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Losartan may prevent the elevation of plasma glucose,
corticosterone and catecholamine levels induced by

chronic stress

Yagiz Uresin,* Babar Erbas,* Mebmet Ozek,* Elif Ozkok," Ali Osman Giirol®

Abstract

Introduction

Stress is a stimulus that activates the hypothalamic
pituitary adrenal (HPA) axis and sympathetic nervous
system (SNS). Increased activity of the SNS causes to
increment or impairment in blood pressure, heart rate,
body temperature and plasma glucose and adreno-
corticotrophic hormone (ACTH) levels. Angiotensin II
(Ang II), which is a product of the renin-angiotensin
system (RAS), is an important factor affecting the
activity of the SNS and responses to stress. We suggest
that the blockade of Ang II may be worthwhile in the
prevention and treatment of diabetes mellitus and
cardiovascular diseases affected by stress. Therefole;yue
investigated the effects of immobilisation strefson
blood glucose, norepinephrine (NE), epipephivhe (E)
and corticosterone levels and the effects\ofanAng 11
receptor antagonist, losartan, on these pardmeters,

Materials and methods

The rats were kept in small Eylimdyical cafes f6¢ 60
min/day for 10 consecutiye,days’to pefform thronic
immobilisation stress.qDogastdn (10 thagikg) was given
daily by gavage to beshrtah (L) and\Lobartan +
Chronic Stress (E+@S) groups\Coitrol (C) and
Chronic Stres§ (GSihgroupd recgivéd an equal volume
of saline ddily‘hygavageforN0/days. After the last
stress regitaen,blood/ynfplés were collected for
plasma glucose, NE, Bland corticosteroid
measurements.

Results

Plasma glucose, NE, E and corticosterone levels in the
CS Group increased significantly compared with the
C group. In Group L+CS, the plasma glucose, NE, E
and corticosterone levels decreased significantly vs.
Group CS. In Group L there was no significant
difference vs. Group C.

Conclusion

It can be speculated that chronic blockade of RAS
may decrease the excess sympathetic responses to stress
in cardiovascular diseases and prevent the likely
development of Type II diabetes mellitus.

Introduction

Stress is a stimulus that activates the hypothalam-
ic pituitary adrenal (HPA) axis and sympathetic
nervous system (SNS), resulting in a physiological
change or adaptation.' Physiological responses to

stressful stimuli, including the increases in blood
pressure (BP), heart rate, body temperature and
plasma concentration of adreno-corticotrophic
hormone (ACTH), can be related to the stress-
induced activation of the sympathetic nervous
system (SN§).>yThe catecholamines epinephrine
(B) and @erepinephrine (NE), produced by the
SNS, ahd, cofticosteroiils, produced by the ACTH-
stinfulated adrefia¥cortex, are the major stress hor-
yenes® Increased ¥ctivity of the SNS also plays a
rele in theléwelopment of impaired glucose and
lipid meratolism.* The alterations in glucose and
lipidsgxceabolism induced by stress may con-
trjpute to the aetiology and development of dia-
betes/mellitus and cardiovascular diseases.

The renin-angiotensin system (RAS) also par-
ticipates in the stress response. Stress increases
the production of circulating Angiotensin II (Ang
II)° and the expression of Ang II receptors in brain
areas such as the hypothalamic paraventricular
nucleus.® Based on these findings, Ang II is now
classified as an important stress hormone." Both
central''? and peripheral’*'¢ Ang II may contribute
to the activation of the SNS. Therefore, central and
peripheral Ang II is thought to be involved in the
induction of the stress responses by cooperating
with the SNS.

Ang II is mostly generated from the inactive
decapeptide Angiotensin I (Ang I) by angiotensin-
converting enzyme (ACE). There are alternative
non-ACE pathways to generate Ang II from Ang I or
directly from angiotensinogen."” Because of these
alternative, non-ACE pathways that can generate
Ang II, ACE inhibitors may not totally suppress Ang
IT production. For this reason,Ang II receptor block-
ers (ARBs) provide more specific and complete
blockade of Ang II and prevent its detrimental
actions, regardless of how it is generated.

We suggest that the blockade of Ang II may be
important in the prevention and treatment of dia-
betes mellitus and cardiovascular diseases which are
usually associated with and affected by stress.
Therefore, in this study we investigated the effects of
immobilisation stress, which is thought to be a
mixture of physical and psychological stressors, on
blood glucose, NE, E and corticosterone levels and
the effects of the ARB, losartan, on these parameters.

Materials and methods
The experiments were performed on male Wistar-
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Table 1 Plasma glucose, norepinephrine (NE), epinephrine (E) and corticosterone levels (mean+SEM) in control (C),
losartan (L), chronic stress (CS) and losartan+chronic stress (L+CS) groups

Groups Glucose Norepinephrine Epinephrine Corticosterone
(mg/dI) (pg/ml) (pg/ml) (ng/di)
Group C 126.66+4.16 1093.33+153.46 405.66+69.69 35.81+1.97
Group L 121.66+3.55 1050.0+122.47 443.33+83.41 36.48+2.32
Group CS 199.33+5.18 2916.66+260.66 2041.66+218.1 53.88+5.9
Group L+CS 144.16+3.02 1275.0+193.54 726.66+131.19 37.5+3.4
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Figure 1 Plasma glucose levels of control (C), losartan
(L), chronic stress (CS), and losartan+chronic stress (L+CS)
groups

*

_. 200 T
3
o
E
c * %
§ 150+ -
=
©
5
£ -
<]
£ 100+
v
2
o
3
3
S 50
©
£
G
k]
o
O "
C L cs L+CS |
Groups

Data were expressed as mean+SEM; n=6 per group; !
*p<0.001 vs. group C; **p<0.001 vs. group CS J

Figure 2 Plasma norepinephrine (NE) and epinephrine
(E) levels of control (O), losartan (L), chronic stress (CS),
and losartan+chronic stress (L+CS) groups
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albino rats weighing 200-2507g. The rats were
divided into four groups: ontrel (C),Losastan (L),
Chronic Stress (CS), and\Lasartan +/Chroric Stress
(L+CS).

The immobilisationsstress Wwas )performed by
putting the rats@inguiarly ir{ smyll cylindrical wire
cages (6.5 X595 \¢m, digmotesy/X length). The rats
were kepe in these cages_for 60 min/day for 10
consecutive days to-pd{form chronic stress.'

Losartan (10_ngy¥kg, a gift of Merck&Co.) dis-
solved in salipe, Was,given daily by gavage for 10
days to Group“, and Group L+CS (before the initi-
ation of the daily stress regimen). Groups C and CS
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 sacrificed by decapitation after
the last stress regimen and blood samples were
collected for plasma glucose, NE, E and corticos-
terone measurements.

Plasma glucose levels were measured by a col-
orimetric method, using a Hitachi-902 analyser. NE
and E levels were determined by high perfor-
mance liquid chromatography (HPLC), as
described by Krstulovic et al.' Plasma corticos-
terone levels were measured by a Jasco FP 750
spectrofluorometer.**'

Statistical method
All values are given as mean + S.E.M. Statistically
significant differences were assessed by one way

analysis of variance (ANOVA), followed by Tukey-
Kramer test for multiple comparisons. p<0.05 was
considered to be statistically significant.

Results

The plasma glucose levels increased significantly
in Group CS ws. Group C, and decreased signifi-
cantly in Group L+CS vs. Group CS (F[3,20]=76.7,
p<0.001).In Group L, there was no significant dif-
ference vs. Group C (Table 1, Figure 1).

The plasma NE and E levels increased signifi-
cantly in Group CS vs. Group C,and decreased sig-
nificantly in Group L+CS wvs. Group CS
(F[3,20]=22.2, p<0.001; F[3,20]=31.07, p<0.001
respectively). In Group L there was no significant
difference vs. Group C (Table 1, Figure 2).

The plasma corticosterone levels increased sig-
nificantly in Group CS vs. Group C, and decreased
significantly in Group L+CS wvs. Group CS
(F[3,20]=5.39, p<0.05). In Group L there was no
significant difference vs. Group C (Table 1, Figure
3.

Discussion
These results showed that chronic immobilisation
stress increased plasma glucose, NE, E and corti-
costerone levels in the rats. The ARB losartan sig-
nificantly prevented these increments induced by
chronic stress when given before the stress
regimen.

The role of stress has been implicated in the
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Figure 3 Plasma corticosterone levels of control (C),
losartan (L), chronic stress (CS), and losartan+chronic
stress (L+CS) groups
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development of hyperglycaemia by activating
pituitary-adrenocortical and sympathoadrenal
systems.? It has been reported that psychological
stress-related variables and insulin resistance are
correlated® and decreases in stress exposure are
associated with better glycaemic control in Type II
diabetes mellitus.*

Immobilisation stress has been shown to gause
increases in plasma NE and E levely/>*
Intracerebroventricular application. of /ARBs
inhibits the increases in plasma NE and-E levels
during stress exposure, indicating thaithe centsal
Ang II system has an excitatory/rale in sympdasher
ic responses to stress.” Armanddet al.”” found)that
pre-treatment with candegartaq, an ARB, eliminat-
ed the increase in adrenal ME and” E Concentra-
tions induced by isdgldtion stress.\On, the other
hand, it has been_shown thatsacube and chronic
stress stimulate/tije RAS todncy€ase the levels of
Ang II, both jurth€ plasmaaqd prain.”® Armando et
al. also found thit isolatian siress enhanced Ang II
receptor lexpressiop-t&/a~similar extent as occurs
during rep€dted jmwgobilisation stress.®*®

It is well kpowh that renin secretion from jux-
taglomerular &¢its.in the kidney is stimulated by
increased SNS “activity. Immobilisation stress-
induced increases in plasma renin activity in rats
are reduced by the injection of the B-adrenergic
blocker, propranolol.” Furthermore, the release of
Ang II from the vasculature was induced by f3-
adrenoceptor activation.* As a result, plasma levels
of Ang II are increased by the activation of renal
and other tissue RASs during stress exposure.?'

Corticosteroids play an essential role in the
stress response. Corticosteroid receptors are
present on sympathetic nerves.** It has been found
that corticosteroids have important effects on the
cardiovascular system owing to their augmentation
of neuronal excitability to NE. Corticosteroids also
decrease the uptake of NE by neurones, thereby
increasing NE content in tissue.” Hypercort-
isolaemia would promote insulin resistance, which
is present in chronic stress.*

These data are in accordance with our results,
in which chronic stress caused an increase in

blood glucose, NE, E and corticosterone levels,
which was prevented by the ARB losartan.

There is also clinical and experimental evi-
dence about the improving effect of losartan on
insulin sensitivity in hypertensive patients and
animals. In a clinical study, it has been reported
that losartan blocks Ang Ilinduced vasoconstric-
tion and thereby increases glucose delivery to
skeletal muscle by improving insulin sensitivity.*
Moreover, in recent large randomised clinical
trials, it has been shown that the blockade of RAS
with ramipril, losartan, and captopril decreases the
risk of development of Type II diabetes mellitus in
hypertensive patients.’**” It has also been shown
that losartan improves insulin sensitivity in hyper-
tension associated with non-insulin dependent
diabetes mellitus in rats.*

Conclusion

In conclusidon\there is a relationship between
stress, th¢ HPA axis, SNS activation and the RAS. It
is kno@a that excgss SNS and HPA axis activation
are €asilitating fadctoxs/for cardiovascular diseases
and \developienh\of Type II diabetes mellitus.
Ths)'it can, be speculated that chronic blockade
of‘the RAS¢@ay decrease the excess sympathetic
respqnses ‘o stress in cardiovascular diseases and
prevetit the development of Type II diabetes mel-
litus.
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