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Losartan may prevent the elevation of plasma glucose levels induced by
chronic stress. Y. ÜRESIN, B. ERBAª, M. ÖZEK, Pol. J. Pharmacol., 2004,
56, 271–273.

The effect of angiotensin II antagonist, losartan, on chronic stress-
induced elevation of blood glucose levels was investigated in rats. Chronic
immobilization stress caused an increase in blood glucose levels in rats. Ad-
ministration of losartan (3 mg/kg, po) before stress exposure significantly
prevented this increment. We suggest that losartan showed this effect by de-
creasing the excessive sympathetic response to stress. In conclusion, there is
a relationship between stress, sympathetic nervous system, and renin-
angiotensin system.
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Abbreviations: AII – angiotensin II, ACE –
angiotensin converting enzyme, ANOVA – one-way
analysis of variance, C – control, CS – chronic
stress, L – losartan, L + CS – losartan + chronic
stress, RAS – renin-angiotensin system, SNS –
sympathetic nervous system

INTRODUCTION

Physiological responses to stress stimuli includ-
ing increases in blood pressure, heart rate, body
temperature and plasma concentration of ACTH
can be related to the stress-induced activation of
the sympathetic nervous system (SNS). Increased
activity of the SNS also plays a role in the develop-
ment of impaired glucose and lipid metabolism [6].
The alterations in glucose and lipid metabolism in-
duced by stress may contribute to the etiology and
development of diabetes mellitus and cardiovascu-
lar diseases.

The activity of SNS is affected by several fac-
tors like angiotensin II (AII). Both the central [12]
and peripheral [2, 15] AII may contribute to the ac-
tivation of the SNS. Because AII secretion is en-
hanced in the central and peripheral tissues by the
stress exposure, AII is now classified as an impor-
tant stress hormone [13].

We suggest that the blockade of AII may be im-
portant to the prevention and treatment of diabetes
mellitus and cardiovascular diseases which are usu-
ally associated with stress and affected by it. There-
fore, in this study, we investigated the effects of im-
mobilization stress, which is thought to be a mix-
ture of physical and psychological stressors, on
blood glucose level and the effects of an AII recep-
tor antagonist losartan on this parameter.

MATERIALS and METHODS

The experiments were performed on male
Wistar-albino rats weighing 200–250 g. The rats
were divided into four groups: Control (C), Losartan
(L), Chronic Stress (CS), and Losartan + Chronic
Stress (L + CS).

The immobilization stress was performed by
putting the rats singly in small cylindrical wire
cages (6.5 × 15.5 cm, diameter × length). The rats
were kept in these cages for 60 min/day for 10 con-
secutive days to subject them to chronic stress [9].

Losartan (3 mg/kg, gift of Merck & Co.) dis-
solved in saline was given daily by gavage for

10 days to group L and group L + CS (before the
initiation of the daily stress regimen). The group C
received an equal volume of saline daily by gavage
for 10 days. During the study standard food and
water were provided ad libitum.

The rats were sacrified by decapitation after the
last stress regimen and their blood samples were
collected for plasma glucose level measurements.

Plasma glucose levels were measured by
colorimetric method using Hitachi-902 analyzer.

Statistical method

All values were given as mean ± SEM. Statisti-
cally significant differences were assessed by one-
way analysis of variance (ANOVA) followed by
Tukey’s test for multiple comparisons; p < 0.05
was considered to be statistically significant.

RESULTS

Chronic stress increased the plasma glucose lev-
els significantly vs. control group [F(3,20) = 84.2,
p < 0.001]. In group L + CS, the plasma glucose
levels significantly decreased vs. group CS
[F(3,20) = 84.2, p < 0.001]. In L-treated group,
there was no significant difference vs. control
group (Fig. 1).

DISCUSSION

These results showed that chronic immobiliza-
tion stress increased the plasma glucose levels in
the rats. The AII receptor antagonist, losartan, pre-
vented the significant increments of plasma glu-
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Fig. 1. Plasma glucose levels of control (C), losartan (L), chronic
stress (CS), losartan + chronic stress (L + CS) groups. Data were
expressed as a mean ± SEM , n = 6 per group. * p < 0.001 vs.

group C, ** p < 0.001 vs. group CS



cose levels induced by chronic stress when given
before the stress regimen.

Stress has been implicated in the development of
hyperglycemia by activating pituitary-adrenocortical
and sympathoadrenal systems [3]. It has been re-
ported that psychological stress-related variables
and insulin-resistance are correlated [7] and the de-
creases in stress exposure are associated with better
glycemic control in type II diabetes mellitus [10].

On the other hand, immobilization stress has
been shown to cause increases in plasma norepi-
nephrine and epinephrine levels [4, 8]. Intracere-
broventricular application of AII receptor antago-
nists inhibits the increases in plasma norepineph-
rine and epinephrine levels during stress exposure,
indicating that the central AII system has an excita-
tory role in sympathetic responses to stress [8]. It
has also been shown that acute and chronic stress
stimulate the renin-angiotensin system (RAS) to in-
crease the levels of AII both in the plasma and
brain [14].

It is well-known that renin secretion from juxta-
glomerular cells in the kidney is stimulated by an
increase in the activity of the SNS. Immobilization
stress-induced increases in plasma renin activity of
the rats are reduced by the injection of �-adrenergic
blocker propranolol [1]. Furthermore, the release of
AII from the vasculature was induced by �-adreno-
ceptor activation [5]. As a result, the plasma level
of AII is increased by the activation of renal and
other tissue RASs during stress exposure [11].
These data are harmonious with our results where
chronic stress caused an increase in blood glucose
levels and AII receptor antagonist losartan reduced
this increment.

In conclusion, there is a relationship between
stress, SNS activation and RAS. It is known that
excessive SNS activation is a facilitating factor for
cardiovascular diseases and type II diabetes melli-
tus development. Thus, it can be speculated that
chronic blockade of RAS may decrease the exces-
sive sympathetic responses to stress in cardiovas-
cular diseases and prevent the likely development
of type II diabetes mellitus.
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