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Abstract

The role of V as a micronutrient, and its hypoglycaemic and toxicological activity, have yet to be completely established. The present study
focuses on changes in the bioavailability and tissue distribution of Se in diabetic streptozotocin rats following treatment with V. The
following four study groups were examined: control; diabetic (DM); diabetic treated with 1 mg V/d (DMV); diabetic treated with 3 mg
V/d (DMVH). V was supplied in the drinking water as bis(maltolato)oxovanadium (IV). The experiment had a duration of 5 weeks.
Se was measured in food, faeces, urine, serum, muscle, kidney, liver and spleen. Glucose and insulin serum were studied, together
with glutathione peroxidase (GSH-Px), glutathione reductase (GR), glutathione transferase (GST) activity and malondialdehyde (MDA)
levels in the liver. In the DM group, we recorded higher levels of food intake, Se absorbed, Se retained, Se content in the kidney, liver
and spleen, GSH-Px and GST activity, in comparison with the control rats. In the DMV group, there was a significant decrease in food
intake, Se absorbed, Se retained and Se content in the liver and spleen, and in GSH-Px and GST activity, while fasting glycaemia and
MDA remained unchanged, in comparison with the DM group. In the DMVH group, there was a significant decrease in food intake,
glycaemia, Se absorbed, Se retained, Se content in the kidney, liver and spleen, and in GSH-Px and GST activity, and increased MDA,
in comparison with the DM and DMV groups. We conclude that under the experimental conditions described, the treatment with 3 mg
V/d caused a tissue depletion of Se that compromised Se nutritional status and antioxidant defences in the tissues.
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Diabetes is a pathology that affects many metabolic processes,
altering the concentration of various trace elements in the
tissues, and of enzymes related to antioxidant defence. This
circumstance, together with the metabolic changes induced
by hyperglycaemia, may contribute to the development of
the disease.

V is a widely distributed element, which is essential for
some living organisms, but its role as a micronutrient, its
essentiality, and its biological and pharmacological activity
are as yet incompletely understood. Due to growing interest
in the pharmacological effects of some V compounds, the

metabolism of V is an important area of current investi-
gation'’”. In the plasma, V is present as 90% bound to
plasma proteins, primarily transferrin. Elsewhere, it is distribu-
ted primarily in the bone, kidney and liver. However, its inter-
actions with other trace elements, regarding absorption and
tissue distribution, are not well understood. Some complexes
of V have been shown to possess hypoglycaemic effects,
stimulating autophosphorylation of the insulin receptors and
increasing the activity of tyrosine kinase, favouring the
translocation of GLUT4?. It has been known that the V
complex, bis(maltolato)oxovanadium (IV) (BMOV), is more

Abbreviations: ABTS, 2,2'-azino-di-(3-ethylbenzthiazoline-6-sulfonic acid); BMOV, bis(maltolato)oxovanadium (IV); GR, glutathione reductase; GSH,
reduced glutathione; GSH-Px, glutathione peroxidase; GST, glutathione transferase; MDA, malondialdehyde; STZ, streptozotocin; TAS, total antioxidant

status.
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effective than inorganic V as a glucose-lowering agent™’.

Although some V complexes are currently undergoing human
clinical trials'”, there are many aspects that remain to be deter-
mined, such as the digestive and metabolic interactions with
other elements involved in antioxidant defence. According to
some authors'' ™, V improves glucose metabolism, and thus
reduces the production of free radicals resulting from
disorders in glucose metabolism; in consequence, it prevents
oxidant damage caused by diabetes. However, others” have
related V to pro-oxidant effects, because it does not normalise
alterations in the metabolism of various trace elements, such
as Fe, Zn and Cu, that are associated with diabetes.

In vitro and in vivo studies have shown that sodium sele-
nate has an insulin-mimetic action similar to that of V, and
that its administration to diabetic streptozotocin (STZ) rats
produces hypoglycaemia® by favouring the translocation of
GLUT4 transporters in diabetic rats'®. Moreover, Se is an
element that is associated with antioxidant defence and
protection against heavy metal toxicity'”, a fact also observed
in relation to diabetic rats®®.

However, to date, no data have been published as to
whether exposure to V might alter the metabolism of Se. For
these reasons, we consider it important to address the present
study of the interactions between V and Se in diabetic rats.

The aim of the present study is to examine whether
V-treated diabetic rats experience alterations in the bioavail-
ability and tissue distribution of Se, and in the activity of
enzymes related to the nutritional status of Se and to antioxi-
dant defence. The results obtained will reveal the existence, or
otherwise, of interactions between these two elements and
clarify the role of V as an anti-diabetic agent.

Materials and methods
Animals and diets

Male Wistar rats weighing 190—220 g (Charles River Labora-
tories, L'Arbresle, France) were randomly divided into four
groups.

(1) Control group (C): nine rats fed the semi-synthetic diet
AIN-93. This diet provided 65 pg Se and 60 pg V/kg food.

(2) Diabetic group (DM): eight rats fed the semi-synthetic
diet AIN-93. Diabetes was induced in rats by the injection
of STZ at a dose of 60 mg/kg.

(3) Diabetic group treated with 1 mg V/d (DMV): ten rats fed
the semi-synthetic diet AIN-93. Diabetes was induced in
rats by the injection of STZ at a dose of 60mg/kg. In
addition, the rats in this group received in their drinking
water 6:22mg BMOV/d, which supplied 1 mg V/d.

(4) Diabetic group treated with 3mg V/d (DMVH): ten rats
fed the semi-synthetic diet AIN-93. Diabetes was induced
in rats by the injection of STZ at a dose of 60 mg/kg. In
addition, the rats in this group received in their drinking
water 18-:66 mg BMOV/d, which supplied 3 mg V/d.

In all cases, the BMOV solution was prepared daily. During
the experimental period, the weight gain and the intake of

food and water were monitored. Every 7d, the glucose level
in the peripheral blood was analysed.

On day 35, rats were anaesthetised with a solution of pen-
tobarbital (0-5g/100ml; Sigma-Aldrich, St Louis, MO, USA),
and exsanguinated by cannulating the posterior aorta. Blood
was collected and centrifuged (Beckman Coulter, Fullerton,
CA, USA) at 3000 rpm for 15 min to separate serum. The gas-
trocnemius muscle, kidney, liver and spleen were also
removed, weighed, placed in preweighed polyethylene vials
and stored at —80°C. During the last 7d of the experimental
period, the faeces and urine were collected every 24h and
stored at —80°C in polyethylene bottles for subsequent
analysis.

All animals were housed from day 0 of the experiment in
individual metabolism cages designed for the separate collec-
tion of faeces and urine. The cages were located in a well-
ventilated, temperature-controlled room (21 = 2°C) with
relative humidity ranging from 40 to 60%, and a light—dark
period of 12h.

The following biological indices were calculated: absorbed
as (I — F), absorption (%) as ((I — F)/D X 100, retained as
(I — (F+ ) and retained (%) R/I as (I — (F+ U))/I X 100,
where 7 is the intake; F is the faecal excretion; U is the urinary
excretion.

All experiments were carried out in accordance with Direc-
tional Guides Related to Animal Housing and Care (European
Council Community, 1986) and all procedures were approved
by the Animal Experimentation Ethics Committee of the Uni-
versity of Granada.

Analytical methods

Determination of V and Se in the diet, serum and tissues was
performed using inductively coupled plasma spectroscopy—
MS (Agilent 7500; Agilent Technologies, Tokyo, Japan). All
materials used in the analysis were previously cleaned with
super-pure HNOjz and ultra-pure water (182) obtained
using a Milli Q system (Millipore, Bedford, MA, USA).

Samples were prepared by digestion with HNO3 and H,O,
(super-pure quality; Merck, Darmstadt, Germany), in a micro-
wave digester (Milestone, Sorisole, Italy). When the sample
had been digested, the extract was collected and made up
to a final volume of 10 ml for subsequent analysis.

Calibration curves were prepared following the Ga addition
technique as an internal standard, using stock solutions of
1000 mg/l of each element (Merck).

The total metal content (V and Se) in the tissues was ana-
lysed using inductively coupled plasma spectroscopy—MS
techniques, and the accuracy of the method was evaluated
by the analysis of suitable certified reference materials, Sero-
norm (Billingstad, Norway) and NIST 8414 (Gaithersburg,
MD, USA), and by recovery studies in samples of organs
enriched with multi-element standards. The percentage of
CV obtained for Se was 2:9% and that for V 5:6%. For each
element, we used the mean of five separate determinations
of this reference material.

Glycaemia levels were determined using the sensor ACCU-
CHEK AVIVA (Roche, Mannheim, Germany). Plasma levels of
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insulin were determined using the SPI BIO (Montigny le
Bretonneux, France) enzyme immune assay technique.

Total antioxidant status (TAS) was determined using a
Randox® assay kit (Randox Laboratories Limited, Crumlin,
Antrim, UK). The assay is based on the incubation of 2,2'-
azino-di-(3-ethylbenzthiazoline-6-sulfonic acid) (ABTS) with
a peroxidase (methmyoglobin) and H,O, to produce the rad-
ical cations ABTS, which has a relatively stable blue-green
colour, measured at 600 nm. The suppression of the colour
is compared with that of Trolox, which is widely used as a
traditional standard for TAS measurement assays, and the
assay results are expressed as Trolox equivalent (nmol/D).

Liver samples were homogenised in ice-cold buffer
(100 mM-Tris—HCI, 0-1mM-EDTA and 0-1% Triton X-100
v/v), pH 7-:8) at a ratio of 1:9 (w/v). Homogenates were
centrifuged at 30000rpm for 30 min in a Centrikon H-401
(Kontron Hermle, Zurich, Switzerland) centrifuge. After cen-
trifugation, the supernatant was collected and frozen at
—80°C until analysed.

All enzymatic assays were carried out at 25 * 0-5°C using
a PowerWavex microplate scanning spectrophotometer
(Bio-Tek Instruments, Winooski, VI, USA) in duplicate in
ninety-six-well microplates (UVStar®; Bio-One,
Frickenhausen, Germany). The enzymatic reactions were
started by the addition of the tissue extract. The specific
assay conditions were as follows:

Glutathione peroxidase (GSH-Px; EC 1.11.1.9) activity
was measured following the method of Flohé & Giinzler®
with some modifications"”. A freshly prepared glutathione
reductase (GR) solution (40 pkat/l in 0-1 M-potassium phos-
phate buffer, pH 7:0) was added to a 50mm-potassium
phosphate buffer (pH 7:0), 0-5mm-EDTA, 1mM-sodium
azide, 0-15mM-NADPH and 0-15 mm-cumene hydroperoxide.
After the addition of 1 mm- reduced glutathione (GSH), the
NADPH consumption rate was monitored at 340 nm.

GR (EC'1.6.4.2) activity was assayed as described by Carlberg
& Mannervik? with some modifications' ", by measuring the
oxidation of NADPH at 340 nm. The reaction mixture consisted
of 0-1M-sodium phosphate buffer (pH 7-5), 1mM-EDTA,
0-63 mM-NADPH and 0-15 mum-oxidised glutathione.

Glutathione transferase (GST; EC 2.5.1.18) activity was deter-
mined by the method of Habig et al."'> adapted to a microplate
reader™. The reaction mixture consisted of 0-1 M-phosphate
buffer (pH 65), 1:2mM-GSH and 1-23 mum-solution of 1-chloro-
2 4-dinitrobenzene in ethanol, all prepared just before the
assay. GST activity was monitored at 340 nm by the formation
of glutathione—chloro-dinitro benzene conjugate.

For these enzymes, one unit of activity is defined as the
of enzyme transform 1 pmol of
substrate/min under the above assay conditions. The protein

Greiner

amount required to
content of the supernatant solutions was determined by the
Bradford method®, using bovine serum albumin as the
standard.

Lipid peroxidation levels were determined based on malon-
dialdehyde (MDA) levels generated by the oxidation of PUFA.
In the presence of thiobarbituric acid, MDA reacts to produce
coloured thiobarbituric-acid-reacting substances that were
measured at 535 nm, following Buege & Aust1®.

The percentage of CV for GSH-Px, GR, GST and MDA was
7-3, 55, 6:4 and 85%, respectively. For each enzyme, we
used the mean of five separate determinations of the same
liver sample from a control rat.

All biochemicals, including substrates, coenzymes and pur-
ified enzymes, were obtained from Roche or Sigma Chemical
Company. All other chemicals came from Merck and were of
reagent grade.

Statistical analysis

Descriptive statistical parameters (means and standard deviations)
were obtained for each of the variables studied. The Mann—
Whitney U test for two independent samples and the Kruskal—
Wallis test for multiple independent samples were used in the
analyses. For the bivariate analysis, Spearman’s coefficient of
correlation was calculated. All analyses were performed using
SPSS 15.0 (SPSS, Chicago, IL, USA). Differences were considered
statistically significant at a probability level <5 %.

Results

Table 1 shows the evolution of the mean body weight and
mean food intake of rats during the experimental period.
The diabetic STZ rats (DM) did not present a significant
change in body weight during the experimental period. Treat-
ment with V, both at 1mg V/d (DMV) and at 3mg V/d
(DMVH), induced weight changes similar to those observed
in the DM rats.

Diabetes increased the food intake. However, the higher-
dose V treatment reduced the food intake of rats, to levels
slightly below those of the control rats (Table 1).

Table 2 shows the evolution of fasting glycaemia during the
experimental period. The V treatment of 1 mg/d did not sig-
nificantly alter glycaemia levels in the diabetic rats during
the first 28d. However, on day 35, glycaemia levels were
higher than those in the DM group. The treatment with the
3mg V/d dose maintained glycaemia at levels similar to
those of the control rats.

Table 1. Evolution of mean body weight and mean food intakes during
the experimental period

(Mean values with their standard errors)

Body weight (g)

Day 0 Day 35 Food intake (g)
Groups Mean SE Mean SE Mean SE
C 200 5 296 10 155 0-4
DM 184* 7 201* 15 30-1*** 09
DMV 187* 3 181*** 3 22.6***t1t 1.2
DMVH 203t1tt 1 204***f 8 11-6"*ttt1$t 0-4

C, control rats; DM, diabetic streptozotocin rats; DMV, diabetic streptozotocin rats
treated with 1 mg V/d; DMVH, diabetic streptozotocin rats treated with 3mg V/d.
Mean value was significantly different from that of the C group: * P<0-05, ** P<0-01,
*** P<0-001.

Mean value was significantly different from that of the DM group: 1 P<0-05,
111 P<0-001.

Mean value was significantly different from that of the DMV group: {P<0-05,
11 P<0.-01, $11 P<0-001.
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Table 2. Fasting glycaemia during the experimental period (mmol/l)
(Mean values with their standard errors)

Day O Day 7 Day 14 Day 21 Day 28 Day 35
Groups Mean SE Mean SE Mean SE Mean SE Mean SE Mean SE
C 36 0-4 5.0 0-3 5.7 0-1 51 0-2 5.2 0-1 4.7 0-3
DM 7-9* 1-3 13.9** 21 13-6** 11 14.3* 19 14.2** 2.0 14.6** 1.2
DMV 11.6** 1.9 17.0** 2.0 16-0** 1.8 16-0** 22 12.5** 1.5 19.-6**t 1.7
DMVH 9-4** 1.2 5-0tttt 0-3 4.7ttt 0-1 5-4ttit 0-3 51ttit 0-3 5-3tt1tt 0-3

C, control rats; DM, diabetic streptozotocin rats; DMV, diabetic streptozotocin rats treated with 1 mg V/d; DMVH, diabetic streptozotocin rats treated with 3mg V/d.
Mean value was significantly different from that of the C group: * P<0-05, ** P<0-01, *** P<0-001.

Mean value was significantly different from that of the DM group: 1+ P<0-05, 11 P<0-01.

Mean value was significantly different from that of the DMV group: 1 P<0-01, £$3 P<0-001

Table 3 shows serum V, Se and insulin on day 35, in the
experimental groups. Diabetes induced by STZ produced a
significant increase in the serum levels of V and Se and a
decrease in circulating insulin. The diabetic rats treated with
1mg V/d did not present any change in serum Se or insulin,
compared with the untreated diabetic rats. However, the dia-
betic rats treated with 3mg V/d presented serum Se values
below those of the control rats, while insulin and TAS
remained at levels similar to those of the diabetic rats.

Table 4 shows the digestive and metabolic utilisation of Se.
Diabetes (DM group) increases the net values of absorbed and
retained Se; although when expressed as a percentage
(% absorption and %R/D, no significant changes were
observed. The diabetic rats treated with 1mg V/d (DMV)
presented a reduction in Se absorption and Se retained, in
comparison with the DM group.

Table 5 shows the Se content in the muscle, kidney, liver
and spleen on day 35. Diabetes increased Se content in the
kidney, liver, spleen and heart. In the diabetic rats, the V treat-
ment, at a dose of 1 mg V/d, decreased Se content in the liver
and spleen in comparison with the untreated diabetic rats
(DM), but these values remained higher than those of the con-
trol rats, except in the case of the muscle and spleen. The
treatment of the diabetic rats with 3 mg V/d produced a signifi-
cant reduction in Se in the kidney, liver and spleen.

TAS and the activities of GSH-Px, GR, GST and lipid peroxi-
dation levels (MDA) are shown in Table 6. The treatment leads
to a decrease in the activity of GSH-Px and GST and an
increase in the lipid peroxidation level.

The bivariate study revealed the existence of significant
relationships, among which the following are particularly

important: V intake correlated negatively with Se absorbed
(r —0:556; P<0-01), Se retained (r —0-644; P<0-001), GSH-
Px (r —0-414; P<0:05) and GST (r —0-817; P<0:001) activity,
and positively with MDA (r 0-388; P<<0-05).

Se intake correlated positively with Se content in the kidney
(r 0-790; P<0-001), liver (» 0-840; P<<0-001), spleen (r 0-593;
P<0-001) and heart (r 0-529; P<0-01). Se absorbed correlated
positively with the serum levels of Se (» 0-870; P<0-001), Se
content in the kidney (r 0-876; P<0-001), liver (r 0-880;
P<0-:001), spleen (r 0:664; P<0-001) and heart (r 0-420;
P<0:05). Se content in the liver correlated positively with
GSH-Px (r 0-941; P=0-001) and negatively with MDA
(r —0-529; P<0-01).

Discussion

Diabetes is a pathology that affects the metabolism of various
trace elements and the activity of enzymes related to antioxi-
dant defence. This circumstance may contribute to the devel-
opment of the disease. It has been shown that V is a trace
element associated with the regulation of glucose, improving
its transport and metabolism and increasing the sensitivity of
the insulin receptor'”. However, there are many aspects that
remain to be determined, such as the interactions with other
elements.

In view of the lack of information on Se-V interactions, the
present study examines diabetic rats treated with different
doses of V in order to determine Se bioavailability and
tissue distribution, and its relationship to some indicators of
the nutritional status of this element. Based on the study
results, under our experimental conditions, the V treatment

Table 3. Fasting selenium, vanadium and insulin in serum on day 35

(Mean values with their standard errors)

Groups. .. C DM DMV DMVH

Mean SE Mean SE Mean SE Mean SE Pi_w test
Serum V (pmol/l) 0-045 0-004 0-12** 0-009 7-5**tt 0.7 15-0*tt1t 1.5 <0-001
Serum Se (pmol/l) 1.03 0-03 1.15** 0-03 1.49** 0-06 0-86**tt1t 0-04 <0-001
Serum insulin (pmol/l) 313 40 38** 9 41+ 12 34** 3 <0-001

**Mean value was significantly different from that of the C group (P<0-01).
11 Mean value was significantly different from that of the DM group (P<0-01).

11 Mean value was significantly different from that of the DMV group (P<0-01).
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Table 4. Digestive and metabolic utilisation of selenium on days 28—-35 of the study

(Mean values with their standard errors)

Groups. .. C(n9) DM (n 8) DMV (n 8) DMVH (n 8)
Mean SE Mean SE Mean SE Mean SE Pi-w test

I (ng/d) 0-99 0-04 2.18** 0-06 177ttt 0-04 0-91111$$t 0-03 <0-01

F (ng/d) 0-20 0-03 0-39* 0-06 0-37* 0-04 0-54**% 0-06 <0-001
U (ng/d) 0-26 0-02 0-59*** 0-07 0-63*** 0-04 0-17* 1111+ 0-01 <0-001
A= (I— F) (ng/d) 0-79 0-05 1.80*** 0-05 1.40"*ttt 0-04 0-37**t1t1tt 0.07 <0-001
A (%) = (All)x 100 80 3 82 2 79 2 40 t11$Et 7 <0-001
R=(I— (F+U)) (ng/d) 0-53 0-05 1.20* 0-06 0-76™t1t 0-06 019111t 0-07 <0-001
R (%) = (R/l) x 100 53 4 56 4 43t 3 21113 7 <0.01

C, control rats; DM, diabetic streptozotocin rats; DMV, diabetic streptozotocin rats treated with 1 mg V/d; DMVH, diabetic streptozotocin rats treated with 3mg

V/d; I, intake; F, faecal excretion; U, urinary excretion; A, absorbed; R, retained.

Mean value was significantly different from that of the C group: * P<0.05, ** P<0-01, *** P<0-001.
Mean value was significantly different from that of the DM group: +P<0.05, 11P<0.01, t11P<0.001.
Mean value was significantly different from that of the DMV group: $P<0-05, $+$P<0-01, 11+$P<0-001.

caused a tissue depletion of Se that compromised Se nutri-
tional status and antioxidant defences in the tissues

The doses of V used in the present study (1 mg V/d approxi-
mately 5mg V/kg body weight per d and 3mg V/d approxi-
mately 15mg V/kg body weight per d) are higher than the
lowest dose reported to cause adverse effects in rats (0-8 mg
V/kg body weight per d). However, the doses used are low
in comparison with those used in other studies and much
lower than LD50 (lethal close 50) (40-90mg V/kg body
weight per ). In each group treated with V, two rats
(20%) were removed from the present study due to gastroin-
testinal disorders.

In the untreated diabetic rats (DM), there were no signifi-
cant weight increases during the experimental period, due
to the hypercatabolism that accompanies the disease, although
the rats presented polyphagia. The diabetic rats treated with V
did not present significant weight changes™®, although food
intake did significantly decrease as the V dose was increased,
reaching values similar to those of the control rats in the case
of the dose of 3mg V/d. It has been suggested that the
decrease in food intake could be because V heightens the
catabolic effects of leptin, favouring body-weight loss and
reducing food intake™®.

The V treatment of 1 mg/d (DMV) did not significantly alter
glycaemia levels in the diabetic rats during the first 28d. The
higher levels of glycaemia observed on day 35 in the DMV
group, with respect to the DM group, could be because STZ
produced more severe pancreatic damage in some rats, and

this circumstance was apparent at the end of the experimental
period.

The dose of 3mg V/d normalised glycaemia levels in
the diabetic rats, from the first week of the treatment. These
results coincide with those reported earlier’”~". Neverthe-
less, other authors have observed that although V exercises
a hypoglycaemic effect, normal glycaemia levels are not
achieved®*?22® This inconsistency could be due to various
factors, such as the use of different compounds and doses
of V, the duration of assays, the method employed to deter-
mine glucose levels, the dose of STZ used and/or variability
in the animals’ responses.

The diabetic rats presented a level of insulinaemia that
was well below that observed in the control rats, due to the
destruction of B-cells caused by STZ. Treatment with V, inde-
pendently of the dose applied, had no effect on the serum
levels of insulin (Table 3).

Serum levels of Se in the DM group were higher than those
in the control group, because the animals in the DM group
consumed more food, which led to increases in the net quan-
tities of Se absorbed and retained (Table 4). The increased
body retention of Se caused by diabetes is assumed to be
responsible for the increased serum levels and the content
of Se in the tissues of the diabetic rats (Table 5). The corre-
lations found between Se intake and its content in the tissues
(see the Results section) corroborate this hypothesis.

The treatment of the diabetic rats with 1mg V/d (DMV
group) had no effect on fasting glycaemia, but in comparison

Table 5. Selenium content in muscle, kidney, liver, spleen, heart, adipose tissue and femur (mg/kg dry tissue) on day 35

(Mean values with their standard errors)

Groups. .. C DM DMV DMVH

Mean SE Mean SE Mean SE Mean SE Pr_w test
Gastrocnemius muscle 0-43 0-02 0-47 0-02 0-44 0-01 0-42 0-02 >0-05
Kidney 4.62 017 6-11*** 0-14 5.71** 0-14 3-07***t 1111t 0-09 <0-001
Liver 2.38 0-11 3.73*** 0-15 3-01**tt 0-09 119"+ttt t 0-01 <0-001
Spleen 1.54 0-04 1.76* 0-06 1.541 0-06 1-31"*1t1t 0-07 <0-01

C, control rats; DM, diabetic streptozotocin rats; DMV, diabetic streptozotocin rats treated with 1 mg V/d; DMVH, diabetic streptozotocin rats treated with 3mg V/d.
Mean value was significantly different from that of the C group: * P<0-05, ** P<0-01, *** P<0-001.

Mean value was significantly different from that of the DM group: 1P<0-05, t1P<0.01 t+11P<0-001.

Mean value was significantly different from that of the DMV group: $P<0-05, $31P<0-001.
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Table 6. Total antioxidant status (TAS) in serum and activity of glutathione peroxidase (GSH-Px); glutathione reductase (GR) and
glutathione transferase (GST), and malondialdehyde (MDA) levels in the liver on day 35

(Mean values with their standard errors)

Groups. .. C DM DMV DMVH

Mean SE Mean SE Mean SE Mean SE P_w test
TAS (mmol/l) 1.29 0-08 0-91* 0-08 0-95* 0.07 0-86* 0-10 <0-01
GSH-Px (nkat/g protein) 105 0-9 19.2%** 0-6 14-4*tt 1.0 7-3*ttt1tt 1.0 <0-001
GR (pnkat/g protein) 0-57 0-05 0-55 0-01 0-55 0-01 0-53 0-02 > 0-05
GST (pkat/g protein) 4.68 0-05 4.10** 0-12 3-67** 0-12 3-48***tt 0-12 <0-001
MDA (nmol/g liver) 48 4 42 3 49 2 62*ttt 4 <0-05

C, control rats; DM, diabetic streptozotocin rats; DMV, diabetic streptozotocin rats treated with 1 mg V/d; DMVH, diabetic streptozotocin rats treated with

3mg V/d.

Mean value was significantly different from that of the C group: * P<0.-05, ** P<0-01, *** P<0-001.
Mean value was significantly different from that of the DM group: 11P<0-01, +11P<0-001.
Mean value was significantly different from that of the DMV group: $P<0-05, $31P<0-001.

with the untreated diabetic rats, there was a decrease in food
intake and in the net quantities of Se absorbed and retained.
In our opinion, the lower absorption and retention of Se in
the DMV group appears to respond to the changes in food
intake produced by the treatment. The reduced Se retention
is responsible for the slight decrease in Se content in the
liver and spleen.

The dose of 3 mg V/d given to the diabetic rats (DMVH group)
had a clearly anti-diabetic effect, normalising glycaemia
levels and reducing food intake to levels similar to those of
the controls. Moreover, this dose of V produced a severe
reduction in the absorption and urinary losses of Se. We believe
that the main cause of the drastic reduction in absorbed Se may
be due to reduced Se intake (Table 3). Nevertheless, the high
concentration of V in the intestine could also have interfered
with Se absorption(24’25)
between the intake of V and the absorbed Se (see the Results
section) corroborate the above remarks.

The reduction in the urinary losses of Se could be a

. The negative correlations found

compensatory mechanism to avoid its depletion. Under
physiological conditions, the homoeostasis of Se is basically
regulated by urinary excretion”®,

We believe that in the DMVH group, the reduced absorption
is responsible for the lower Se content in serum (Table 3) and
in the kidney, liver and spleen (Table 5).

In order to better determine whether Se tissue depletion
had affected the oxidative status, we designed a study of
serum TAS and of the activity of three GSH-dependent
enzymes: GSH-Px and hepatic GR and GST.

The present results show that in the untreated diabetic rats,
serum TAS decreased, while in the liver, the activity of GSH-Px
increased, that of GR remained unchanged and that of GST
diminished (Table 6). The increased GSH-Px activity could
be related to the greater content of hepatic Se found in this
group. Hepatic GSH-Px is known to be very effective in deter-
mining the nutritional status of Se®” (Table 5). An earlier pub-
lication has reported lower levels of GSH in the erythrocytes
of diabetic patients®. In the present study conditions, the
degradation of GSH would account for the reduced activity
of GST found in this group.

The V treatment given to the diabetic rats did not affect TAS
(Table 6), irrespective of the dose. Other authors, in previous
studies®”, have observed no significant changes in TAS fol-
lowing the V treatment.

It has been reported that exposure to V results in the
depletion of the cellular GSH pool, which increases the vul-
nerability to lipid peroxidation®~3?_ The results obtained in
the present study show that the V treatment to the diabetic
rats at 1 mg V/d does not modify glycaemia, but does produce
slight decreases in food intake, Se absorbed and Se in the liver
and spleen. The depletion of Se in the liver is accompanied by
a reduction in the activity of GSH-Px and a non-significant
increase in MDA, compared with the untreated diabetic rats.
The treatment at 3mg V/d induced a clearly anti-diabetic
effect, as both food intake and glycaemia levels were normal-
ised. In addition, there was a sharp decrease in Se absorption
and Se content in various tissues. The strong depletion of Se in
the liver (Table 5) could account for the reduced activity of
GSH-Px. Studies'™*" have reported that the depletion of
GSH could account for the reduced activity of GST and also
contribute to that of GSH-Px. The lower levels of activity of
these enzymes could be related to the higher levels of MDA.
Bivariate analysis reveals a high positive correlation between
the liver content of Se and the activity of GSH-Px, together
with a negative correlation with MDA (see the Results section).
We conclude that under our experimental conditions, the V
treatment caused a tissue depletion of Se that compromised
Se nutritional status and antioxidant defences in the tissues.
However, further studies are needed to better determine the
effects arising from these interactions.
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