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Abstract 

Lately it has been accepted that a complete separate brain renin - angiotensin system (RAS) exists and is being implicated, as 
our group previously demonstrated, in superior and complex functions such as memory, emotional manifestations related for 
example to anxiety or pain processing. There is also a lot of controversial data regarding the implications of brain RAS and 
especially on the inhibition of formation and action on angiotensin II receptors (Ang II) in memory processes: while some 
authors reported negative effects of this neuropeptide on the cognitive functions, some described positive effects or no effects 
at all. In this context, in the present paper we decided to study the effects for different doses of captopril, losartan and 
ramipril on memory and anxiety-related manifestations, as determined in some specific behavioural tests such as Y maze, 
elevated plus maze or open field in mice. In summary, we report here that the inhibition of angiotensin II with different doses 
of captopril, losartan and ramipril affects anxiety manifestations especially in open field task (modified time spent in the 
centre of the maze, crossing, stretching behaviour and grooming) and elevated plus maze (affected head dipping), but has no 
effect on immediate memory in mice (as seen by the percentage of spontaneous alternation in Y maze). These results 
highlight once again the need for further studies on how certain doses of specific angiotensin-converting enzyme (ACE) 
inhibitors are affecting the memory and anxiety-related manifestations. 
 
Rezumat 

Este general acceptată noțiunea existenței unui Sistem Renină-Angiotensină (SRA) cerebral care este implicat în funcții 
superioare și complexe precum memoria, manifestările emoționale legate de anxietate sau de procesarea durerii. Există date 
controversate în ceea ce privește implicațiile SRA cerebral și mai ales în ceea ce privește blocarea angiotensinei II în 
procesele de memorie: unii autori au raportat efecte negative ale acestui neuropeptid asupra funcțiilor cognitive, iar alții au 
descris fie efecte pozitive, fie nici un efect. În acest context, în lucrarea de față am decis să studiem efectele asupra memoriei 
și manifestărilor de tip anxios ale diverselor doze de captopril, ramipril și losartan, determinându-le cu ajutorul testelor 
comportamentale specifice de tip Y-maze, elevated-plus maze sau open field, la șoareci. În concluzie, se poate spune că 
inhibarea sintezei și receptorilor pentru angiotensină II cu diverse doze de captopril, losartan și ramipril afectează 
manifestările de tip anxios mai ales la nivelul testului câmpului deschis (alterarea timpului petrecut în centrul câmpului, 
traversării, comportament de stretching sau grooming) și în labirintul elevated-plus (afectarea coborârii capului), dar nu are 
efect asupra memoriei de scurtă durată la șoareci (observat prin numărul de alterări spontane la labirintul Y). Aceste rezultate 
subliniază din nou necesitatea continuării studiilor asupra mecanismelor prin care inhibitorii specifici de enzimă de conversie 
a angiotensinei sau antagoniști ai receptorilor angiotensinei afectează manifestările anxioase sau memoria. 
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Introduction 

Angiotensin II (Ang II) is an octapeptide produced 
from the angiotensinogen substrate through sequential 
enzymatic cleavages by renin and ACE [39]. ACE is 
a circulating enzyme that also degrades bradykinin 
to inactive fragments, reducing the serum levels of 

endogenous vasodilators [10]. The circulating Ang II 
contributes to increased blood pressure and influences 
renal tubules to retain sodium and water [25, 30]. 
Even more, the literature describes the presence of 
RAS components in several organs such as the 
heart [42], kidney [26] and brain [30]. Other studies 
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reported the presence of RAS in the reproductive 
[37], lymphatic system [21] or even in the adipose 
tissues [24]. The local RAS has different functions 
in each organ and it can operate or independently, 
as in the adrenal glands and brain, or in close 
interaction with other circulating RAS, as regarding 
the case of the heart and kidney. 
As mentioned, lately there is also known and generally 
approved that a complete separate brain RAS exists, 
with all its precursors and metabolites, being involved 
in superior and complex functions such as memory 
[3, 15], emotional processes (e.g. anxiety) [2, 16] or 
nociceptive processing [1]. 
Thus, various publications and previous reports tried 
to determine the effects of Ang II and its blockers on 
memory functions, with a variety of controversial 
results: while some authors reported negative effects 
of this neuropeptide on the cognitive functions [5, 
20], some described positive effects (especially the 
works of Braszko group in Białystok) [6, 7, 9] or no 
effects at all [35]. Also, Ang II seems to be 
implicated in anxiety-related manifestations, with 
some controversial effects again, reports demonstrating 
that blocking angiotensin II will result in anxiolytic 
[8], opposite anxiogenic [31] or no clear and replicable 
effect at all on anxiety [35]. 
In this context, in the present paper we decided to 
study the effects of different doses of captopril (10 
and 25 mg/kg body weight (b.w.)), losartan (10 and 
20 mg/kg b.w.) and ramipril (2 and 4 mg/kg b.w.) 
on memory and anxiety-related manifestations, as 
determined in some specific behavioural tests such as 
Y maze, elevated plus maze or open field in mice. 
 
Materials and Methods 

Animals 
This study was conducted on 72 mice, which were 
randomly divided into nine groups consisting of eight 
animals each. The animals were housed in groups 
of eight per cage and kept in a room with controlled 
temperature (22°C) and a 12:12 h light/dark cycle 
(starting at 08:00 h), with food and water ad libitum. 
Three hours before administration all access to food 
and water was stopped. 
All the drug solutions were prepared extempore 
before use. Captopril (10 and 25 mg/kg b.w.), 
groups 1 and 2; losartan (10 and 20 mg/kg b.w.), 
groups 3 and 4; ramipril (2 and 4 mg/kg b.w.) 
groups 5 and 6 were administered by oral gavage 
(suspended in 0.1% sodium carboxymethyl cellulose). 
Also, scopolamine (Sigma), as a classical drug for 
inducing memory deficits, was injected in a dose of 
0.5 and 1 mg/kg b.w., groups 7 and 8, administered 
intraperitoneally, dissolved in 0.9% saline. The 
ninth group was the control group. The mice in this 
group also received oral 0.1 % sodium carboxy-
methyl cellulose, 0.2 mL/10 g b.w.. All substances 

were administered in single dose, followed by 
testing at 1 hour after administration. All tests were 
performed beginning with 10 am. 
The animals were treated in accordance with the 
guidelines of animal bioethics from the Act on 
Animal Experimentation and Animal Health and 
Welfare Act from Romania and all procedures were in 
compliance with the European Communities Council 
Directive of 24th November 1986 (86/609/EEC). 
Efforts were made to minimize animal suffering and 
to reduce the number of animals used. The behavioural 
tests used in this study were: the Y-maze test, the 
elevated plus maze and the open field test. 
Y-maze task 
We used the Y-maze task to assess the short-term 
memory, by counting the spontaneous alternation 
behaviour in the maze. The Y-maze used in the 
present study consisted of three arms (35 cm long, 
25 cm high and 10 cm wide) and a triangular central 
area. When the experiment begun, the mouse was 
placed at the end of one arm and allowed to move 
freely through the maze for 8 min. One arm entry 
was considered to be completed when the hind 
paws of the mouse were completely within the arm. 
It is important to be mentioned that the maze was 
cleaned with alcohol-free disinfectant wipes between 
each trial in order to eliminate olfactory cues from 
previous test subjects. 
Spontaneous alternation behaviour is defined for 
this animal model when the mouse entries into all 
three arms on consecutive choices. Spontaneous 
alternation behaviour is considered to reflect the 
spatial working memory, which is considered to be 
a form of short-term memory. 
Elevated plus maze 
The elevated plus maze was the second animal 
model used. This test is considered to be one of the 
most popular tests of all currently available for 
measuring the anxiety in animal models [14, 33]. This 
test has been used for screening and phenotyping 
transgenic and knockout mice and for drug discovery 
[19]. The elevated plus maze test has been proved 
to have a strong predictive validity for screening 
anxiolytic drugs [27, 33]; anxiolytic drugs specifically 
increase and anxiogenic drugs should decrease, the 
number of entries into the open arms and the time 
spent there. Total entries score is also considered an 
index of anxiety, and the percentages of entries and 
time spent in each arm becomes the index of primary 
anxiety. The open and closed arms are considered to 
induce the same exploratory drive; therefore, avoidance 
of the open arms is considered to be a result of 
higher levels of anxiety. It is thought that the 
reluctance of mice to explore the open arms of the 
maze is caused by fear of open and elevated spaces. 
The measures of the elevated plus maze test was 
recorded by an observer during the experiment. 
Number of entries onto the open arms versus number 
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of total arm entries, and time spent on the open 
arms versus closed arms, provided the measures of 
anxiety-like behaviour. 
Open field   
The third and the last model we used in this study 
was the open field model for measuring anxiety in 
mice. The open field apparatus we used in this 
experiment was constructed of white plywood and 
measured 72 x 72 cm with 36 cm walls. One of the 
walls was made from Plexiglas, so mice could be 
visible in the 2 apparatus. The lines were drawn on 
the floor of the apparatus in such way that they 
were visible through the Plexiglas floor. The lines 
were drawn exactly to divide the floor into sixteen 
18 x 18 cm squares. A central square having the 
same dimensions as the other squares (18 cm x 18 
cm) was drawn in the middle of the open field as it 
was recommended in the literature [11]. The central 
square is used because it has been observed that 
some mice present high locomotor activity and they 
cross the lines numerous times during a single 
session. Also, other studies recommend that the central 
square has to have sufficient space surrounding it 
for the reason to give more importance to the 
central location as being distinct from the outer 
location [13, 17]. 
The behaviours were scored in exact concordance 
with the recommendations of the authors [11]. The 
first ethological measure on this test was considered 
to be the Line Crossing (LC). This variable was 
measured as frequency with which the mice crossed 
one of the grid lines with all four paws. The second 
one was the Centre Square Entries (CSE). A central 
square entry was considered to be completed when 
the mice crossed one of the red lines with all four 
paws into the central square. The Center Square 

Duration (CSD) was considered the time the mice 
spent in the central square. The Rearing (R) was 
measured as the frequency according with the mice 
stood on their hind legs in the maze. A Stretch 
Attend Posture (SAP) was considered in the 
moment in which the animal demonstrated forward 
elongation of the head and shoulders followed by 
retraction to the original position. The head dipping 
time (HDT) represents the elongation of the neck 
and of the shoulders in an exploratory posture, 
which is representative for the lack of anxiety. The 
Grooming (G) was quantified as the time the animal 
spent licking or scratching itself while being stationary. 
The duration in which the mouse was completely 
stationary was quantified as Freezing (F). And 
finally, Urination (U) was measured as the number 
of puddles or streaks of urine and Defecation as the 
number of faecal boluses produced. 
Data analysis 
The animal's behaviour in Y maze, open-field and 
elevated plus maze were statistically analysed by 
using one-way analysis of variance (ANOVA). All 
results are expressed as mean ± SEM. Post hoc analysis 
was performed using Tukey's significant difference 
test in order to compare groups. F values (for which 
p < 0.05) were regarded as statistically significant. 
 
Results and Discussion 

Regarding the behavioural performance of mice in 
Y-maze task, we observed a group difference in 
terms of spontaneous alternation, although not a 
statistically significant one (p = 0.068), suggesting 
that the administered drugs had no significant 
effects on short term spatial memory (Figure 1). 

 

 
Figure 1. 

The effects of different doses of captopril, losartan, ramipril and scopolamine on spontaneous alternation in the 
Y maze task. The values are mean ± S.E.M. (n = 8 animals per group) 
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We found no significant difference when we compared 
the control group with each drug administered group 
regarding the number of spontaneous alternations. 
More so, there were no significant differences when we 
compared the groups of mice which were administered 
the same drug, but in a different dose (Figure 1). In 
addition, when comparing the ACE inhibitors groups 
(both doses of captopril and ramipril) with both losartan 
(as Ang II 1 receptors blocker (AT 1)) doses, no 
significant modifications were observed for the 
number of spontaneous alternations in Y maze. 
When we analysed the data from the open field test, 
regarding the variable time spent in the centre there 
was a significant difference between all the 9 

groups (p < 0.01). Likewise, regarding the time 
spent in the centre, we noticed a significant increase 
for the losartan10 group (p = 0.017), losartan20 
(p = 0.003), ramipril2 (p = 0.002), ramipril4 (p = 0.002) 
and for the captopril25 group (p = 0.009) when 
compared to control group, suggesting significant 
effects on anxiety-like manifestations. Also, when 
we compared the ACE blockers vs. the Ang II 
receptor blocker we could only see a significant 
difference (p = 0.043) between captopril10 group 
and losartan20 (Figure 2). 
Regarding the crossing variable from the same open 
field test, there were significant differences 
between all nine groups (p < 0.001) (Figure 3). 

 

 
Figure 2. 

The effects of different doses of captopril, losartan, ramipril and scopolamine on the centre time in the open field task. 
The values are mean ± S.E.M. (n = 8 animals per group), * p < 0.01 vs. control group, ** p < 0.001 vs. control group 

 

 
Figure 3. 

The effects of different doses of captopril, losartan, ramipril and scopolamine on the crossing behaviour in the 
open field task. The values are mean ± S.E.M. (n = 8 animals per group), **p < 0.001 vs. control group 
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However, when we compared the results of each drug 
administered group with the control group, only the 
scopolamine groups scores were significantly different 
(p < 0.001 for both scopolamine0.5 and scopolamine1). 
In fact, scopolamine was cited before for having 
such increased locomotor manifestations [38]. In 
addition, we have to mention that comparing the 
results obtained by the groups of animals treated with 
both doses captopril and ramipril (ACE blockers) vs. 
both doses of losartan (AT inhibitor), resulted in no 
significant difference, for every combination of these. 

When we analysed the number of stretches performed 
by the mice, there was also a significant difference 
in the overall effect of the drugs (p = 0.008) (Figure 4). 
There was also a significant increase in the number of 
observed stretches when we compared the control 
group with losartan20 (p = 0.012), ramipril4 (p = 
0.0016), captopril25 (p = 0.003), scopolamine0.5 (p = 
0.001) and scopolamine1 (p < 0.001). Moreover, 
comparing all the groups of ACE blockers (captopril 
and ramipril) vs. losartan (both doses used), resulted 
in significant difference only in the case of losartan20 
vs. captopril10 (p = 0.039). 

 

 
Figure 4. 

The effects of different doses of captopril, losartan, ramipril and scopolamine on the stretching behaviour in the open 
field task. The values are mean ± S.E.M. (n = 8 animals per group), *p < 0.01 vs. control group, **p < 0.001 vs. 

control group, ***p < 0.001 vs. control group 
 

 
Figure 5. 

The effects of different doses of captopril, losartan, ramipril and scopolamine on the grooming time in the open 
field task. The values are mean ± S.E.M. (n = 8 animals per group), *p < 0.01 vs. control group, **p < 0.001 vs. 

control group 
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We also found a significant difference between all 
9 groups when we analysed them regarding the 
grooming time spent by the mice (p = 0.001) 
(Figure 5). However, the only differences we observed 
was when we compared the control group with the 
group which got treated with scopolamine, p = 0.004 
for scopolamine0.5 and p = 0.04 for scopolamine1, 
suggesting again an alteration of the anxiety related 
manifestation, after the Ang II blockers administration. 
Also, no significant differences were found when 
we tried to see if they are any difference in the 
pharmacological way of blocking Ang II (ACE 
blockers captopril and ramipril vs. AT receptor 
antagonist losartan), except for the case of a significant 
increase in the grooming time in the losartan10 
group vs. ramipril4 (p = 0.042). 
We should also mention that for the rest of the 
variables studied by the open field test, we did not 
found any significant differences between experimental 
groups regarding variables such as spontaneous 
micturition, freezing time and number of faeces. 
Regarding to the elevated plus maze, the most 
significant differences between the groups were 
found in the head dipping variable, where we found 
a significant difference between the control and the 

losartan20 group (p = 0.03), control and both of 
ramipril doses groups ramipril2 (p = 0.04) and ramipril4 
(p = 0.03), also for control with captopril10 (p = 0.04) 
and captopril25 (p = 0.04) (Figure 6). When we 
compared the mice groups which received the same 
drugs but in different doses we only found a significant 
difference for losartan between the two used doses 
(p = 0.003). Also when it comes to this head dipping 
behaviour in the elevated plus maze, we could only 
observe a significant increase of this behaviour in 
the losartan10 group, as compared to both doses of 
ramipril and captopril studied (p< 0.05) (Figure 6). 
Other significant results were found when we analysed 
the exploratory time, control vs. ramipril (p = 0.015), 
control vs. captopril10 (p = 0.017), stretching – 
when we compared the captopril groups (p = 0.039) 
and grooming time – for the captopril administered 
groups (p = 0.025). In addition, we should mention 
that the further analysis of our results showed no 
significant differences between control and any 
drug administered groups, or between the same 
drug – different dose groups for the remaining 
measured variables such as open arms time, centre 
time and closed arms entries. 

 

 
Figure 6. 

The effects of different doses of captopril, losartan, ramipril and scopolamine on the head dipping behaviour in the 
elevated plus maze task. The values are mean ± S.E.M. (n = 8 animals per group), *p < 0.01 vs. control group, 

**p < 0.001 vs. control group 
 
The present study analyses the possible effect of 
central Ang II inhibition with either captopril, losartan 
or ramipril on the immediate spatial memory (Y maze) 
and on the level of anxiety in mice (as studied in 
both elevated plus maze and open field test). We 
demonstrated that the inhibition of angiotensin II 
with different doses of captopril, losartan and ramipril 
affects anxiety manifestations, but has no effect on 
the immediate memory in mice. 
Thus, our data showed that the number of spontaneous 
alternations in the Y-maze was not influenced by 
the drug administered, regardless of the dose given. 

Spontaneous alternation behaviour is considered to 
reflect spatial working memory, which is a form of 
short-term memory, hence we may conclude that 
the administration of scopolamine, captopril, losartan 
and ramipril did not have any effect on short-term 
memory of the mice in our sample. 
On the other hand, the results were much more 
conclusive on the elevated plus maze. The elevated 
plus maze test is one of the most popular tests when 
it comes to measuring anxiety in animal models. 
Our results showed significant differences between 
the control groups and the groups that received the 
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drugs when it comes to head dipping behaviour of 
the mice. In this ethological measure of the anxiety we 
found that losartan 20 mg/kg b.w., ramipril 2 mg/kg 
b.w., ramipril 4 mg/kg b.w., captopril 10 mg/kg b.w. 
and captopril 25 mg/kg b.w. reduced significantly the 
HDT compared to the control group. The only drug 
that did not present a significant difference when 
compared to the control was losartan 10 mg/kg b.w. 
However, the only significant difference when we 
compared the same drug groups, but with different 
doses, was obtained for the losartan groups. This 
result may suggest that a higher dose of losartan, 
20mg/kg b.w. rather than 10 mg/kg b.w., is needed 
for a significant decrease of anxiety in mice models. 
Furthermore, in other ethological measures of anxiety 
in this behavioural test such as grooming time and 
stretching, we did not found any effect on anxiety 
symptoms of the drugs when compared to the control 
group. However, we did find that a higher dose of 
captopril produces a significant superior decrease 
of anxiety symptoms in mice (25 mg/kg b.w., when 
compared with 10 mg/kg b.w.). Studies on the exact 
dose that produces the maximum effect should be 
conducted in the future. 
Regarding scopolamine, which was used here as 
classical reference drug for generating a cognitive 
decline, it is a cholinergic muscarinic receptor blocker 
that has been shown to influence memory in both 
animals and humans [22, 23]. Scopolamine significantly 
increases acetylcholinesterase activity and lipid markers 
of peroxidation, and in the same time it decreases 
the acetylcholine level from the brain [12, 34]. 
Other studies have shown that scopolamine-induced 
reduction in cerebral blood flow was recovered by 
cholinesterase inhibitors physostigmine or tacrine 
[32, 41]. Scopolamine, as a non-selective muscarinic 
cholinergic receptor, is well-known for its amnesic 
effect in both animals and humans [18, 28]. Its 
administration before experiments has been shown 
to cause memory impairments in the behavioural 
tests [40]. 
Perhaps the most conclusive results of this study 
were obtained in the open field test. As before 
mentioned the number of line crosses and the 
frequency of rearing are usually used as measures 
of anxiety. A high frequency of these behaviours 
indicates a lower level of anxiety. In this test, the results 
were as expected, the mice treated with the active drug 
showing a significantly lower number of behaviours 
that are considered to be measures of anxiety. 
When we used the Anova single factor with all the 
groups we have found significant differences at all 
the ethological measures of the open-field test, with 
the exception of defecation and urination. However, 
these two variables are often used as measures of 
anxiety, but the validity of defecation as a measure 
of anxiety has been questioned [4, 29]. 

All behavioural parameters, beside defecation and 
urination, were significantly affected by the drug 
administration as showed by the results obtained 
(centre time p < 0.01, crossing p < 0.01, stretching 
p < 0.01, grooming time p = 0.01). Our results are 
in agreement with the literature in what concerns 
the prevention of deleterious effects of angiotensin II 
on locomotor parameters, insulin resistance, stress-
induced corticosterone levels and proinflammatory 
mediators like tumour necrosis factor (TNFα) and 
C reactive protein (CRP) [36]. Unlike telmisartan 
[44], losartan induced only a slight effect of the 
cognitive functions, although its anxiolytic effects were 
more significant when compared to candesartan [43]. 
 
Conclusions 

We report here that the inhibition of angiotensin II 
with different doses of captopril, losartan and 
ramipril affects anxiety manifestations especially in 
open field task (modified time spent in the centre, 
crossing, stretching behaviour and grooming) and 
elevated plus maze (affected head dipping), but has 
no effect on immediate memory in mice (as seen by 
the percentage of spontaneous alternations in the Y 
maze). 
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