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SUMMARY

The aim of the study was to determine the effect of vanadate on
glucose production in hepatocytes cultured in vitro. Hepatocytes
were 1solated by the collagenase perfusion technique and cultured
for 24 h in M 199 serum-free medium. The glucose production
was measured by incubating the cultures in glucose-free Hanks-
Hepes medium with the addition of 10 mmolll pyruvate. The
glucose released into the medium was determined enzymatically
with glucose oxidase. Glycogenolysis was determined as net
decrease in glycogen content during the incubation period.
Vanadate alone in a concentration of 1 mmolll caused a
significant (p<0.01) 57% increase of glucose production during
the first hour, whereafter complete cessation of glucose
production occurred and hepatocytes started to consume glucose,
shown as a steady and slow glucose decrease in the medium.
Although insulin alone did not change glucose production,
vanadate in the presence of insulin induced an even stronger
(80%) increase in glucose production during the first hour,
Jollowed by a very strong (60%) glucose decrease in the medium
during the second hour: The results obtained indicated that
vanadate decreased  glucose  production by inhibiting

gluconeogenesis.
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INTRODUCTION

The trace element vanadium, widely distributed in
nature, has been shown to exert both insulin-like and
action (1). Vanadyl
improves glucose homeostasis 7 vivo in several models
of diabetes, normalizes blood glucose levels in
streptozotocin diabetic rats, and also restores
expression of the insulin responsive glucose transport
in skeletal muscle (2,3). Vanadate caused longterm and

non-insulin-like treatment

marked improvement of glucose homeostasis in obese
fa/fa rats and in diabetic ob/ob mice, and also improved
hepatic and peripheral insulin sensitivity in patients
with non-insulin dependent diabetes mellitus (4-6).
These apparently beneficial effects on peripheral
glucose utilization are in contrast with vanadate effect
on hepatic carbohydrate metabolism in normal rat,
causing increase of hepatic glucose production as well
as stimulation of glycogen phosphorylase activity (7,8).
Similar activation of glycogen phosphorylase by
vanadate was observed in hepatocytes isolated from
diabetic rat (9). The prolonged and uncontrolled
diabetes is presumably predominated by an increase in
gluconeogenesis and overproduction of glucose from
the liver, therefore it would be of interest to find out
the effect of vanadate on this process (10). In this
study, direct effects of vanadate on glycogenolysis and
gluconeogenesis were investigated in hepatocytes
cultured 7 vitro.

41



J. Ro$a, J. Rosa / EFFECTS OF VANADATE ON GLUCOSE PRODUCTION IN RAT HEPATOCYTES CULTURED /N VITRO

MATERIAL AND METHODS

Animals

Adult male Wistar rats weighing 250-325 g were used
in the experiments. Rats were housed individually in
wire cages in a temperature-controlled room (21+1 °C),
on 12 h light-dark cycle, with free access to food and
water. The principles of animal care (NIH publication
No. 85-23, revised 1985) were followed.

Hepatocyte culture preparation

Hepatocytes were isolated by a modified collagenase-
perfusion technique (11). The rats were anesthetized
with phenobarbital (10 mg/100 g body weight) and
S-77 medium containing
collagenase (0.5 g/l were used for liver perfusion

calcium-free  Swim’s
through a portal cannula). Usually more than 90% of
cells excluded trypan blue as the measure of viability.
After washing twice with the same collagenase-free
medium, the cells were suspended to a final
concentration of one million cells per ml M199 serum-
free medium. Three ml of cell suspension were placed
in 60-mm Petri dishes previously coated with collagen.
Culture dishes were kept at 37 °C in an atmosphere of
5% CO, and 95% air (Heracus CO, incubator, Hanau,
Germany). The culture medium was replaced with
fresh medium 4 hours later to remove unattached cells
and hepatocytes were incubated for the next 24 h in
the M199 serum-free medium.

Glucose production

After having been left for 24 h in culture, the medium
was removed and cells were incubated in glucose-free
Hanks-Hepes medium containing 10 mmol/l pyruvate,
without hormones (control) or insulin (80 nmol/l) or
vanadate (1 mmol/l). The glucose released into the
medium was determined enzymatically with glucose
oxidase. The glucose production was measured by
incubating the cultures in glucose-free Hanks-Hepes
medium with the addition of 10 mmol/l pyruvate. The
incubation medium was removed and hepatocytes were
washed three times with cold saline and frozen
immediately in liquid nitrogen. The cells were
digested in 0.2 N NaOH and an aliquot was taken for
glycogen and protein determination. The amount of
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glycogen was determined by the method of Roehring
and Allred (12), and protein by the method of Lowry ez
al. (13).

Chemicals

Bovine albumin, glutamine, HEPES, M199 medium,
Swim’s S-77 medium, insulin and vanadate were
obtained from Sigma; Collagenase CLS II (131U/ mg)
was purchased from Worthington; Collagen R was
purchased from Serva.

Perfusion medium is a Swim’s S-77 medium
containing 2.2 g NaHCO, and 585 mg glutamine per
liter.

Incubation medium is a M199 medium containing the
following additions per liter: 2 g albumin, 900 mg L-
glutamine and 2.2 ¢ NaHCO,

Statistical analysis

Data were expressed as mean * SEM. Statistical
significance was evaluated by Student’s t-test; p<0.01
was considered statistically significant.

RESULTS

The rate of glucose production in glucose-free Hanks
Hepes medium in the presence of pyruvate showed
two components. The highest glucose production was
recorded during the first hour, followed by a decrease in
the second and third hour (Fig. 1). The major part of
glucose produced during the first hour of incubation
was delivered by quick activation of glycogenolysis.
After the cell incubation in glucose-free Hanks-Hepes
medium, there was a rapid and very great decrease in
glycogen
glycogenolysis in control cultures was in the first hour,
whereas a considerably lower rate was recorded during
the second hour and complete cessation in the third

concentration. 'The highest rate of

hour (Fig. 2). Vanadate alone in a concentration of 1
mmol/l caused a significant (57%) increase in glucose
production during the first hour, whereafter complete
cessation of glucose production occurred and
hepatocytes started to consume glucose, shown as a
steady and slow decrease of glucose in the medium
(Fig. 1). In cultures treated with vanadate and insulin
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Figure 1. Glucose production (nmol/mg protein) in
cultured hepatocytes incubated in glucose-free
Hanks-Hepes medium in the presence of 10 mmol/l
pyruvate and treated with 1 mmol/l vanadate (-®-)
and untreated controls (-O-). Each point is mean
+ SEM for five plates in two separates experiments.
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together there was a significantly higher increase of
glucose production during the first hour, followed by
very strong glucose reduction in the medium during
the second hour, although insulin alone caused no
significant changes in glucose production throughout
the three-hour period (Fig. 3).

DISCUSSION

The present study demonstrated that vanadate
increased glucose production only during the first hour,
when glycogenolysis was activated in the glucose-free
medium. Rapid release of glucose into the medium
corresponded with the decrease in cellular glycogen.
These results are in agreement with the report of Bosh
et al. (8), who demonstrated glycogenolytic effect of
vanadate in freshly isolated hepatocytes. The
activation of glycogen phosphorylase was also detected
in isolated hepatocytes of streptozotocin-diabetic rat
(9). Interestingly, we demonstrated a similar
glycogenolytic effect in animals after insulin injection.
Insulin injection causes deep hypoglycemia, which in
turn induces intense glycogenolysis in the animal liver
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Figure 2. Glycogen concentration (glycosyl units
nmol/mg protein) in cultured hepatocytes incubated
in glucose-free Hanks-Hepes medium in the presence
of 10 mmol/l pyruvate and treated with 1 mmol/l
vanadate (-H-) and untreated controls (-U-). Each
point is mean = SEM for five plates in two separates
experiments.
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Figure 3. Glucose production (nmol/mg protein) in
cultured hepatocytes incubated in glucose-free
Hanks-Hepes medium in the presence of 10 mmol/Il
pyruvate and treated with 80 nmol/l insulin (-4-),
insulin (80 nmol/l) and vanadate (1 mmol/l) (-H-) and
untreated controls (-O-). Each point is mean + SEM
for five plates in two separates experiments.
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* p<0.01 compared with untreated controls.
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(14). In our experiments, intense glycogenolysis was
activated in glucose-free medium, however, insulin did
not cause any significant increase in glucose production
during the first hour in glucose-free medium. On the
other hand, vanadate in the presence of insulin caused
an even stronger increase in glycogenolysis during the
first hour (Fig. 3). In contrast to our results, Roden ez @/.
found that insulin completely blocked glycogenolytic
effect of vanadate in isolated livers of non-fasting rats
(7). They perfused livers with a medium containing 5
mmol/l glucose, whereas we used glucose-free medium,
which might possibly explain the differences.

When blood glucose concentration is low i vivo, or
glucose-free medium i vitro, hepatocytes produce
glucose mainly from glycogen, which we also
demonstrated during the first hour of incubation.
Glycogen stores are limited and exhausted after one
hour (Fig 2). Then glucose supply relies on its
synthesis from non-glucidic precursors such as lactate
or pyruvate (15). In our study, the process of
gluconeogenesis was activated during the first hour of
incubation, to become the main process for glucose
production during the second and third hour. Vanadate
alone as well as in the presence of insulin completely
blocked this process. Hepatocytes started consuming
glucose rather than producing it (Figs. 1 and 3). This
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