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given in drinking water to rats has no
effect on glycolytic and citric acid
intermediates (Shearer and Kinersly,
1973). However, Rasekh et al., (1991)
reported that acute interaperitoneal
administration of selenium (1.6mg/kg
or more) caused hyperglycemia in fed
and 24 hour fasted rats (30, 60 and 90
minute) following selenium injection.
Wright (1941) reported an increase in
blood glucose of well-fed rats in
response to sodium selenite in doses
greater than 5.0 mg/kg., but his work
did not focus on the short-term effects
of this element. Likewise, Pellegrino
and Galzzone (1928) observed an
increase in the blood sugar levels of
fasted rabbits after intramuscular
injection of selenate. However, chronic
administration of selenium like

INTRODUCTION
Results of studies carried out on the
effects of selenium supplementation on
serum glucose levels of normal
animals are conflicting. Fillippi (1913)
reported a marked glucosurea in
rabbits chronically poisoned with
selenate and slight glucsourea when
given selenite. Later on Bunk and
Combs (1980) observed a measurable
increase in the plasma glucose
concentration in chicks after oral
administration of 0.205 mg/kg sodium
selenite. Whereas, no difference in
serum glucose concentration due to
selenium supplementation in food and
in drinking water was reported
(Sugden et al., 1978; Becker et al.,
1996). On the other hand selenium
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vanadium, (Brichard et al., 1988) had
no effect on the serum glucose level of
normal rats (Becker et al., 1996;
McNeill et al., 1991; Berg et al., 1995;
and Battell et al., 1998). The study of
Nonavinakere et al., (1986) suggested
that the threshold dose for selenium
induced hyperglycemia 1 hour postinjection (I.P.) is 1.6 mg/kg. Other
studies
indicated
that
this
hyperglycemic response to selenium
has abated following adrenalectomy
(Mallory et al., 1988 and Rasekh et al.,
1991).

from the tail for glucose analysis using
an Accutrend analyzer (Boehringer
Mannheim), in day 2, 4 and 7 after
STZ injection. Rats with blood glucose
levels > 300 mg /dl were considered to
be diabetic.
Sodium selenite (0.175 and 0.350
mg/kg)
and
sodium
selenate
(2.8mg/kg)
were
prepared
by
dissolving it in sterilized distilled
water. Each rat was injected I.P. with
0.1ml selenium solution. Healthy and
diabetic untreated rats were injected
with 0.1ml saline.

It was reported that selenium has a
marked influence on diabetic rats.
Acute intrapretoneal injection of
sodium selenite at a dose of 173µg/kg
body weight drastically reduced the
very high levels of serum glucose in
acute slightly diabetic rats within 5 to
30 minutes after treatment, which was
accompanied by un-significant slight
increase of serum insulin (Lizuka et
al., 1992).

Blood glucose was measured by
glucose oxidase method at just before
injection of selenium and saline at 0
times and at 30, 60, 90, and 120
minutes after injection .
Statistical analysis was carried out by
one way analysis of variance followed
by Bartlett´s test, where (P<0.05) was
taken as significant.
RESULTS

The objective of the study was to
investigate
the
effects
of
intraperitoneal injection of selenium in
diabetes mellitus and to detect if
selenium is a typical insulin mimetic.

Results given in Table (1) indicated
that the levels of the blood glucose of
rats after STZ injection were higher
(477 mg/dl) than that of the healthy
ones (102 mg/dl). Immediately after
the
first
dose
of
selenium
administration (acute I.P. selenium
injection) the two groups' responded
differently i.e. the blood glucose of
healthy rats increased, whereas that of
the diabetic ones decreased in response
to selenium administration. It's clear
that sodium selenate (2.8 mg/kg)
increased the level of the blood
glucose of the healthy rats relative to
that of the healthy selenite treated rats
(0.350, 0.175 mg/kg). Likewise,
selenate reduced significantly (P <
0.05) the level of the blood glucose of
diabetic rats (320mg/dl) compared to
that of selenite treated ones (452 and
445 mg/dl, respectively).

MATERIALS and METHODS
The study was carried out on 56 adult
male albino rats weighing (180-210 g).
The rats were housed in ordinary cages
for 7 days prior to use. Three rats were
housed per cage, and maintained at a
constant temperature 25º C, with fixed
cycle of 12 h light: 12h darkness (light
on from 07.00 to 19.00).
Diabetes mellitus was induced in rats
by a single interaperetonial injection
of freshly prepared, streptozotocin
(STZ) at a dose of 75 mg /kg body
weight which was dissolved in 0.1 M
citrate buffer pH 4.5. The animals were
allowed a 7 day interval to recover
before starting experiments. During
this time blood samples were obtained
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The action of selenium on blood
glucose was significantly affected by
time.
The healthy and diabeticuntreated rats injected I.P. with saline
showed slight increase in blood
glucose level 30 minute after injection
and then decreased gradually. However
acute I.P. injection of diabetic rats with
sodium
selenate
(2.8mg/kg)
significantly decreased the blood
glucose level at 30, 60, 90, and 120
minute. Likewise, acute selenite

injection into diabetic rats decreased
slightly the blood glucose level at alltime point (30, 60, 90, 120 minute)
after injection. The decrease in blood
glucose was clear with the higher
selenite dose (0.350mg/kg) relative to
the lower dose (0.175mg/kg), (Table
1). It is evident that selenite and
selenate treated diabetic rats showed
the lowest glucose level at 30 minutes
after treatment.

Table 1: Effect of first dose selenate and selenite injection in diabetic and healthy
rats on blood glucose level
Treatment

Time after injection (Min.)

Before
selenium
injection

Glucose level (mg/dl)

0

30

60

90

120

Healthy) (saline0.85%)

102.6±6.49

115.4±6.49

108.2±6.49

106.5±6.49

105.0±6.49

Healthy (2.8mg/kg) selenate

118.7±3.77

138.3±3.77

157.3±3.77

154.7±3.77

145.0±3.77

Healthy (0.350mg/kg selenite

114.3± 5.3

121.7±5.3

134. 7±5.3

128.3±5.3

123.3±5.3

Healthy 0.175mg/kg) selenite

97.3±3.9

115.3±3.9

118. 3±3.9

130.3±3.9

115. 7±3.9

Diabetic untreated (saline)

4 77.0±32

489±32

482.0±32

424.0±32

479.0±32

Diabetic (2.8mg/kg) selenate

440.2±21.

282.6±21.1*

301.2±21.1*

288.0±21.1*

292.2±21.1*

Diabetic(0.350mg/kg)selenite

511.0±41.2

427±41.2

446.0±41.2

441.0±41.2

439.0±41.2

Diabetic (0.17mg/kg) selenite

481.0±49.21

410±49.21

425.0±49.21

436.0±49.21

447.0±49.21

Values are Means ±SEM *P<0.05
like effect of selenium may be through
its effect on enzymes involved in
hepatic glucose metabolism. The
reduced glucose levels caused by
selenium treatment observed in this
study were in agreement with the
previous observation of lizuka et al.,
(1992) who stated that, acute I.P.
administration of selenite caused
hypoglycemia to slightly diabetic rats 5
and 30 minutes following injection.
The authors suggested that the
hypoglycemic effect of selenium was
to some extent similar to that of insulin
(5, 30 minute). They also observed that
the glucose level slightly decreased

DISCUSSION
Results of this study proved that acute
(I.P.) administration of selenium to
severely
diabetic
rats
reduced
significantly the elevated blood
glucose level at each time interval (30,
60, 90,120 minutes) with the lowest
value observed at 30 minutes. The
reduction occurs in a dose dependent
manner. These results proved that the
prompt reduction of the blood glucose
level of the diabetic rats may suggest
that selenium may have acted in a
manner resembling that of insulin. The
probable explanation for this insulin
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when selenite was administered to
pancreaectomized rats.
At the same time the acute I.P.
Injection of selenium to healthy rats
increased the level of glucose at
different time intervals after injection
(30, 60, 90, and 120 minute) in a dose
dependent manner and did not drop
back to the starting level up to 120
minutes after injection. (Though this
effect of selenium is not like that of
insulin). These results were not in line
with the previous results reported by
Bunk and Combs, (1980) and Rasekh
et al., (1991), which stated that plasma
glucose level dropped back to normal
levels 90 minute after selenite
injection. Previous findings reported
by Nonavinakere et al., (1986) and
Rasekh et al., (1991) stated that the
threshold dose for selenite to induce
hyperglycemia
one
hour postintraperitoneal injection was 1.6mg/kg.
The results of the present studies
proved that both selenium salts
(selenate and selenite) elevated the
blood glucose level in a dose
dependent manner, likewise Fillipi,
(1913) observed a marked glucosurea
in rabbit poisoned with selenate and
slight glucosurea when given selenite.
It is evident that these results
suggested a divergent effect of acute
selenium injection to diabetic rats
(insulin-like action) and normal rats
(antagonized
insulin
action),
suggesting that probably more than one
mechanism is involved in acute effect
of selenium injection. Shearer and
kinersely, (1973) stated that acute
selenium administration does not cause
inhibition
of
enzymes
within
glycolysis or the citric acid cycles.
Previous studies reported by Rosenfeld
and Beath, (1946); Jensen, (1975) and
Glover et al., (1979) suggested a
possible pituitary gland involvement in
hyperglycemia response of healthy
subjects
to
acute
selenium
administration. These findings were

confirmed by Schamberger, (1983) and
Thorlacius-Ussing and
Danscher,
(1985) who found an intracellular
accumulation of selenium in secreatory
granules and lysosomes of B cells
following an interaperitoneal injection
of 5mg /kg of sodium selenite. They
suggested that this hyperglycemic
response
represents
phenomenon
originating in the pituitary gland.
Rasekh et al., (1991) suggested that the
hyperglycemia observed during acute
selenite injection to normal rats is not
mediated through a decrease in plasma
insulin levels. They attributed the
hyperglycemic effect of selenium to a
significant
increase
in
plasma
corticosterone levels. They added that
selenium did not cause any change in
plasma
glucose
level
of
adrenectomized rats which suggests
that the adrenal glands play a major
role in hyperglycemia response. The
authors added there might be other
explanation that the hyperglycemia
might be mediated by a neural
mechanism which induces glucagon
secretion by neurogenic stimulation of
the pancreas via the vagus and
splanchnic nerve.
CONCLUSION
The present study provided additional
evidence that acute I.P. administration
to
healthy and
diabetic rats
significantly affect the blood glucose
level. The divergence of acute
selenium
action
on
healthy
(hyperglycemia), and diabetic subject
(hypoglycemia) suggest that selenium
has its own action and probably more
than one mechanism is involved.
REFERENCES
Battell, M.L.., Heather, L.M., Delgatty,
H.LM and McNeill, J.H.
(1998).
Sodium selenate
corrects glucose tolerance and
heart function in STZ diabetic

84

rats. Molecular and Cellular
Biochemistry. 179: 27-34.

Lizuka, Y., Sakurai, E and Hikichi, N.
(1992). Effects of selenium on
the serum glucose and insulin
levels in diabetic rats. Nippon
Yakurigaku
Zasshi-folia
pharmacologiea Japonica. 100:
151-156.

Becker, D.J., Reul, B., Ozcelikay,
A.T., Buchet, J.P., Henquin,
J.C. and Brichard, S.M. (1996).
Oral selenate improves glucose
homeostasis
and
partially
reverses abnormal expression
of
liver
glycolytic
and
gluconeogenic enzymes in
diabetic rats. Diabetolog. 39: 311.

Mallory, Z., Early, J.L., Nonavinakere,
V.K. and Mclean, H.M. (1988).
Adrenalectomy
abates
selenium-induced
hyperglycemia. Toxicologist,
18: 299.

Berg, E.A., Wu, J.L., Campell, L.,
Kagey, M and Stapleton, S.R.
(1995). Insulin like effect of
vanadate and selenate on the
expression
of
glucose-6phosphate dehydrogenase and
fatty acid synthase in diabetic
rats. Biochemistry. 77: 919-924.

McNeill, J.H., Delgatty, H.L.M. and
Battell, M. L. (1991). Insulin
like effect of sodium selenate in
streptozotocin-induced diabetic
rats. Diabetes 40: 1675-1678.
Nonavinakere, V.K. Early, J.L. and
Lunan, S. (1986). Selenium
increases plasma glucose in
male albino rats. American
Society for Pharmacology and
Experimental
Therapeutics,
230.

Brichard, S.M., Okitolonda, W and
Henquin, J.C. (1988). Long
term improvement of glucose
homeostasis
by
vanadate
treatment in diabetic rats.
Endocrinology,
123: 20482053.

Pellegrino, F. and Galzzone, G. (1928)
. Action of selenium, tellurium
and cobalt on carbohydrate
metabolism. Arch Pharmacol
Sper. 45: 75.

Bunk, M.J and Combs, jr., G.F. (1980).
Effect of selenium on appetite
in selenium-deficient chick.
Journal of Nutrition, 110: 743749.

Rasekh,
H.R.,
Potmis,
R.A.,
NonavinaKere, V.K Early, J.K
and Iszard, M.D. (1991). Effect
of selenium on plasma glucose
of rats; the role of insulin and
glucocorticoids. Toxicol Lett
58: 199-207.

Fillippi, E. (1913). Pharmmacological,
studies on selenium and its
compounds. Lo Sperimentale.
67:565.
Glover, G., levander, O., Parizek, J.
and vouk, V. (1979). In: Hand
Book on the Toxicology of
Metals, L. Fiberg, G.F, Norberg
and V.B. Vouk ( Ed.). Elsevier,
Amesterdam, PP.555-577.

Rosenfeld, I and Beath, O.F. A.
(1946). Pathology of selenium
poisoning.
University
of
Wyoming,
Agricultural
Experiment Station, Bulletin.
275: 1-2.

Jensen, L.S. (1975). Modification of
selenium toxicity in chicks by
dietary silver and copper.
Journal of Nutrition, 105: 769775.

Schamberger, T.J. (1983). Metabolism
of selenium. In: Biochemistry
of selenium, Friden E. (ed.),

85

vol, 2. Plenum Press, New
York- London, pp.59-75.
Shearer, T.R., and Kinersly, T. (1973).
Lack of effect of selenium on
glycolytic and citric acid cycle
intermediates in rat kidney and
liver. Proceedings of the
Society
of
Experimental
Biology and Medicine, 144:
691-699.
Sugden, E.A., Hidd, M:Mitchell,D.
(1978). Lack of an effect of
dietary selenium on serum
albumin, glucose and urea
nitrogen in ewes. Canadian
Journal
of
Comparative
Medicine, 42: 376-378.
Thorlacuius-ussing, O., and Danscher,
G. (1985). Selenium in the
anterior pituitary of rats
exposed to sodium selenite:
light and electron microscopic
localization. Toxicology and
Applied Pharmacology, 81:
67-74.
Wright, C.I. (1941). The effect of
sodium selenite on the blood
sugar and liver glycogen of rats
and rabbits. Public Health
Reports, 56: 345-352.

86

