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Objective: Stress and cortisol increase blood glucose.
Considering the role of central catecholaminergic pathways on
hypothalamic-pituitary adrenocortical axis, and results of some
studies that alprazolam (a benzodiazepine) has inhibitory effect
on catecholamines, it seems that alprazolam may reduce blood
glucose. The aim of this study was to evaluate the effect of
alprazolam on serum insulin level in non-diabetic rats.
Materials and Methods: This was an experimental study
done on 20 male adult rats weighing 180-200g which were
selected randomly and divided into three treatment and one
control groups. Animals in test groups were administrated
different alprazolam doses (0.5, 1 and 2 mg/kg) intraperitoneally
and blood insulin and glucose levels were assessed 0, 2, 4 and 6
hours following the treatment. General Linear Model was used
to compare the alterations in serum insulin and glucose levels
between four groups in different times. For comparison of mean
serum glucose levels between two different times paired t-test
and for insulin, Wilcoxon test was used.
Results: The serum insulin level alternations were significant
in 2 mg/kg group (P=0.0001), with a peak at 4 hour. These
alternations were not significant in 0.5 and 1 mg/kg groups, as
well as controls.
Conclusion: Our findings show thatblood insulin increases in
response to alprazolam injection and this effect is dosedependent. Maximum increase is induced by the dose of 2
mg/kg.
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Introduction

I

t has been shown that stress can induce
hyperglycemia in several animal models of
type II diabetes (1). Cori theorized a link
between the physiologic stress response
and development of hyperglycemia. In his

experiments with rabbits, Cori demonstrated
that continuous infusion of epinephrine
exacerbated hyperglycemia (2).
Van Loon continued these researches by
infusing beta endorphins intracisternally in
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conscious, unrestrained, adult male rats. He
showed an increase in plasma glucose
exacerbated by infusion. Also, he could
abolish this effect via adrenal denervation.
Disabling neural control of the adrenal gland
disrupted the production of cortisol,
eliminating the stimulus for the development
of hyperglycemia (3).
Some
studies
have
indicated
that
benzodiazepines
regulate
central
and
peripheral
catecholaminergic
activities.
Alprazolam, a benzodiazepine -activating
GABAergic receptors, has been shown, in fact,
to lower both basal and stimulated
noradrenaline and adrenaline levels in animals
and humans probably through α2-adrenergic
regulation (4-6). As central catecholaminergic
pathways play a relevant role in the control of
hypothalamic-pituitary-adrenocortical axis (7),
it has been hypothesized that alprazolaminduced reduction in catecholaminergic
activity could contribute to their inhibitory
effect on corticotrophin secretion.
Based on these data, the aim of this study was
to evaluate the effect of alprazolam on serum
insulin and glucose level in non-diabetic rats.

Materials and Methods
For this study, male Wistar rats weighing 180200g were housed at 22-23°C and humiditycontrolled rooms. The animals were fed rat
chow (Parse Co. Tehran, Iran) and water ad
libitum and were acclimatized to a 12-hour
light-dark cycle for a period of 1 week before
experimental manipulation. Principles of
laboratory animal care were followed, and
experimental protocols were approved by
medicalethics committee of ShahidSadoughi
University of Medical Sciences.
A blood sample was collected for insulin
measurement before the trial. Twenty rats
were randomly and equally divided into four
groups: control rats administered artificial
extracellular fluid;other rats were given
intraperitoneal injection of alprazolam (Abidi
Co. Tehran, Iran) 0.5, 1 (n=5) and 2mg/kg
(n=5 for all groups).
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Blood collections were performed at 0, 2, 4
and 6 hours of injection by retro-orbital sinus
puncture. Serum was analyzed for glucose and
insulin. The glucose was analyzed by Dunken
testAuto-Analyzer (Echo-plus, Italy) with Vis
chini kit. Insulin was determined by
radioimmunoassay with ELIZA-2943 kit using
star fax 3200.
Data were analyzed using SPSS version 17
(SPSS Inc., Chicago, US). For comparison of
alternation in serum insulin and glucose levels
between four groups in different times,
General Linear Model (Repeated Measures
Factor) was used. To compare the mean serum
glucose levels between four groups in different
times, General Linear Model (Repeated
Measures Factor) was used. For comparison of
means of serum glucose between two different
times paired t-test and for insulin which had
not normal distribution, Wilcoxon Signed
Ranks Test was used.

Results
The serum insulin level alternations were
statistically significant in baseline and after 2,
4 and 6 hours in 2 mg/kg trial group
(P=0.0001), with a peak at 4 hour; but this
alternations were not significant for0.5 and 1
mg/kg groups, as well as for controls (P=0.53,
0.64 and 0.48 respectively) (Figure 1).

Figure 1: Serum insulin levels at baseline and after
2, 4 and 6 hours in four trial (n=5).
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No significant alternations were seen in serum
glucose level at baseline and after 2, 4 and 6
hours in 0.5, 1 and 2 mg/kg trial groups
(P=0.32, 0.12 and 0.39 respectively), but this
alternation was significant in control group
(P=0.04) (Figure 2).

Figure 2: The serum glucose levels at baseline and
after 2, 4 and 6 hours in four trial groups.

When the differences of serum glucose and
insulin levels at baseline and after 6 hours
were compared in four trial groups, no
significant differences were seen (P=0.08 and
0.8 respectively).

Discussion
Results of present study showed that the serum
insulin level increased significantly after four
hours of receiving 2 mg/kg alprazolam, but no
significant changes was seen in blood glucose
level.
Hyperglycemia increased by physical or
psychological stress is a known complicating
factor in the treatment of diabetes mellitus (8).
However, little is known about efficient
treatment for stress hyperglycemia. Some
studies reported that alprazolam reduces
stress-induced hyperglycemia in animal model
of type 2 diabetes (9). Surwit et al. showed

that alprazolam significantly lowered plasma
corticosterone in obese mice at rest and
following stress (9). In their study, although
alprazolam increased plasma insulin in all
mice at rest and following stress, plasma
glucose level only reduced in obese animal
during stress. Thus the results of present study
are in agreement with the findings of Surwit et
al.
Some human studies haveshown that
alprazolam could have beneficial effects on
glycemic control. In Lustman study (10), fiftyeight patients with poor glycemic control were
entered into a randomized, double-blind,
placebo-controlled, 8-week trial using
alprazolam (up to 2 mg/day) as the active
agent. A statistically significant reduction in
glycated hemoglobin level was observed in
patients treated with alprazolam compared
with those receiving placebo. In another
parallel clinical trial, administration of 5.0 mg
alprazolam for 6 weeks led to a significant
decrease in fasting blood sugar and glycated
hemoglobin levels (11).
Reduction of hyperglycemia may be due to the
effect of alprazolam on hypothalamicpituitary-adrenocortical
axis
or
catecholaminergic response to stress (9). It has
been shown that alprazolam decreases both
basal and stimulated noradrenaline and
adrenaline levels in animals and human
probably through α2-adrenergic modulation
(4-6). Since central catecholaminergic
pathways play an important role in the control
of hypothalamic-pituitary-adrenocortical axis
(7), it has been hypothesized that alprazolaminduced reduction in catecholaminergic
activity could contribute to its inhibitory effect
on corticotrophin secretion (12).
It has been hypothesized that alprazolam
increases insulin secretion by reduction of
glucocorticoids. Deuster et al. showed that
acute administration of alprazolam restrains
stress-induced
hypothalamic-pituitaryadrenocortical axis activation, as indicated by
reduced exercise-induced secretion of ACTH,
AVP, cortisol, and DHEA (13). Additionally,
glucocorticoids have direct effects on
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pancreatic beta cells, which result in a
generalized inhibition of insulin secretion (1416). This inhibition is caused by a reduction in
the effectiveness of cytoplasmic Ca21 on the
secretory process (17).
Nevertheless, the results of some studies
suggest that alprazolam may have a direct
effect on insulin secretion by stimulating
insulin release from beta cells or some
unknown mechanisms (9) and the recognition

of benzodiazepine receptors in the periphery
strengthened this hypothesis (18).

Conclusion
Our findings show that blood insulin is
increased due to the alprazolam injection in a
dose-dependent mannerand maximum increase
is obtained by 2 mg/kg.The mechanisms
contribute to this phenomenon should be
evaluated in further studies.
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