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62

 

(2) 229–232, 1999.—The effects of angiotensin II (AngII),
the AngII analogues saralasin—[Sar

 

1

 

, Ala

 

8

 

]AngII, sarmesin—[Sar

 

1

 

Tyr(Me)

 

4

 

]AngII, the nonpeptide AngII receptor antago-
nists DuP753 (losartan) (for AT

 

1

 

 receptor subtype) and PD123319 (for AT

 

2

 

 receptor subtype), as well as combinations of An-
gII and each of its analogues and receptor antagonists, administered intracerebroventricularly (ICV), were studied on mice
using the acetic acid-induced abdominal constrictions test (acetic acid 1% intraperitoneally, IP). The abdominal constrictions
were counted at 5-min intervals for 30 min. AngII at doses of 0.05, 0.1, and 1 

 

m

 

g exerted a dose-dependent antinociceptive ef-
fect. Saralasin, sarmesin, losartan, and PD123319 exhibited a dose-dependent effect on nociception: they either increased or
decreased it. PD123319 antagonized the antinociceptive effect of AngII while losartan was ineffective. The importance of
AT

 

2

 

 receptor subtype for the nociception reducing effect of AngII is considered. © 1999 Elsevier Science Inc.
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THE octapeptide angiotensin II (AngII) participates in mem-
brane functions, maintenance of salt and volume homeostasis,
blood pressure control, release of pituitary hormones, and
control of behavioral responses like thirst and drinking (14).
In addition to these well-known central actions AngII injected
intracerebroventricularly (ICV) enhances exploratory behav-
ior and locomotor activity, improves learning and memory
(4,5), increases the threshold of seizures, and decreases the in-
tensity of PTZ-kindled seizures (6). Renin and AngII admin-
istered ICV exert analgesic effects in rats (a short-lasting
increase of latency in the tail-flick test). The stress-induced
analgesia is usually accompanied by a release of renin–angio-
tensin, and is decreased by saralasin and naloxone (9,10). The
central effects of AngII are mainly realized via two receptor
subtypes, i.e., AT

 

1 

 

and AT

 

2

 

, which are differently distributed
in the brain regions (14). The AT

 

1

 

 receptor subtype is blocked
by losartan (DuP 753), and the AT

 

2

 

 receptor subtype, by
PD123319. The present work was undertaken to further eval-
uate the role of AngII, and particularly of its receptor sub-

types (AT

 

1

 

 and AT

 

2

 

) in nociception. The effects of the AngII
analogues as well as saralasin ([Sar

 

1

 

, Ala

 

8

 

]AngII) and sarmesin
(Sar

 

1

 

, Tyr (Me)

 

4

 

]), AT

 

1

 

 receptor antagonist losartan and AT

 

2

 

receptor antagonist PD123319, were also studied.

 

METHOD

 

Animals

 

The experiments were conducted on male albino mice ICR
strain (18–20 g), obtained from the breeding house of the Bul-
garian Academy of Sciences, in an air-conditioned room at a

 

temperature of 24 

 

6

 

 

 

1

 

8

 

C. Food and water were available ad
lib except during hte experiments. All tests were performed
between 0900 and 1200.

 

Drugs

 

Acetic acid (diluted with distilled water) at a concentration
of 1% was administered in the volume 2of 0.1 ml/10 g/b.wt.,
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IP, Angiotensin II (Ciba-Geigy Pharmaceuticals), saralasin
([Sar

 

1

 

, Ala

 

8

 

]AngII), and sarmesin (Sar

 

1

 

, Tyr (Me)

 

4

 

]AngII;
generously supplied by J. Matsoukas, Department of Chemis-
try, Patras University, Patras, Greece), losartan (DuP 753,
2-n-butyl-4-chloro-5 hydroxymethyl-1-[2-(1H-tetrazol-5-yl)
biphenyl-4-yl) methyl] imidazole potassium salt; generously
supplied by Dr. R. D. Smith, Du Pont Merck, Wilmington,
DE), and PD123319 (1-[-4-(dimethylamino)-3-methylphenyl]
methyl]-5-diphenylacethyl)-4,5,6,7-tetrahydro 1H-4imidazo
[4,5 c]pyridine-6 carboxylic acid, ditrifluoroacetate, dihydrate;
Parke-Davis, Ann Arbor, MI) were dissolved in 0.9% using
an injection volume of 10 

 

m

 

l. The injections were given free
hand directly into the right cerebral ventricle of conscious
mice (8). 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 vehi-
cle was administered to the control groups. Each group con-
sisted of 10 to 12 mice.

 

Acetic Acid-Induced Abdominal Constriction Test

 

The mice were placed in individual cages and the number
of abdominal constrictions (writhings) of each mouse were
counted at 5-min intervals for 30 min. AngII, saralasin, sarmesin,

FIG. 1. Time course for the antinociceptive effect coused by ICV
treatment of animals (male mice) with AngII on the writhing
responses (abdominal constrictions) induced by IP injection of acetic
acid. The number of abdominal constrictions (mean 6 SEM) was
measured for 5 min (at each 5-min interval) for the whole period of
measurement (30 min). The control values are from animals injected
ICV with the vehicle (n 5 12). The asterisks (*) denote the significant
difference from the control group.

FIG. 2. Time course for the effect of of ICV treatment of animals (male mice) with saralasin, Sar (a), combination of AngII with Sar (a9),
sarmesin, Sarm (b), and combination of AngII with Sarm (b9), on the writhing responses (abdominal constrictions) induced by IP injection of
acetic acid. The number of abdominal constrictions (mean 6 SEM) was measured for 5 min (at each 5-min interval) for the whole period of mea-
surement (30 min). The control values are from animals injected ICV with the vehicle (n 5 12). The asterisks (*) denote the significant differ-
ence from the control group (0p , 0.05 vs. saralasin; 1p , 0.05 vs. AngII).
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and losartan (DuP753) were injected 10 min and PD123319 30
min before acetic acid. Counting of abdominal constrictions
started immediately after injection of acetic acid. The mice
with decreased number of writhings were considered pro-
tected by the test agent (3). The experimental procedurers
were carried out in accordance with institutional guidelines
and general recomendations on the use of animals for scien-
tific purposes.

 

Statistical Analysis

 

The data were analyzed by a multifactor analysis of vari-
ance (one-way ANOVA), followed by Duncan test for com-
parison of differences at 

 

p

 

 

 

,

 

 0.05.

 

RESULTS

 

The data revealed that AngII at doses of 0.05, 0.1, and 1 

 

m

 

g
exerted a significant dose-dependent antinociceptive effect,
which was particularly pronounced with the dose of 1 

 

m

 

g. (Fig.
1). The ANOVA showed that saralasin at a dose of 0.2 

 

m

 

g sig-
nificantly decreased the number of writhings at 0–5-, 15–20-,
20–25-, and 25–30-min intervals. Saralasin, at a dose of 0.5 

 

m

 

g,
also significantly decreased the number of writhings at the 0–

5-min interval, while at the 5–10 min interval saralasin signifi-
cantly increased the number of writhings. Saralasin, at a dose
of 1 

 

m

 

g, was without effect (Fig. 2a). Saralasin (0.5 

 

m

 

g) admin-
istered 5 min before AngII (0.1 

 

m

 

g) antagonized the antinoci-
ceptive effect of AngII at the 5–10-min interval only (Fig.
2a

 

9

 

). The time course of the response to sarmesin is shown in
Fig. 2b. The ANOVA revealed that sarmesin at a dose of 0.5

 

m

 

g significantly decreased the number of writhings at the 0–5-
min interval and then slightly increased it at the 10- to 30-min
interval. Sarmesin, at a dose of 1 

 

m

 

g, significantly decreased
the number of writhings at the 0–5- and 5–10-min intervals.
Sarmesin, at a dose of 5 

 

m

 

g, exerted a particularly pronounced
antinociceptive effect during the whole 30-min period.
Sarmesin (0.5 

 

m

 

g), administered 5 min before AngII (0.1 

 

m

 

g),
significantly reduced the antinociceptive effect of AngII at the
10–30-min interval (Fig. 2b

 

9

 

). The ANOVA revealed that
losartan, at a dose of 10 

 

m

 

g, significantly increased the number
of abdominal constrictions at the 5–10- and 25–30-min inter-
vals, while at doses of 25 and 50 

 

m

 

g it significantly decreased
the number of writhings for all the intervals (Fig. 3a). Losar-
tan (25 

 

m

 

g), injected 5 min before AngII (0.1 

 

m

 

g), failed to an-
tagonize the effect of AngII (Fig. 3a

 

9

 

). Figure 3b shows the ef-
fect of PD123319 on the writhing responses. The ANOVA

FIG. 3. Time course for the effect of of ICV treatment of animals (male mice) with losartan, los (a), combination of AngII with los (a9),
PD123319, PD (b), and combination of AngII with PD (b9), on the writhing responses (abdominal constrictions) induced by IP injection of acetic
acid. The number of abdominal constrictions (mean 6 SEM) was measured for 5 min (at each 5-min interval) for the whole period of measure-
ment (30 min). The control values are from animals injected ICV with the vehicle (n 5 12). The asterisks (*) denote the significant difference
from control group. 0p , 0.05 vs. losartan or PD; 1p , 0.05 vs. AngII.
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showed that PD123319 at a dose of 1 

 

m

 

g significantly de-
creased the number of writhings within 0–5 min, but at doses
of 5 and 10 

 

m

 

g increased it at the 5–10-min and 10–15-min in-
tervals. PD123319 (10 

 

m

 

g), injected 5 min before AngII (0.1

 

m

 

g), abolished the effect of AngII during the whole period of
observation exept the time of 20–25 min (Fig. 3b

 

9

 

).

 

DISCUSSION

 

The main finding of the present study is the well-pro-
nounced dose-depending antinociceptive effect of AngII. The
effects of saralasin, sarmesin, losartan, and PD123319 on noci-
ception in the acetic acid-induced abdominal constriction test,
as well as the influence of these agents on the antinociceptive
effect of AngII, suggest the participation of AngII receptor
subtypes. Sarmesin proved to be a stronger antagonist than
saralasin, because its influence on the antinociceptive effect of
AngII was more pronounced. In an earlier work of ours (7)
sarmesin has also been found to antagonize the inhibitory ef-
fect of AngII (0.1 

 

m

 

g) on exploratory behavior (ambulation
and rearing) and on apomorphine stereotypy. Sarmesin and
saralasin bind to different regulation sites on the AngII recep-
tor. Saralasin, as a peptide analogue of AngII, performs as a
partial agonist (12); a partial agonistic action of saralasin on
nociception was observed in the present study also. We have
data to show that saralasin behaves as an AngII agonist in re-
tention of active avoidance paradigm (5), and in defensive
burying behavior (13). AT

 

1

 

 and AT

 

2

 

 receptor subtypes are
distributed in different brain areas some of them being related
with nociception (14). In the present experiments, PD123319
alone exerted a writhings-increasing effect, but when adminis-

tered before AngII PD123319 abolished its antinociceptive ef-
fect. This suggests interaction with AT

 

2

 

 receptors. It is not
quite clear whether the effects of AngII and its interaction
with Ang receptor antagonists are due to global sedation.
There are data in the pertinent literature that the phe-
nilquinone-induced writhing, which is rather similar to the
acetic acid-induced abdominal constriction, is sensitive to sed-
ative drugs (2). Losartan is known to be an anxiolytic drug
without sedative effects in mice (1). PD123177 (a drug similar
to PD123319) does not show any anxiolytic activity (1,12).
Noteworthy is the finding that AngII (0.1–10 pmol or 0.1–10
ng), injected ICV in mice has no effect on nociception but
dose dependently attenuates the morphine-induced analgesia
in tail-pinch and hot-plate tests (11). Saralasin (1 pmol or 0.9
ng), which alone has no analgesic effect in these tests, potenti-
ates the morphine-induced analgesia (11). The differences be-
tween the present results and those of the above-cited authors
could be due to the different doses and nociception tests used.

In conclusion, AngII influences nociception in the acetic
acid-induced abdominal constriction test, i.e., it dose depen-
dently decreases the number of writhings. The finding that
PD123319 antagonizes the antinociceptive effect of AngII and
that losartan does not influence this effect of AngII suggests
the importance of the AT2 receptor subtype for nociception.
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