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AbstRACt
Accumulated evidence has shown that renin-angiotensin system has a pivotal role in stress 
responses. 
AIm: to assess the participation of At1 receptor in stress-induced modulation of motor ac-
tivity, nociception and seizure susceptibility in male Wistar rats. 
mAterIAl And methods: At1 receptor antagonist losartan was administered subcutaneously 
to rats for 10 days at a dose of 10 mg/kg either alone or as a pretreatment before chronic 
restraint stress applied for 10 days. locomotor and exploratory activity (open field test), 
the nociception (paw-pressure test) and the seizure susceptibility (pentylenetetrazol seizure 
test) were analysed.
results: Chronic restraint stress decreased motor activity and increased anxiety-like be-
haviour (grooming) while losartan pretreatment alleviated anxiety-like behaviour. chronic 
restraint stress had an antinociceptive effect in paw-pressure test and losartan pretreat-
ment abolished stress-induced antinociception. both chronic restraint stress and losartan 
showed anticonvulsant activity in pentylenetetrazol seizure test. however, drug pretreat-
ment attenuated this effect in chronically-stressed rats. 
conclusIons: Our findings suggest that the aT1 receptor is involved in the mechanism of 
stress-induced changes in anxiety-like behaviour, nociception and seizure susceptibility in 
rats.
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IntRoduCtIon

Accumulated evidence supports the viewpoint that 
renin-angiotensin system (RAS) and stress phe-
nomenon are interrelated. Stress is accompanied 
by an increase in the plasma renin activity and the 
circulation of angiotensin (Ang) II thereby contrib-
uting to the modulation of hypothalamic pituitary 
adrenal axis (HPA) and cardiovascular response 
to stress.1 Ang II receptors and, in particular AT1 
receptor subtype, are widely spread throughout the 
brain and can be found in areas responsible for the 
regulation of stress responses.2 Various studies have 
shown a distinct involvement of angiotensin recep-
tors in the effects of Ang II in restraint stress.3-6 
Restraint stress (RS) can increase the expression 
of AT1A mRNA receptors and AT1 receptor binding 
in a variety of brain areas.7 It is known that brain 
RAS, and particularly AT1 receptors, are involved in 
acute RS-induced analgesia and impaired retention.8 
Different stressful manipulations, including RS, can 

induce anticonvulsant effects in rodents.9 A putative 
role of Ang peptides in the seizure phenomenon 
and the nociception has been suggested.10-13 There-
fore, in the present study, we studied the effect of 
chronic pretreatment with AT1 receptor antagonist 
losartan on stress-induced changes in the motor 
and anxiety-like behaviour, the pain and seizure 
susceptibility in rats. 

MAteRIAl And Methods

animals

Male Wistar rats (180–200 g) were kept under stan-
dard laboratory conditions under a 12 h light/dark 
cycle (lights 07:00-19:00 h) with food and water 
provided ad libitum. The experiments were carried 
out in accordance with the guidance and general 
recommendations of Local Ethics Committee of 
Institute of Neurobiology, Bulgarian Academy of 
Sciences on the use of laboratory animals.
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treatment 
Chronically stressed rats were restrained (60 min per 
day during 10 days) in plastic transparent tubes (6 
cm inner diameter and 16 cm long). Non-stressed rats 
were left undisturbed and handled for 10 days. Four 
main groups (n=10 each) were used: non-stressed 
+ chronic vehicle (control); non-stressed + chronic 
losartan (ChronLos); chronic vehicle + chronic 
restrain stress (CRS); chronic losartan + chronic 
restrain stress (ChronLos + CRS). Subcutaneous 
(s.c.) injections of 10 mg/kg (1 ml/kg) Losartan 
potassium (Merck & Co, Inc) freshly dissolved in 
saline, or vehicle (saline, 1 ml/kg) were given to 
corresponding groups thirty minutes before every 
CRS procedure. All behavioural tests were carried 
out during the autumn between 09:00 and 12:00 
a.m. 15 minutes after the last CRS or losartan 
administration. 

open fielD test 
The procedure consisted of subjecting an animal 
for 5 min in the centre of an exploratory box (100 
x 100 cm, divided at 25 equal squares). The total 
number of squares crossed and the time of groom-
ing (in sec) were recorded. 

paw-pressure test

The pain threshold was determined with an analge-
simeter (Ugo Basile). The mechanical pressure (in 
grams) on the right hind paw eliciting pain responses 
such as withdrawal or struggle was established as 
mechanical pain threshold. 

pentylenetetraZol (ptZ) generaliZeD seiZure test 
PTZ (90 mg/kg, s.c.) (Sigma, St. Luis, Mo., USA), 
freshly dissolved in saline, was used to evaluate 
the latency (in seconds) of the generalized clonic 
and tonic-clonic seizures (GTCS). The animals 
were observed individually in plexiglass cages for 
60 min.

statistiCs

All data are expressed as mean ± SEM. Two-way 
ANOVA with factors (drug and stress) with subse-
quent post-hoc Bonferroni test was applied. Differ-
ences were considered significant at p < 0.05.

Results

open fielD test 
Two-way ANOVA revealed a significant interaction 
between factors drug and stress [F(1,32) = 14.67, 

p = 0.0006 - number of crossing; F(1,32) = 7.518, 
p = 0.01 – number of rears; F(1,32) = 17.24, p = 
0.0002 - grooming]. Both chronic restraint stress 
and losartan per se diminished the horizontal (t 
= 3.843, p = 0.001 – CRS; t = 5.981, p = 0.0001 
–ChronLos) and vertical (t = 3.259, p = 0.005 – 
CRS; t = 3.771, p = 0.002 –ChronLos) activity (Figs 
1A, B). Chronic RS increased the incidence of the 
grooming (t = 5.465, p < 0.001) whereas chronic 
losartan pretreatment alleviated this anxiety-like 
behaviour (Fig. 1C). 

paw pressure test 
Two-way ANOVA revealed a main effect of the fac-
tor stress [F(1,36) = 14.35, p < 0.0006], and drug 
[F(1,36) = 5, 352, p < 0.03] without interaction 

Values are means ± SEM, n = 10; * p < 0.05 vs 
control, # p < 0.05 vs CRS, + p < 0.05 vs CronLos.

Figure 1. Effects of chronic restraint stress (CRS), 
chronic losartan (ChronLos, 10 mg/kg daily during 
10 days) and chronic losartan pretreatment before RS 
on the ambulation (A), rearings (B) and grooming (C) 
behaviour in rats. 
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between the factors. Chronic RS induced antinoci-
ception (t = 4.061, p < 0.001). Chronic losartan 
treatment did not change the pain threshold per se. 
Chronic losartan administration before every RS 
exposure abolished stress-induced antinociception 
(t = 2.406, p = 0.03) (Fig. 2).

pentylenetetraZol-inDuCeD generaliZeD seiZures 
ANOVA showed a significant interaction between 
chronic RS and drug on the latencies for appear-
ance of seizures [F(1,35) = 48.22, p < 0.0001]. 
Post-hoc test showed a significant increase in the 
latency for clonic and GTCS in both stressed and 
drug-treated groups (p < 0.05) (Table 1). However, 
anticonvulsant effect was abolished after losartan 
pretreatment in stressed animals.

dIsCussIon

Chronic restraint stress induced a hypomobility 
in Wistar rats in accordance with previous data.15 

It was suggested that stress-induced hypoactivity 
could represent a diminished motivation to inter-
act with the environment which would explain 
the decreased exploratory behaviour after chronic 
restraint stress in our study. This is also supported 
by the finding that RS of rats increased grooming 
behaviour which may be considered a behavioural 
response that follows changes elicited by anxiogenic 
stimuli.15 The reversion of stress-induced anxiety by 
chronic losartan pretreatment in the present study 
agrees with previous data showing that chronic 
blockade of AT1 receptor alleviated stress-induced 
responses.16

Acute RS induces an opioid-dependent and 
catecholamine-mediated analgesia in different ex-
perimental models of nociception.17 We found that 
chronic RS also induced antinociception in paw 
pressure test in rats. There are data considering 
the role of Ang II and its receptors in the modula-
tion of nociception.12-14 Moreover, participation of 
AT1 receptors in the mechanism of stress-induced 
analgesia is strongly supported.8 The present study 
showed that chronic losartan treatment did not 
change the pain threshold in paw pressure test but 
it abolished the antinociception induced by chronic 
RS. So far, the effect of chronic blockade of AT1 
receptors on the stress-induced antinociception has 
not been considered. Pretreatment with AT1 receptor 
antagonist abolished stress-induced increase in AT1 
receptor binding in paraventricular nucleus and even 
decreased it under control level.2 These biochemical 
data may explain the opposite effect of losartan 
pretreatment on RS-induced antinociception. 

Chronic treatment with losartan exerted seizure-
protective effect in rats which agrees with previ-
ous data.11 Similarly, Ang II-induced increase in 
the PTZ threshold in nonstressed mice is fully 
reversed to a decrease for the three seizure phases 
in stressed mice.11 JM Saavedra et al.2 postulated 

that vulnerability to stress might 
result from an activated Ang 
II system or from a failure 
in the feedback mechanisms 
controlling the brain Ang II 
stimulation during stress. 

In summary, the selective 
AT1 receptor antagonist losartan 
modulates the stress-induced 
changes in motor activity and 
anxiety-like behaviour. Fur-
thermore, losartan reverses 
antinociceptive and anticonvul-
sant effects of chronic stress. 

treatment latency
to clonic seizures

latency
to tonic-clonic seizures

Controls 287.3 ± 22.5 544.7 ± 38.4

ChronLos 753.8 ± 3* 755.67 ± 4.4*

CRS 784.7 ± 3.7* 786.7 ± 3.4*

Losartan+stress 270.8 ± 45.66o+ 376.9 ± 70.9o+

* p < 0.05 vs control; o p < 0.05 vs ChronLos - treated group; + vs CRS-treated group.

Table 1. Effects of chronic losartan (ChronLos), chronic restraint stress 
(CRS) and combination ChronLos +CRS on the latency (in seconds) to 
generalized clonic and tonic-clonic seizures

Values are means ± SEM, n = 10;
* p < 0.05 vs control, # p < 0.05 vs CRS.

Figure 2. Effects of chronic restraint stress (CRS), 
chronic losartan (ChronLos, 10 mg/kg daily during 10 
days), and chronic losartan pretreatment before RS on 
the nociception in rats.
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Based on our results we can suggest participation 
of AT1 receptors in the feedback compensatory 
mechanism at exposure to chronic stress against 
overactivated RAS.

ACknowledgMents

This study was supported by the National Science 
Fund, Ministry of Education and Science, Bulgaria, 
contract No DTK 02/56, 2009. 

ReFeRenceS

1. Aguilera G, Kiss A, Luo X, Akbasak BS. The renin 
angiotensin system and the stress response. Ann NY 
Acad Sci 1995;771:173–86.

2. Saavedra JM, Ando A, Armando I, et al. Antistress 
and antianxiety effects of centrally acting angio-
tensin II At1 receptor antagonists. Regul Pept 
2005;128:227–38.

3. Kiss A, Jurkovicova D, Jezova D, Krizanova O. 
Changes in angiotensin AT1 receptor mRNA levels 
in the rat brain after immobilization stress and inhibi-
tion of central nitric oxide synthase. Endocr Regul 
2001;35(2):65–70.

4. Jezova D, Ochedalski T, Kiss A, Aguilera G. Brain 
angiotensin II modulates sympathoadrenal and hy-
pothalamic pituitary adrenocortical activation during 
stress. J Neuroendocrinol 1998;10(1):67–72. 

5. Leong DS, Terrón JA, Falcón-Neri A, et al. Restraint 
stress modulates brain, pituitary and adrenal expres-
sion of angiotensin II AT1A, AT1B, and AT2 recep-
tors. Neuroendocrinology 2002;75(4):227–40.

6. Saavedra JM, Ando H, Armando I, et al. Brain an-
giotensin II, an important stress hormone: regulatory 
sites and therapeutic opportunities. Ann NY Acad 
Sci 2004;1018:76–84.

7. Castren E, Saavedra JM. Repeated stress increases 
the density of angiotensin II binding sites in rat 
paraventricular nucleus and subfornical organ. En-
docrinology 1988;122:370–2.

8. Raghavendra V, Chopra K, Kulkarni S. Brain renin 
angiotensin system (RAS) in stress-induced anal- 
gesia and impaired retention. Peptides 1999;20(3): 
335–42.

9. Homayoun H, Dehpour AR. Differential contribution 
of cholecystokinin receptors to stress-induced modu-
lation of seizure and nociception thresholds in mice. 
Pharmacol Biochem Behav 2004;78:209–15.

10. Tchekalarova J, Georgiev V. Angiotensin peptides 
modulatory system: how is it implicated in the con-
trol of seizure susceptibility. Life Sci 2005:76(9): 
955–70. 

11. Tchekalarova J, Georgiev V. Ang II and Ang III 
modulate PTZ seizure threshold in non-stressed and 
stressed mice: possible involvement of noradrenergic 
mechanism. Neuropeptides 2006;40(5):339–48.

12. Georgieva D, Georgiev V. The role of angiotensin II 
and of its receptor subtypes in the acetic acid-induced 
abdominal constriction test. Pharmacol Biochem 
Behav 1999;62:229–32.

13. Pelegrini-da-Silva A, Martins AR, Prado WA. A 
new role for the renin-angiotensin system in the rat 
periaqueductal gray matter: angiotensin receptor-
mediated modulation of nociception. Neuroscience 
2005;132:453–63.

14. Prado WA, Pelegrini-da-Silva A, Martins AR. Mi-
croinjection of renin-angiotensin system peptides 
in discrete sites within the rat periaqueductal grey 
matter elicits antinociception. Brain Res 2003;972: 
335–42.

15. Stone E, Manavalan S, Zhang Y, Quartermain D. 
Beta adrenoceptor blockade mimics effects of stress 
on motor activity in mice. Neuropsychopharmacol 
1995;12:65–71. 

16. Uresin Y, Erbaş B, Ozek M. Losartan may prevent 
the elevation of plasma glucose levels induced by 
chronic stress. Pol J Pharmacol 2004;56(2):271–3.

17. Lewis JW, Cannon JT, Liebeskind JC. Opioid and 
non-opioid mechanisms of stress analgesia. Science 
1980;203:623–5.

Unauthenticated | 130.204.127.68
Download Date | 8/15/13 7:21 PM



The Effects of Chronic Losartan Pretreatment on Restraint Stress-Induced Changes in Motor Activity, Nociception 
and Pentylenetetrazol Generalized Seizures in Rats

73
Folia Medica 2011; 53(2): 69-73
© 2011 Medical University Plovdiv

ЭффЕкТы хРОНИчЕСкОгО ИНъЕцИ-
РОвАНИя лОСАРТАНОм НА вызвАН-
Н ы Е  И м м О б И л И з А ц И О Н Н ы м 
С Т Р Е С С О м  И з м Е Н Е Н И я  Д в И гА -
ТЕльНОй АкТИвНОСТИ, бОлЕвОй 
чувСТвИТЕльНОСТИ И пЕНТИлЕН-
ТЕТРАзОл-гЕНЕРАлИзОвАННых СуДО-
РОг у кРыС

Д. Пехливанова, А. Стойнев, Я. Чекаларова

РЕзюмЕ
ВВедение: В последнее время увеличиваются данные, 
показывающие, что ренин-ангиотензин система 
играет ключевую роль в сресс-индуцированных 
реакциях.

Цель: Авторы ставят себе целью исследовать 
участие АТ1 рецепторов в стресс-индуцированных 
изменениях двигательной активности, болевой и су-
дорожно-приступной чувствительностей у мужских 
крыс породы Wistar.

матеРиал и методы: АТ1 рецепторный антаго-
нист лосартан применяли на крысах подкожно в 
течение 10 дней (доза – 10 мг/кг) самостоятельно 

или как предварительное инъецирование до хрониче-
ского иммобилизованного стресса в течение 10 дней. 
Исследованы двигательная и проученная активности 
(т.е. открытое поле), ноцицепция (т.е. механическое 
давление на лапу) и судорожная чувствительность 
(т.е. пентилентетразол-индуцированные судороги).

Результаты: Хронический иммобилизованный стресс 
уменьшает двигательную активность и повышает 
состояние тревожности, в то время как лосартан 
облегчает поведение, связанное с тревожностью. 
Применен самостоятельно, хронический иммобили-
зованный стресс вызывает антиноцицептивный эф-
фект при тесте «надавливание на лапу», в то время 
как лосартан, применен до срессогена, устраняет 
стресс-индуцированную антиноцицепцию. Как хрони-
ческая иммобилизация, так и хроническое введение 
лосартана показали антиконвульсивную активность, 
но АТ1 рецепторный антагонист устраняет этот 
эффект у крыс, подвергнутых стрессу.

ВыВоды: Полученные результаты показывают, 
что АТ1 рецептор участвует в механизме стресс-
индуцированных изменений в состоянии тревожнос-
ти, ноцицепции и судорожной чувствительности 
у крыс.
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