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ABSTRACT
Introduction:Angiotensin II (ANG II) is defined as stress-related neuropeptide, with a significant role in
maintaining of blood pressure and water-salt balance but several studies showed that it participates also in stressinduced changes in nociception. We aimed to study the effects of ANG II and its selective AT1 and AT2 receptor
antagonists on the restraint stress-induced changes in nociception.
Materials and methods: Visceral model writhing test was usedin miceexposed to 2 hoursrestraintstress
(RS).Visceral pain reactions (writhes)were induced by intraperitoneally injected 1 % acetic acid.ANG II, AT1
receptor antagonist losartan and AT2 receptor antagonist PD123319 were injected intracerebroventricularly.
Results:Exposure to acuteRS decreased significantly the number of writhes. Injection of ANG II, AT1
receptor antagonist losartan or AT2 receptor antagonist PD123319 alone were not able to change stress-induced
antinociception (SIA). The antinociceptive effect of RS was augmented significantly by ANG II only when AT2
receptors were blocked.
Conclusion:These data supported the assumption that brain angiotensin receptors take a part in the
processing of information from visceral nociceptors. In spite of significant role of AT 2 receptors in the regulation
of nociception under normal condition, our data showed an impact of AT1 receptor activation on the nociception
in stress conditions.
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Introduction
Life exists by maintaining a complex dynamic equilibriumor homeostasis that is constantly
challenged byintrinsic or extrinsic adverse forces, the stressors [7]. Pacák and Palkovits (2001) define
stress as a state of threatened homeostasis [21]. During stress, a wide range of behavioral and
physiological adaptive responses of the organism is activated to sustain homeostasis. These
compensatory adaptive stress responses in all vertebrates are the activation of the hypothalamicpituitary-adrenal and sympatho-medullo-adrenal axis. Acute restraint stress (RS) induces anopioiddependent and catecholamine-mediated antinociception in different experimental models [18].
Considerable evidence supports an important role for the brain renin–angiotensin system (RAS)
in the control of stress-induced physiologies [2, 35]. The decapeptide ANG I formed by the protease
renin acting upon the amino terminal of angiotensinogen, serves as a substrate for angiotensin
converting enzyme to form ANG II [16]. ANG II is an active ligand and performs its functions by the
AT1 and AT2 receptor subtypes [1, 9, 12, 19, 28, 29].
Although the main effects of ANG II are related to the well-known central actions as
maintenance of salt and volume homeostasis, blood pressure control, release of pituitary hormones, and
control of behavioural responses like thirst and drinking [33, 34], ANG II is also defined as stressrelated neuropeptide with expressed effects on the nociception. Several studies showed that it exerted
antinociceptive effects in different experimental pain models [13, 28] and participates in stress-induced
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changes in nociception [23]. ANG II injected intracerebroventricularly (icv) showed an opioiddependent antinociception [17]. Recently, we have shown that selective AT1 receptor blocking was
able to diminished chronic restraint stress-induced antinociception (SIA) [23].
Although the AT1 receptor antagonists, in particular losartan, are widely used as antihypertensive
drugs, no attention has been directed to the interaction between restraint stress, ANG II and nociceptive
abdominal constriction test. Therefore, the aim of our study was to study the effects of ANG and its
selective AT1 and AT2 receptor antagonists, losartan and PD123319, on the restraint stress-induced
changes in nociception.
Material and methods
Animals and housing: The experiments were carried out on male albino mice ICR strain (18–20
g) bred in an air-conditioned room at a temperature of 24 ± 1oC with food and water available ad
libitum except during the experiments. All tests were conducted between 09:00 and 12:00 h.
The experimental procedures were approved by local ethic committee of Institute of
Neurobiology, Bulgarian Academy of Sciences which are fully in accordance with EC Directive
2010/63/EU for animal experiments.
Drugs and treatment: Acetic acid diluted with distilled water to a concentration of 1% was
administered intraperitoneally (ip). Selective AT1 receptor antagonist losartan was kindly gifted by
Merck & Co. Inc. AT2 receptor antagonist PD123319 and ANG II were obtained by Sigma-Aldrich,
dissolved in saline and injected (icv) in a total volume of 5 µl/mouse (2.5 µl/per side in combination of
two drugs). The injections were given free hand directly into the lateral cerebral ventricle of conscious
mice [16] using Hamilton microsyringe with total volume of 10 µl. The injection coordinates were 3
mm caudal to the right coronary suture and 2.5 mm lateral to the midline into a depth of 3 mm from the
scalp. The equivalent volume of vehicle was administered to the control groups.
Animals were randomly divided into seven groups: 1. Control group injected with saline; 2. RS
group injected with saline; 3.ANG II (0.1 µg/mouse) injected 15 minutes before RS; 4. Losartan (50
µg/mouse) injected 15 minutes before RS; 5.PD123319 (10 µg/mouse) injected 30 minutes before RS;
6. Losartan injected 5 min before ANG II and 20 minutes before RS; 7. PD123319injected 15 minutes
before ANG II and30 minutes before RS. Each group consisted of 10 to 12 mice.
Acute model of restraint stress (RS): The mice were placed for 2 h in plastic tubes (25 mm inner
diameter and 10 cm long) with suitable ventilation at one end and with the other side closed off by
plastic tape so that they were unable to move.
Acetic acid-induced abdominal constriction test: Immediately after injection of the 1%acetic acid
(10 ml/kg, ip), the mice were placed in individual cages and the number of specific abdominal
constrictions (writhes) of each mouse was countedat 5-min intervals for 30 minutes. The mice with
decreased number of writhes were considered protected by the test agent [8].
Statistical analysis: The data were analyzed by a multifactor analysis ofvariance (ANOVA),
followed by the Bonfferoni post hoc test. All values are presented as mean ± standard error of the mean
(SEM). Differences between the experimental groups were considered to be significant if P ≤ 0.05.
Results
Exposure to 2h RS produced a significant antinociceptive effect (SIA) on visceral reactions
during the whole period of observation [t = 14.822, p <0.001] vs control group (Fig. 1, 2,3). Icv infused
ANG II 15 min before RS only temporary diminished SIA on 10thmin after the injection of the irritant
[t = 2.098, p< 0.05], while AT1 receptor antagonist losartan showed significant and more pronounced
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anti-SIA effect [t = 5.261, p <0.001] (Fig. 1).

Fig. 1. Time course for the effects of 2 hours restraint stress (2h RS), ANG II (0.1 µg/mouse, icv) and losartan
(50 µg/mouse, icv) on the writhing responses induced by 1% aceticacid (1 ml/kg, ip). The number of abdominal
constrictions (mean ± SEM) was measured for 30 min. *P < 0.05 vs. control; #P < 0.05 losartan + RS vs RS; P
< 0.05 of + ANGII + RS vs RS.

AT2 receptor antagonist PD 123319 injected 30 min before RS produced a short-term anti-SIA
effect at the beginning of the observation (first 15 min) and further did not influencedsignificantly the
effect of restraint stress [t = 1.519, p > 0.05] (Fig.2).
Pretreatment with a selective AT1 receptor antagonist losartan augmented significantly the antiSIA effect of ANG II [t = 4.390, p<0.001], while pretreatment with selective AT2 receptor antagonist
PD 123319 did not influenced significantly the ANG II-induced SIA diminishment [t = 1.510, p >
0.05]. PD even abolished ANG II-induced effect on 10thmin after the beginning of observation (Fig.3).
Discussion
Stress-induced antinociception or SIA is an in-built mammalian pain-suppression response that
occurs during or following exposure to a stressful or fearful stimulus [5]. Several factors have been
reported to induce analgesia due to stress. One of them is immobilization which evokes the orchestrated
interplay of several neurotransmitter systems in the brain underlies the characteristic phenomenology of
behavioral, endocrine, autonomic and immuneresponses to stress. Among these transmitters are
corticotropin-releasing hormone (CRH), arginine-vasopressin (AV), adrenocorticotrophin hormone
(ACTH), opioid peptides, catecholamines (dopamine, adrenaline, noradrenaline) [10, 30]. The present
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results emphasized the impact of acute restraint stress, similarly to another type of stressful stimuli, on
the peripheral visceral nociception [17].

Fig. 2. Time course for the effects of 2 hours restraint stress (2h RS), ANG II (0.1 µg/mouse, icv) and PD 123319
(10 µg/mouse, icv) on the writhing responses induced by 1% aceticacid (1 ml/kg, ip). The number of abdominal
constrictions (mean ± SEM) was measured for 30 min. *P < 0.05 vs. control; #P < 0.05 of PD + RS vs RS; + P
< 0.05 of ANGII + RS vs RS.

Considerable evidence supports an important role of the brain RAS in the control of stressinduced physiologies. The application of stressors elevated circulating and brain levels of renin and
ANG II [ 26, 35]. Stress also up-regulates the expression of AT1 receptors both within the PVN where
CRH cell bodies are located [6, 31], and in the anterior pituitary [17]. During the stress, synthesized
within the anterior pituitary ANG II facilitates release of ACTH [11]. Thus, stress-induced upregulation
of PVN AT1 receptors appears to provoke CRH synthesis that precludes the facilitation of ACTH
release and elevated adrenal corticoid secretion. Short periods of isolation stress have been shown to
elevate AT1 receptor expression in the PVN, along with correlated elevations in pituitary ACTH,
adrenal corticosterone, catecholamines, and aldosterone. Nishimura et al. (2000) have shown that
peripheral treatment with the AT1 receptor antagonist, candesartan, decreased AT1 receptor binding
following isolation both in the anterior pituitary and adrenal glands, and in the PVN. This treatment
also interfered with expected elevations of pituitary ACTH and adrenal corticosterone [21].
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Fig. 3. Time course for the effects of 2 hours restraint stress (2h RS), combinations of Losartan + ANG II and
PD 123319 + ANG II on the writhing responses induced by 1% aceticacid (1 ml/kg, ip). The number of
abdominal constrictions (mean ± SEM) was measured for 30 min. *P < 0.05 vs. control; #P < 0.05 vs ANG+RS.

Another putative mechanism by which ANG II participate in SIA is opioidergic. The antinociceptive
effect of both ANG and RS was successfully abolished by the systemic injection of AT1 receptor
antagonist losartan and opioid antagonist naloxone [27]. Recently, we have shown that chronic RSinduced antinociception also is diminished by systemically injected losartan in model of phasic pain
[23]. Our present data support the theory that the octapeptide Ang II takes a part in visceral stressinduced antinociception and its effect is related mainly to activation of AT1 receptor type. This
statement is supported by the demonstrated anti-SIA effects of losartan which was augmented with
additional injection of exogenous Ang II. The selective blocking of AT2 receptor by PD 123319 had
negligible effect on SIA both, when it was injected alone and also in combination with Ang II.
Our previous data showed that ANG II exert significant antinociceptive effect in writhing test,
that was due to activation of AT2 receptor subtype and blocking of AT1 receptors additionally enhance
this effect perhaps by removal of the inhibitory interactions between two receptors [13]. These data
were further enriched by established antinociceptive effect of a selective AT2 receptor agonist CGP
42112A in another acute pain model [24]. We can explain different action of AT1 and AT2 receptor
subtypes with their different distribution in brain regions, and their different intracellular mechanism of
action often related to opposite physiological effects. Taken together, we might suggest that brain ANG
II plays a complex role in the regulation of visceral pain, and modulates different systems responsible
for SIA.
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Comparing the present data with our previous studies, we can assume that under normal conditions AT2
receptors are predominantly important for visceral nociception. However the acute physical stress
activated other mechanisms in which the AT1 receptors have a greater role.
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