
were
studied by immunoblotting
using antibody to human erythrocyte glucose transporter
(ll), termed GTl, or to C-terminal
region of another transporter,
termed GTZ, expressed in adipoeytes (13). The addition of 1 mM selenate as well as 1 nM
insulin translocated
71 f 4 and 69 f 3% (mean + S.E., n =
3), respectively,
of GTl and 34 + 2 and 32 k 3% of GT2
which had been located in the intracellular
site to the plasma
membrane
(Fig. 2). These data suggest that each of the
insulin-sensitive
transporters
is translocated
by selenate. As
the relative enrichment
of marker enzymes, 5’-nucleotidase
activity for the plasma membrane, and galactosyltransferase
activity for Golgi apparatus from 1 mM selenate-treated
cells
were not associated with significant
changes, the change of
distribution
patterns by selenate may not be due to different
sedimentation
characteristics
of the vesicles (data not shown).
Examination
was next made whether selenate also stimulates another effector pathway of insulin signaling. For this

”
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FIG. 1. Selenate-stimulated
glucose
transport
activity.
In
panel A, isolated
rat adipocytes
in buffer
A were exposed
to the
indicated
concentrations
of selenate for 30 min at 37 “C (0). In panel
B, cells were incubated
with 1 mM selenate for the indicated
periods
at 37 ‘C (0). At the end of the incubations,
3-O-[“Clmethyl-D-glucose
uptake
was measured.
As control,
cells were incubated
with 1 nM
insulin
for 10 min (0). The data show mean values -t S.E. (n = 3).

purpose, insulin-stimulated
CAMP phosphodiesterase
activity
was examined.
Selenate also stimulated
phosphodiesterase
activity, but its dose dependence curve was biphasic. Its effect
was maximum with 1 mM but declined with 10 mM (Fig. 3).
The dose dependence of insulin-stimulated
activity was also
biphasic
(22), suggesting
a similar activation
mechanism
might be involved in both agents.
Insulin is also known to stimulate phosphorylation
of ribosomal S6 protein in rat adipocytes, and its role is considered
to be associated with initiation
of protein synthesis (27). In
our previous study, insulin stimulated phosphorylation
of 35kDa protein in the crude microsome fraction, and this protein
was identified
as ribosomal S6 protein by reactivity to antiS6 antibody
(28). As shown in Fig. 4, addition
of selenate
stimulated S6 phosphorylation
as effectively as 1 nM insulin,
suggesting its role in protein synthesis stimulation.
Also,
addition of either insulin or selenate stimulated phosphorylations of 200-, 117-, 93-, and 66-kDa proteins.
As reported in previous studies (11, 29), when adipocytes
were incubated with insulin, tyrosyl phosphorylation
of the
95-kDa subunit of insulin receptor was increased, and two
endogenous proteins of 170 and 60 kDa were also phosphorylated at tyrosine residue(s) using an immunoblot
technique
with an anti-phosphotyrosine
antibody. As shown in Fig. 5,
in cell lysate addition
of 1 mM selenate stimulated
tyrosyl
phosphorylation
of 210-, 170-, 120-, 95-, and 60-kDa proteins.
The insulin-induced
phosphorylation
of 170-, 95-, and 60-kDa
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FIG. 3. Selenate-stimulated
CAMP phosphodiesterase
activity.
Aliquots
of cells in buffer
A were exposed
to the indicated
concentrations
of selenate
(0). As control,
cells were incubated
with
1 nM insulin
(0) for 10 min. At the end of incubation,
they were
homogenized.
Phosphodiesterase
activity
was measured
as described
previously
(22). The data show mean values t S.E. (n = 3).
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FIG. 2. A representative
autoradiogram
of two types of glucose transporter
(GTl
and GT2) distributions
in plasma
membrane
(PM)
and
low density
microsome
(L&Z)
from
cells
treated
with
buffer
alone,
insulin,
or selenate.
Aliquots
of
pooled adipocytes
in buffer A were incubated
with buffer alone, 1 nM
insulin
for 10 min. or 1 mM sodium
selenate
for 10 min at 37 “C.
Then,
they were homogenized
and fractionated
as described
under
“Experimental
Procedures.”
The glucose transporters
in each fraction
were detected
by immunoblotting
using antibody
to GTl
(panel A)
or to the C-terminal
peptide of GT2 (panel B). The cell number
used
in each line of plasma membrane
or low density
microsome
fraction
was 1.0 X 10” cells.

S6-1
;,

proteins was further enhanced by mixed incubation
of selenate and insulin. As most of the insulin receptor and 30% of
60-kDa protein were located in membrane
fractions
(ll),
tyrosyl phosphorylation
of crude membrane fractions was also
examined. Addition
of 1 mM selenate also stimulated
membrane-bound
tyrosyl phosphorylation
of 210-, 170-, 120-, 95-,
70-, and BO-kDa proteins. The increased phosphorylation
of
170-, 95-, 70-, and 60-kDa proteins was also further enhanced
by mixed incubation
of selenate and insulin. Insulin binding
to cells was unaffected significantly
by adding selenate (data
not shown).
As the foregoing data suggest that 1 mM selenate stimulates
insulin receptor kinase or other phosphotyrosine
kinase or
inhibits phosphotyrosine
phosphatase, the kinase activity of
insulin receptor was next examined. When the insulin recep-

K

-

21 K

FIG. 4. Selenate-stimulated
ribosomal
S6 protein
phosphorylation.
Aliquots
of cells were incubated
with ‘*P8 at 100 &i/
ml for 120 min at 37 “C in phosphate-free
buffer A. Then, cells (5 X
lo6 cells) were incubated
with buffer alone or with 1 nM insulin
for
10 min or with 1 mM selenate for 10 min. The cells were homogenized
and fractionated
as described
under “Experimental
Procedures.”
The
phosphorylated
bands were visualized
by autoradiography.

tors are isolated in the presence of phosphatase and kinase
inhibitors,
the activation state of the kinase, resulting from
exposure of the intact cells to insulin, can be preserved (18,
19). By this procedure, the kinase activity of the receptor was
measured in a cell-free system in an insulin-free
buffer using
histone
2B as substrate.
To determine
receptor
kinase
activ-

Insulin-like
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FIG. 5. Effects
of selenate
in intact
cells
on tyrosyl
phosphorylation
in whole
cell lysate
and membrane
fraction.
Aliquots of cells were incubated
with buffer alone or with 1 mM selenate
for 30 min, mixed with or without
1 nM insulin,
and incubated
for an
additional
10 min at 37 “C. In experiments
of cell lysate, the cells
were quickly
washed with buffer B containing
phosphatase
and kinase
inhibitors,
solubilized
by Laemmli’s
sampling
buffer,
and boiled. In
experiments
of membrane
fraction,
the cells were homogenized
in
buffer
B containing
phosphatase
and kinase
inhibitors,
and crude
membrane
fraction
was obtained
as described
under “Experimental
Procedures.”
Tyrosyl
phosphoprotein
of these lysate and crude membrane proteins
were analyzed
by 7% polyacrylamide-SDS
gel electrophoresis
and immunoblotting
using anti-phosphotyrosine
antibody
followed
by autoradiography.
A typical
autoradiogram
of several
experiments
is shown. The cell number used in each line of Cell lysate
and Membrane
was 2.5 x lo” and 1.0 X lo6 cells, respectively.
ity, the receptor preparations
were adjusted to contain similar
binding activities. Fig. 6 shows a representative
autoradiogram where adipocytes were incubated with 1 mM selenate
in the absence and presence of 1 nM insulin. However, in this
experiment,
as the insulin-induced
autophosphorylation
of
the 95-kDa subunit of insulin receptor was not apparent
though insulin-induced
phosphorylation
of histone 2B was
markedly observed, only the kinase activity to histone 2B was
examined. Addition
of 1 mM selenate did not significantly
stimulate insulin receptor kinase, but enhanced insulin stimulated its receptor kinase about P-fold.
Examination
was next made to determine whether selenate
inhibits phosphotyrosine
phosphatase
activity in a cell-free
system. As shown in Fig. 7, when the cell lysate-obtained
insulin-treated
cells were incubated with buffer D (see “Experimental
Procedures”)
at 37 “C for 10 min, the phosphotyrosy1 proteins were dephosphorylated
(see second line of Fig.
7). Addition of 1 mM selenate failed to prevent dephosphorylation of the phosphotyrosyl
proteins. Addition of 1 mM vanadate or lib group metal ions (1 mM Zn’+, 1 mM Cd”, 0.1
mM
Hg’+) but not 1 mM Mn”,
1 mM Mg2+ could prevent
dephosphorylation
of these proteins. These data suggested
that in this cell-free system, 1 mM selenate does not stimulate
tyrosine kinase activity and does not act as an inhibitor
of
phosphotyrosine
phosphatase.
DISCUSSION

In this study, selenate was found to have several physiological insulin-like
effects in rat adipocytes: stimulation
of glucose transport activity, CAMP phosphodiesterase
activity, and
ribosomal
S6 protein phosphorylation.
Selenate similar to

FIG. 6. Effects
of selenate
in intact
cells with
or without
insulin
on insulin
receptor
kinase
activity.
Aliquots
of cells in
buffer A were incubated
with buffer alone or with 1 mM selenate for
30 min, mixed
with or without
1 nM insulin,
and incubated
for
additional
10 min. Incubations
were terminated
by homogenization
in buffer
B containing
phosphatase
and kinase inhibitors,
and the
crude membrane
fraction
obtained
by centrifugation
was solubilized
by 1% Triton
X-100. Insulin
receptors
were partially
purified,
and an
equal number
of receptors
was used for receptor
kinase activity
to
histone
2B as described
under “Experimental
Procedures.”
A typical
autoradiogram
from several experiments
is shown.

insulin translocated two different types of glucose transporter
from the intracellular
site to the plasma membrane. About
70% of GTl and about 30% of GT2, which had been located
in the intracellular
site, were translocated
to the plasma
membrane by either insulin or selenate, suggesting that a
large portion of intracellular
GTl and a small portion of GT2
are located in the translocatable
glucose transporter-containing vesicles.
Addition
of 1 mM selenate stimulated
the tyrosyl phosphorylation
of several proteins including
170-, 95-, and 60kDa proteins, which were also phosphorylated
by insulin.
However, selenium failed to stimulate insulin receptor kinase
and to inhibit phosphotyrosine
phosphatase, suggesting that
selenium may stimulate other tyrosine kinase. Thus, selenate
stimulated tyrosyl phosphorylation
of the 95-kDa subunit of
insulin receptor but failed to stimulate its kinase activity,
suggesting that selenate stimulates phosphorylation
at the
site(s) of insulin receptor, which does not induce stimulation
of receptor kinase activity. In this regard, the discrepancy
between autophosphorylation
of the 95-kDa subunit of insulin
receptor and its kinase activity has been reported (30). HOWever, as the study for inhibition
of phosphotyrosine
phosphatase was made in the cell-free system, it is conceivable that
selenate inhibited
phosphotyrosine
phosphatase
in intact
cells. The insulin-like
effects of vanadate (31, 32) and IIb
group metal ions (ll), which act as inhibitors
of phosphoty-
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FIG. 7. Effects
of agents
in cell lysate
on inhibition
photyrosine
phosphatase
activity.
The cell lysates
solubilized 1% Triton X-100 from insulin-treated cells

of phos-

obtained by
were divided
into 9 aliquots. One aliquot was immediately treated with Laemmli’s
sampling buffer and boiled as control of phosphorylated
sample (first
left line). Another aliquot was incubated with buffer D alone or 1 mM
selenate,
1 mM vanadate,
1 mM &SO,,
1 mM CdCb
0.1 mM HgC&,
1 mM MnCI?, or 1 mM MgCl, for 10 min at 37 “C. The reaction
was
terminated
by the addition
of Laemmli’s
sampling
buffer and boiling.

Tyrosyl phosphorylation of these lysates was analyzed by 7% polyacrylamide-SDS gel electrophoresis and immunoblotting using antiphosphotyrosine
antibody
followed
autoradiogram
of several experiments
in each line was 2 x lo” cells.

by autoradiography.
A typical
is shown. The cell number used

rosine phosphatase in the cell-free system, were not correlated
with insulin receptor kinase activity. Selenate similar to these
metal ions may act as an insulin-like
agent by a post-insulin
receptor kinase mechanism. It is unclear, at present, whether
these tyrosyl-phosphorylatedproteins
are mediators of several
insulin- or selenate-induced
insulin-like
effects. The enhancement of insulin-stimulated
tyrosyl phosphorylation
of 170-,
95, and 60-kDa proteins by the addition of selenate may be
due to the enhancement
of insulin-stimulated
receptor kinase.
Selenate and selenite are also known as catalysts of the
oxidation of SH groups, and oxidation of 4 mol of SH/mol of
selenite is required (33). It is conceivable that the oxidation
of SH groups of the receptor causes aggregation of the receptor
or conformational
changes of the receptor, and this leads to
mediate insulin-like
effects. Recently, Debant et al. (34) have
reported that receptor cross-linking
restores the insulin metabolic effect altered by mutation of the kinase domain of the
receptor, suggesting the importance
of receptor aggregation
in signal transduction.
These insulin-like
effects of selenate may well explain its
growth-promoting
effects observed in various organisms. Souness et al. (35) reported that adipocytes from a seleniumdeficient rat showed a decrease of maximal insulin-stimulated
glucose oxidation activity. Adipocytes from insulin-depleted
rats induced by injection
of streptozotocin
also showed a
similar decrease in insulin-stimulated
glucose transport activity (36). The actual concentration
of selenium in rat blood is
about 1 FM (37), and selenium might express in uiuo a relatively weak insulin-like
effect. It is, however, conceivable that
the biological
effects of selenium are different
among its
compound forms. Further studies are necessary to confirm in
uiuo the insulin-like
effects of selenium.
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