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ABSTRACT

Background: The anxiety is a psychological and physiological state characterized by cognitive, somatic,
emotional, and behavioral components. These components combine to create an unpleasant feeling that is
typically associated with uneasiness, apprehension, fear, or worry.

Objectives: The present study was designed to investigate possible anxiolytic effects of angiotensin Il (ATI1)
receptor antagonist, losartan, and angiotensin—converting enzyme (ACE) inhibitor, captopril using the elevated
plus-maze (EPM), and the open field, a behavioural tests for anxiolytic drugs. Furthermore, the effects of these
drugs will be compared with diazepam to determine whether the behavioural profile of losartan and captopril
differs from this established anxiolytic drug.

Material and Methods: 4An experimental study in albino mice was undertaken to probe probable role renin-
angiotensin system (RAS) in the genesis of anxiety. Elevated plus-maze and open-field models were used. The
standard antianxiety drug-diazepam and drugs modifying RAS-captopril and losartan were used to modify the
anxiety like behaviour. Cessation of chronic diazepam or ethanol caused withdrawal-induced anxiety.

Results: In comparison, cessation of captopril or losartan did not show any withdrawal effects. Acute or
repeated administration of a2-antagonist-yohimbine (as anxiogenic drug) produced anxiety like behaviour
Losartan and captopril individually antagonized the anxiety like behaviour due to the withdrawal of diazepam.
Losartan alone antagonized the anxiety like behaviour due to the withdrawal of ethanol while captopril did not.
Diazepam, losartan, and captopril individually antagonized the anxiety-like behaviour due to the administration
of yohimbine in. Chronic co-treatment with diazepam and the above RAS modifying drugs afford complete
suppression of diazepam withdrawal-induced effect (increased fecal boli, and decreased central ambulation) in
the open field and decreased time spent on the open arms and decreased the number of entries on to the open
arms in EPM.

Conclusion: It can be concluded that decreasing activity of RAS either by decreasing the synthesis of angiotensin
11 (captopril) or blocking of ATI receptors (losartan), antagonizes the anxiety induced-like behaviour. Losartan
was better than captopril in this regard. The possible mechanism may include RAS interaction with NA or GABA
neurons, hormonal release, potentiation of AT2 receptors, and possible involvement of bradykinin levels due to
captopril. Further studies to probe into the possible involvement of the above mechanisms are envisaged.

Keywords: Anxiety, Animal anxiety test, Elevated plus maze, Open field apparatus, Diazepam, Losartan,
Captopril, Ethanol, Yohimbine.

INTRODUCTION

There are adjustment disorders with anxiety
features, and disorders due to general medical
conditions and substance-induced anxiety
disorders [5]. The anxiety is associated with
three or more of the following symptoms for at
least 6 months: restlessness, feeling keyed up or
on edge, being easily fatigued, difficulty in
concentrating or mind going blank, irritability,
muscle tension, sleep disturbance, and
irritability [1].

Elevated plus-maze is the simplest apparatus to
study the anxiolytic response of almost all types
of antianxiety agents. Exposure of the animals
to novel maze alley evokes an approach
avoidance conflict, which is stronger in the open
arm as compared to the enclosed arm. Rodents
(rats and mice) have an aversion for high and
open space and prefer enclosed arm and,
therefore, spend a greater amount of time in
enclosed arm. When animals enter an open arm,
they freeze, become immobile, defecate and
show fear-like movements. The plasma cortisol
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level is also reported to be increased, as a true
reflection of anxiety [4, 6]. The open field test
(OFT) is a common measure of exploratory
behavior both qualitatively and quantitatively.
The most basic and common outcome of interest

OBJECTIVES

Angiotensin II on intracerebroventricular (icv)
administration produced an anxiogenic effect in
animal models. There is an increasing interest in
the potential role of the angiotensin II in normal
brain function and in CNS disorders, with
particular focus on anxiety and depression. The
present study was designed to investigate
possible anxiolytic effects of angiotensin II
(AT,) receptor antagonist, losartan, and
angiotensin—converting enzyme (ACE)
inhibitor, captopril using the elevated plus-maze
(EPM), and the open field, behavioural tests for
anxiolytic drugs. Furthermore, the effects of
these drugs will be compared with diazepam to
determine whether the behavioural profile of
losartan and captopril differs from this
established anxiolytic drug.

MATERIAL AND METHODS

Male albino mice weighing (27+£3 g), were
obtained from the animal house of Department
of Pharmacology and Clinical Pharmacy,
Faculty of Pharmacy, Tripoli University, Libya.
The animals were housed in colony cages, at
constant room temperature (24+2°C), on a
12/12h light-dark cycle. Food and water were
given ad libitum, food was obtained from
ALCO, Sfax Tunisia.

Losartan potassium, obtained from Merk, USA
and captopril malate, diazepam, yohimbine
hydrochloride, and ethanol were obtained from
Sigma Aldrich, Germany. Tween 80 was
obtained from Riedel-De Haen AG Seelzf-
Hannover.

All drugs were dissolved in normal saline
containing tween 80 (1%) (vehicle). Drugs were
administered intraperitoneally (i.p.) route, at
volume of 5ml/kg body weight. All drugs were
freshly prepared.

The apparatus was made of plexiglass and
consisted of two opposite open arms (5 x 30 cm)

1s “movement”; however, this can be influenced
by motor output, exploratory drive, freezing or
other fear-related behavior, sickness, relative
time in the circadian cycle, among many other
variables [4, 7, 8].

crossed with two opposite enclosed arms of the
dimension with 15 ¢m height. The arms were
connected with a central square (5x 5 cm) to
give the apparatus a plus sign appearance. The
maze was kept elevated 30 cm above the floor in
a dimly lit room [9-12].

This test utilizes behavioural changes in rodents
exposed to a novel environment and has been
used to detect an anxiogenic or anxiolytic
activity under identical situations. Various types
of open-field apparatuses have been used for
rats and mice. A typical apparatus suitable for
mice, comprises of area, (50 cm x 50 cm x 40.5
cm). The floor is divided into 16 squares by
clear lines and the apparatus is placed in a
dimly-lit room [10, 13].

The elevated plus-maze test was conducted in a
closed room with a low level of illumination
[12], the mice were individually placed on the
central square of the plus maze facing an
enclosed arm. The time spent and number of
entries made by the mice, during the next 4 min
on open and closed arm was recorded. An arm
entry was defined when all the four limbs were
on the arm. The apparatus was cleaned after
each use. An increase in the open arm entries
and an increase in time spent in the open arms is
indicative of potential anxiolytic activity, as
mice naturally prefer the closed arms. This
technique is rapid, selective, and equally
capable of detecting anxiolytic and an
anxiogenic drug effects wunder identical
conditions [9-11].

The effect of losartan, captopril, and standard
anxiolytic drug diazepam on the anxiogenic
response of ethanol withdrawal was examined
using the elevated plus-maze test in mice. Mice
were randomly assigned to four groups (n=8,
each group). All groups of mice received
ethanol (8% w/v, 5 ml/kg) (i.p) twice daily (9-
10am and 6-7pm), for fourteen days then
withdrawn for 24 hrs. Anxiogenic response
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induced by ethanol withdrawal was investigated
by losartan, captopril, and standard anxiolytic
drug diazepam during the period of withdrawal.
Group2, diazepam (1.5 mg/kg) [14-17], and
group3, losartan (10 mg/kg) [13, 17], were
administered at 12 hrs and then 30 min before
testing 24 hrs after withdrawal. Similarly,
group4, captopril (10 mg/kg) [16, 18] was given
at 12 hrs and then at 45 min before the test. All
drugs were freshly prepared, and administered
in a constant volume of injection 5 ml/kg body
weight. All above three groups were compared
with group 1, which received vehicle 12 hrs and
30 min before the test. All groups were exposed
to elevated plus-maze test on day fifteen.

This study was performed to investigate the
effect of an acute dose of losartan, captopril, and
standard anxiolytic drug diazepam on an
anxiogenic action of acute dose of yohimbine
(2.5 mg/kg IP) [15, 19, 20], in mice using the
elevated plus-maze test. Mice were divided into
four groups (n=8, each group), groupl
(yohimbine + vehicle); group2 (yohimbine +
diazepam); group3 (yohimbine + losartan), and
group4 (yohimbine + captopril). Drugs were
administered intraperitoneally (i.p), in a constant
volume of injection of 5 ml/kg body weight.
Anxiogenic response induced by yohimbine was
investigated by losartan, captopril, and
anxiolytic drug diazepam. Losartan (10 mg/kg),
anxiolytic drug diazepam (1.5 mg/kg), and
yohimbine (2.5 mg/kg) were injected 30 min
before the test, captopril (10 mg/kg) was
injected 45 min before the test. All treated
groups were compared with groupl, which
received yohimbine + vehicle. Elevated plus-
maze test was performed as previously
described.

This study was performed to investigate the
effect of an acute dose of losartan, captopril, and
standard anxiolytic drug diazepam on an
anxiogenic action of repeated treatment with
yohimbine (2.5 mg/kg IP for 5 days). Elevated
plus-maze test was used as model to conduct
this experiment. Mice were randomly assigned
to four groups (n=8). All groups of mice
received yohimbine (2.5 mg/kg i.p) twice daily
(9-10am and 6-7pm), for five days. Anxiogenic
response induced by repeated administration of

yohimbine was investigated by losartan,
captopril and standard anxiolytic drug
diazepam. On the test day (day five), yohimbine
was administered 30 min before testing in all
groups. At day five groupl received vehicle;
group2 and group3 received diazepam (1.5
mg/kg ip) or losartan (10 mg/kg ip) 30 min
before the test respectively, whereas group4
received captopril (10 mg/kg) 45 min before the
test. Then all animals were exposed to elevated
plus-maze test.

The experiment was performed to investigate
the effects of captopril and losartan on the
diazepam dependence in mice. In addition,
captopril and losartan have also been evaluated
for their dependence-liability in mice upon a
chronic treatment-regimen (14-days). Elevated
plus-maze test was used as model to conduct
this experiment. The animals were divided into
vehicle and different treated groups (n=8). The
treated groups received diazepam (10 mg/kg ip),
losartan (10 mg/kg ip), captopril (10 mg/kg ip),
diazepam (10 mg/kg ip) + losartan (10 mg/kg
ip), and diazepam (10 mg/kg ip) + captopril (10
mg/kg ip), respectively twice daily (at 9-10am
and 6-7pm) for 14 days. No drug was
administrated for the next 24 hours. At day
fifteen, all animals were tested with eclevated
plus-maze test.

In the open field, each animal was centrally
placed in the test apparatus for 4 min, and the
following behavioural aspects of anxiety were
recorded:

1. Central ambulation - This was measured in
terms of the number of squares crossed by the
animals in the four central squares of the open
field.

2. Defecation - The number of fecal boli
excreted during the period.

Since exposure to a novel environment is
associated with emotionality, an anxious animal
is one which shows reduced ambulation
associated with periodic freeze, concomitant
with augmented autonomic activity resulting in
increased defecation. All these effects are
accentuated by anxiogenic agents and attenuated
by anxiolytics. The open-field test is simple,
sensitive, and reproducible, and appears to be
similarly influenced by different classes of
anxiogenic and anxiolytic agents [10, 13].
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Effect of an Acute Dose of Diazepam, Captopril
and Losartan on Anxiety Parameters Using
Open Field

The effect of captopril (10 mg/kg), losartan (10
mg/kg), and diazepam (1.5 mg/kg), on anxiety
parameters evaluated in albino mice using open
field test as described before. Mice were
randomly assigned to four groups (n=8, each
group). Losartan ,captopril and diazepam were
administered ip. to mice. Control group
received an equivalent volume of vehicle i.p.
Fourty five min after administration of captopril
and 30 min after administration of losartan,
diazepam and vehicle, four groups were tested
on the open field test.

Effects of Captopril and Losartan on the
Diazepam Dependence and their Dependence-
Liability Using Open Field

In the present experiment, we examined the
effect of captopril and losartan on the diazepam
dependence in mice. In addition, captopril and
losartan have also been evaluated for their
dependence-liability in mice upon a chronic
treatment-regimen (14-days). Open field test
was used as model to conduct this experiment.
The animals were divided into vehicle and
different treated groups (n=8). The treated
groups received diazepam (10 mg/kg ip),
losartan (10 mg/kg ip), captopril (10 mg/kg ip),
diazepam (10 mg/kg ip) + losartan (10 mg/kg
ip), and diazepam (10 mg/kg ip) + captopril (10
mg/kg ip), respectively twice daily (at 9-10am and
18-19pm) for 14 days. No drug was administrated
for the next 24 hours. At day fifteen, all animals
were tested with open field test.

Statistical Analysis

Descriptive statistical analysis was performed,
on the parameters of samples within each
experiment, to find out whether the observed
samples were normally distributed, using the
non parameteric Kolmogorove-smirnov
maximum deviation test for goodness of fit. If
the parameters were normally distributed, the
treatments were compared by applying one-way
ANOVA, according to the homogeneity of
variance, data were transferred in trank if
homogeneity of variance did not permit direct
ANOVA analysis. For multiple compression
Post hoc, additional the least significant
difference (LSD) tests were performed, when
appropriate, to detect any significant differences
between the treated groups and the control
group, and between the combined drugs and
drug itself. The difference were considered to be
significant at (p<(0.05). All analyses were
conducted using the SPSS (software packing
version 25) for IBM compatible computer.

RESULTS

Modulation of Ethanol Withdrawal-Induced
Anxiogenic Action by Administration of
Diazepam and Losartan Using the Elevated
Plus-Maze

Effects on Time Spent on Open Arms

The mean duration of time spent in the open
arms of vehicle "control" treated group (30.125
+ 6.057 sec) which was significantly different
from losartan (84.125 + 18.828 sec) and
diazepam (75.75 + 13.027 sec) treated groups.
In contrast, the time spent by captopril treated
group (39.25 + 5.28 sec) was insignificantly
different from vehicle treated group. (Table. 1).

Tablel. Effects of diazepam, losartan and captopril on the ethanol withdrawal-induced anxiogenic action using

the elevated plus maze

Treatments Time spent in the open arms (second) | Number of entries in the open arms
(mg/kg)

Vehicle (control) 30.125 £ 6.057 3.125 +0.398

Diazepam (1.5) 75.75 £ 13.027* 6.5+ 0.597*

Losartan (10) 84.251 + 18.828* 74 1.558%*

Captopril (10) 39.250 + 5.283 3.75+0.559

N = 8 animals in each group. Statistical significance:
*0<0.05, **p<0.01. All data are mean values with
(£S.E.M) and compared with control.

Effects on Number of Entries on Open Arms

The number of entries in the open arms of
vehicle "control" treated group (3.125 £ 0.398)
which was highly significantly different from
losartan (7+1.55), and significantly different
from diazepam (6.5 + 0.597) treated groups

respectively. In contrast, the number of entries
by captopril treated group (3.75 £ 0.55) was
insignificantly different from control group
(Table.1).

Acute Administration of Yohimbine-Induced
Anxiety and its Modulation by Diazepam,
Losartan and Captopril Using the Elevated
Plus-Maze

Effects on Time Spent on Open Arms
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The mean duration of time spent in the open
arms of yohimbine + vehicle treated "control"
group (30.125 + 4.954 sec) which was highly
significantly ~different from yohimbine +
diazepam (90.375 £ 18.73 sec) but significantly
different from yohimbine + captopril (77.75 £
21.10 sec) and yohimbine + losartan (77.5 = 8.9
sec) treated groups respectively (Table .2).

Effects on Number of Entries on Open Arms

The number of entries to open arms of group
treated with yohimbine + wvehicle "control"
group (2.25 + 0.163) which was significantly
different from yohimbine + diazepam (6.375 +
1.831), yohimbine + captopril (5.5 = 0.981) and
yohimbine + losartan (6.25 + 0.7007) treated
groups (Table.2).

Table2. Effects of diazepam, losartan and captopril on the acute dose of yohimbine-induced an anxiogenic

action using the elevated plus maze.

Treatments (mg / kg) Time Spent

(seconds)

in the open arms

Number of entries in the open
arms

Yohimbine (2.5) + vehicle 30.125£4.9549
Yohimbine (2.5) + diazepam (1.5)
Yohimbine (2.5) + losartan (10)

Yohimbine (2.5) + captopril (10)

77.500 + 8.9022 *

90.375 + 18.733 **

77.7500 £ 21.104 *

2.250+0.1636
6.375+1.831 *
6.250 £ 0.7007 *
5.5+0.9891 *

N = 8 animals in each group. Statistical significance:
*0<0.05, **p<0.01, respectively. All data are mean
values with (£S.E.M) and compared with yohimbine
+ vehicle treated "control” group.

Repeated Administration of Yohimbine-
Induced Anxiety and its Modulation by
Diazepam, Losartan and Captopril Using the
Elevated Plus- Maze

Effects on Time Spent on Open Arms

The mean duration of time spent in the open
arms of yohimbine + vehicle treated "control"
group (24.625 = 5.070 sec) which was
significantly different from yohimbine +

captopril (58.750 + 9.1666 sec), yohimbine +
losartan (60.750 + 12.637sec) and yohimbine +
diazepam (66.625 + 15.337 sec) treated groups
(Table .3).

Effects on Number of Entries on Open Arms

The number of entries to open arms of group
treated with yohimbine + wvehicle "control"
group (1.625 + 0.263) which was significantly
different from yohimbine + diazepam (4.5 =+
1.165), yohimbine + losartan (4.125 + 0.4407)
and yohimbine + captopril (4.125 = 0.6665)
treated groups (Table.3).

Table3. Effects of diazepam, losartan and captopril on the repeated administration of yohimbine-induced an

anxiogenic action using the elevated plus-maze.

Yohimbine (2.5) + losartan (10)
Yohimbine (2.5) + captopril (10)

Treatments Time spent in the open arms | Number of entries
(mg / kg) (seconds) in the open arms
Yohimbine (2.5) + vehicle 24.625+£5.07 1.625+£0.263
Yohimbine (2.5) + diazepam (1.5) 66.625 + 15.337 * 45+1.165*

60.750 + 12.637*
58.75 +£9.166*

4.125 £ 0.4407*
4.125 +0.666 *

Statistical significance: *p<0.05. All data are mean
values with (£S.E.M) and compared with yohimbine
+ vehicle treated "control” group.

Modulation of Diazepam Dependence-
Induced Severe Anxiety by Losartan and
Captopril and their Dependence-Liability
Using the Elevated Plus-Maze

Chronic Treatment with Diazepam Induced

Severe Anxiety

Chronic administration produce dependence and
withdrawal effects appeared when the drug was
discontinued. On abrupt termination of
diazepam after 14-days treatment, the animals
show relapse of severe anxiety. The maximum
withdrawal effects (sever anxiety) were
monitored using the elevated plus-maze test 24
hours after the cessation of 14-days treatment
with diazepam (i.e on the 15" day).

Effects on Time Spent on Open Arms

The mean duration of time spent in the open
arms of diazepam treated group (30.125 £ 5.920
sec) which was highly significantly different
from vehicle treated group (65.5 + 9.615 sec)
(Table.4).

Effects on Number of Entries on Open Arms

The number of open arm entries of diazepam
treated group (3.125 £ 0.350) which was highly
significantly different from vehicle treated
group (6.375 + 0.625) (Table.4).

Chronic  Treatments with Losartan
Captopril Did Not Induce Anxiety

and

Chronic administration of losartan (10 mg/kg ip
b.i.d.) and captopril (10 mg/kg ip b.i.d.) for 14
days did not produce any anxiety like behaviour.
After the discontinuation of 14-days treatment
with losartan and captopril, were monitored
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using the elevated plus-maze test 24 hours after
the cessation of 14 -days, treatment.

Effects on Time Spent on Open Arms

The mean duration of time spent in the open
arms of vehicle treated group (65.5 £ 9.615 sec)
which was insignificantly different from
losartan (59.5 £ 5.756 sec) and captopril (54.25
+ 6.878 sec) treated groups.

In contrast, the mean duration of time spent in the
open arms of diazepam treated group (30.125 +
5.920 sec) which was highly significantly different
from losartan (59.5 + 5.756 sec) and significantly
different from captopril (54.25 + 6.878 sec) treated
groups (Table.4).

Effects on Number of Entries on Open Arms

The number of open arms entries of vehicle
treated group (6.375 + 0.625) which was
insignificantly different from losartan (6 =+
0.534) and captopril (5.5 + 0.5976) treated groups.

In contrast, The number of open arm entries of
diazepam treated group (3.125 + 0.350) which
was highly significantly different from losartan
(6 £ 0.534) and captopril (5.5 £ 0.5976) treated
groups (Table.4).

Diazepam Dependence Induced Severe Anxiety
and its Modulation by Chronic Administration
of Losartan and Captopril

Losartan (10 mg/kg ip b.i.d.) and captopril (10
mg/kg ip b.i.d.) upon concurrent administration

with 10 mg/kg diazepam for 14 days,
significantly prevented the anxiety like
behaviour due to the withdrawal of diazepam,
as monitored using the elevated plus-maze test
24 hours after the end of 14 ™ —days, treatment.

Effects on Time Spent on Open Arms

The mean duration of time spent in the open
arms of vehicle treated group (65.5 = 9.615 sec)
which was insignificantly different from captopril
+ diazepam (49.625 = 5.40), and losartan +
diazepam (51.625 + 2.329) treated groups.

In contrast, the mean duration of time spent in
the open arms of diazepam treated group
(30.125 + 5.920 sec) which was significantly
different from losartan + diazepam (51.625 =+
2.329) and captopril + diazepam (49.625 =+
5.404) treated groups (Table.4).

Effects on Number of Entries on Open Arms

The number of open arms entries of vehicle
treated group (6.375 + 0.625) which was
insignificantly  different from losartan +
diazepam (5 + 0.5345) and captopril + diazepam
(4.875 £ 0.8331) treated groups.

In contrast, the number of open arms entries of
diazepam treated group (3.125 + 0.350) which
was significantly different from losartan +
diazepam (5 = 0.534) and captopril + diazepam
(4.875 = 0.833) treated groups (Table .4).

Tabled. Effects of losartan and captopril on the diazepam dependence and their dependence-liability using the

elevated plus-maze

Treatments (mg / kg)

Time spent in the open arms (s)

Number of entries in the open arms (n)

Vehicle 65.5+9.615 **
Diazepam (10) 30.125+5.920
Losartan (10) 59.5 £5.756%*
Captopril (10) 54.250 £ 6.878 *

Diazepam (10) + losartan (10) 51.625 +2.329*
Diazepam (10) + captopril (10) 49.625 +5.404*

6.375 £ 0.625 **
3.125+0.350
6+ 0.534 **
5.5+0.597**
5+0.534*

4.87 +0.833*

N = 8 animals in each group. Statistical significance:
*0<0.05, **p<0.01, respectively. All data are mean
values with (£S.E.M) and compared with diazepam
treated group.

Effect of an Acute Dose of Diazepam,
Captopril and Losartan on Anxiety
Parameters Using Open Field

Central Ambulation

The number of central ambulation of vehicle
"control" treated group (5.625 £+ 0.73) which

was significantly different from losartan (13.5 £
3.02), captopril (11.75 £ 2.09) and diazepam
(12.75 + 1.64) treated groups (Table.5).

Defecation

The number of faecal boli of vehicle "control"
treated group (2.625 £ 0.323) which was highly
significantly different from losartan (1.125 +
0.35), captopril (1.25 = 0.31) and diazepam (1 +
0.37) treated groups (Table.5).

Table5. Effects of diazepam, losartan and on anxiety parameters using open field

Treatments (mg/kg) Central ambulation fecal boli
Vehicle 5.625+0.730 2.625+0.323
Diazepam(1.5) 12.75 + 1.644* 1+£0.3779**
Losartan (10) 13.5+£3.029* 1.125 £ 0.350**
Captopril (10) 11.75 +2.093* 1.25+£0.313 **
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N = 8 animals in each group. Statistical significance:
*0<0.05, **p<0.01, respectively. All data are mean
values with (£S.E.M) and compared with control.

Chronic administration produce dependence and
withdrawal effects appeared when the drug was
discontinued. On abrupt termination of
diazepam after 14-days treatment, the animals
show relapse of severe anxiety. The maximum
withdrawal effects (sever anxiety) were
monitored using the open field test 24 hours
after the cessation of 14-days treatment with
diazepam (i.e on the 15" day).

The number of central ambulation with
diazepam treated group (1.25 £ 0.25) which was
highly significantly different from vehicle
treated group (5.125 + 0.54) (Table.6).

The number of faecal boli of diazepam treated
group (5.25 = 0.79) which was highly
significantly different from vehicle treated
group (1.85 = 0.45) (Table.6).

Chronic administration of losartan (10 mg/kg ip
b.i.d.) and captopril (10 mg/kg ip b.i.d.) for 14
days did not produce any dependence. After the
discontinuation of 14-days treatment with
losartan and captopril the animals were
monitored using the open field test 24 hours
after the cessation of the chronic treatment.

The number of central ambulation of vehicle
treated group (5.125 4+ 0.54) which was
insignificantly different from losartan (4.5 =+
0.62) and captopril (4.37 = 0.679) treated
groups.

In contrast, mice treated with diazepam showed
(1.25 £+ 0.25) of central ambulation which was
significantly different from losartan (4.5 £ 0.62)

and captopril (4.37 + 0.679) treated groups
(Table.6).

The number of faecal boli of vehicle treated
group (1.85 £ 0.45) was insignificantly different
from losartan (2.14 £ 0.40) and captopril (2.71 +
0.521) treated groups.

In contrast, the number of faecal boli of
diazepam treated group (5.25 £ 0.79) which was
very highly significantly different from losartan
(2.14 + 0.40) and highly significantly different
from captopril (2.71 + 0.521) treated groups
respectively (Table.6).

Losartan (10 mg/kg IP b.i.d.) and captopril (10
mg/kg IP b.i.d.) upon concurrent administration
with 10 mg/kg diazepam for 14 days,
significantly —prevented the anxiety like
behaviour due to the withdrawal of diazepam,
as monitored using the open field test 24 hours
after the end of 14 ™ —days, treatment.

The number of central ambulation of vehicle
treated group (5.125 £+ 0.54) was insignificantly
different from losartan + diazepam (4.125 =+
0.718) and captopril + diazepam (3.87 + 1.02)
treated groups.

In contrast, mice treated with diazepam showed
(1.25+ 0.25) of central ambulation which was
significantly different from losartan + diazepam
(4.125 £ 0.718) and captopril + diazepam (3.87
+ 1.02) treated groups (Table.6).

The number of faecal boli of vehicle treated
group (1.85 £ 0.45) was insignificantly different
from losartan + diazepam (2.75 £ 0.453) and
captopril + diazepam (3 *+ 0.597) treated
groups.

In contrast, the number of faecal boli of
diazepam treated group (5.25 + 0.79) which was
highly significantly different from losartan +
diazepam (2.75 + 0.453) and captopril +
diazepam (3 £ 0.597) treated groups (Table.6).

Effects of losartan and captopril on the diazepam dependence and their dependence- liability using

open field.
Treatments (mg /kg) Central ambulation Fecal boli
Vehicle 5.125 4+ 0.548** 1.857 + 0.459%**
Diazepam (10) 1.25+0.25 5.25+0.796
Losartan (10) 4.5+ 0.626* 2.142 + 0.404***
Captopril (10) 4.375 £ 0.679* 2.71 £0.521**

4.125+0.718*
3.875+1.025%

Diazepam (10) + losartan (10)
Diazepam (10) + captopril (10)

2.75 £ 0.453%*
3 +£0.597**
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N = 8 animals in each group. Statistical significance:
*0<0.05, **p<0.01, ***p<0.001, respectively. All
data are mean values with (£S.E.M) and compared
with diazepam treated group.

DISCUSSION

The role of renin angiotensin system (RAS)
within CNS with functional analysis of AT,
receptor and Angiotensin converting enzyme
(ACE) was examined. The results revealed that
the RAS plays important role in regulation of
anxiety-like behaviour by inhibiting ACE or
blocking angiotensin receptor.

The elevated plus-maze (EPM) and the open
field tests were used as validated animal models
of anxiety that are predictive of drug responses
in humans. These tests, which are based on
natural aversion of rodents to open spaces, are
sensitive to the effects of both anxiolytic and
anxiogenic agents in rodents [16]. The elevated
plus-maze was developed for use in rats by
Handley and Mithani, [21] following the work
of Montgomery, [22], and was Subsequently
modified for use in the mouse independently by
Lister [9] and Stephens et al, [23]. These
various adaptations of the basic method have
since been used to study the anxiolytic actions
of many drugs such as benzodiazepines [19], a
NMDA receptor antagonist [23], neuroactive
steroids, captopril [18], and losartan [17].

The open field is a similar exploratory model of
anxiety, which was initially described by
Kulkarni and Dandiya, [24], Kulkarni ef al., [25]
and later developed and validated by Kulkarni,
[26]. This test has too been used to investigate a
range of putative anxiolytic compounds such as
diazepam [10] and losartan [13].

The renin angiotensin system (RAS) plays an
important role in the control of the balance of
hydromineral and fluid volume, as well as
sympathetic  efferent activity [27]. The
octapeptide angiotensin II is a potent effector
hormone of the RAS produced in the
mammalian brain [28, 29]. It exerts a wide
range of physiological actions on the
cardiovascular, renal and endocrine system [30],
and on the peripheral and central nervous
system [31] by acting on different angiotensin 11
receptor types. Angiotensin exerts its effects via
two receptor subtypes, namely AT, and AT,
receptors [32]. It is the AT, receptors that are
the most abundant and which mediate most of
the physiological responses to angiotensin, with
AT, receptors being concerned with longer-term
effects such as cardiac myocyte proliferation.
Both receptor subtypes have been identified in

the brain, although AT, receptors account for
approximately 90% of the population [33].
There is an increasing interest in the potential
role the ocatapeptide angiotensin II in normal
brain function and in CNS disorders, with
particular focus on anxiety and depression. The
effect of angiotensin II can be controlled either
by inhibiting ACE or blocking angiotensin II
receptor. Combined therapy may enable
complete blockade, but it has shown toxic
symptoms in normal conditions [34]. Losartan is
a nonpeptide orally active antihypertensive,
selective AT, receptor antagonist act by
interfering with the RAS via AT, receptor
blockade [35]. Angiotensin 11 on
intracerebroventricular ~ (icv)  administration
produced an anxiogenic effect in the open-field
behaviour, and it was reversed with losartan
treatment. Further, in normal subjects also,
losartan produced anxiolytic effect [36]. The
AT, receptor antagonist was found to modulate
the mental function and produced anxiolysis in
mice [37]. Captopril is an ACE inhibitor that
inhibit the conversion of angiotensin I to active
angiotensin Il in body tissues and used
extensively in the treatment of hypertension and
heart failure [18]. ACE inhibitor, captopril,
producing mood elevating effects in patients
prescribed as a drug for hypertension [38-40],
and has been reported to produced anxiolytic
behaviour in humans [13].

In the EPM time spent on the open arms of the
maze and the number of entries onto the open
arms are taken as measures of anxiety [23].
Anxiolytic drugs increase both of these
parameters. The established anxiolytic agent
diazepam produced a significant increase in the
amount of time spent on the open arms of the
maze and the number of entries onto the open
arms [17]. Anxiolytic property of losartan has
also been reported in different behavioural
paradigms [36, 41]. This suggests a possible
relationship between AT, receptor function and
anxiolytic response. A similar effect has been
reported in treatment with captopril [18]. This
suggests a possible relationship between ACE
function and anxiolytic response. In the present
study treatment with losartan and captopril
significantly increased the the amount of time
spent on the open arms of the maze and the
number of entries onto the open arms which
indicates the role of angiotensin in the altered
behaviour.

Drug  withdrawal-induced  anxiety.  This
particular test has been used during recent years
on the basis that endogenously generated
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anxiety is likely to provide a better and
clinically acceptable animal model of anxiety
[15]. It is known that drug withdrawal, after
chronic administration of addictive agents,
induces severe withdrawal symptoms of anxiety
in rodents [11]. The following drugs have been
used ethanol (8% w/v, i.p.), cocaine (1 mg/kg,
i.p.), nicotine (0.1 mg/kg, i.p.), diazepam (10
mg/kg, i.p.) and morphine (10 mg/kg, i.p.). The
drugs were administrated twice daily for 14 days
[42]. Anxiety is assessed 24 hrs after drug
withdrawal by EPM [42]. Since this anxiety is
endogenously generated, it can be regarded as
more physiological and clinically relevant than
anxiety induced by anxiogenic agents [11].
From previous studies ACE inhibitors could
reverse the anxiety induced with RAS activation
[43], anxiety induced by abrupt cessation of
chronic treatment with a proven anxiolytic drugs
which may be attributed to the escalation of
RAS. The released angiotensin could precipitate
anxiogenicity, and it can also stimulate both
central and peripheral sympathetic systems,
including adrenal medulla [44, 45]. Activation
of sympathetic nervous system increases
noradrenalin turnover in the brain nuclei which
are involved in noradrenergic control of body
function [46].

In normal animals or after angiotensin II on
intracerebroventricular administration of
angiotensin  peptides denotes reversal of
suppressed behaviour of mice in light-dark test
with angiotensin receptor antagonist [37],
reversal of sympathetic hyperactivity in rats
with losartan [47], anxiolytic effect of losartan
in mice [17], and of ACE inhibitors in rats [48]
which support our present findings. Therefore, it
can be stated that the observed anxiolytic
behaviour with losartan and captopril may be
attributed to the attenuation of the inherent
anxiogenic behavior in normal mice and to
antagonizing  angiotensin-mediated = neuro
chemical alteration in anxiouse mice. In the
present study, the effect of endogenous anxiety,
generated by the withdrawal of certain drugs
known to induce dependence was investigated.
The present results provide evidence that
captopril and losartan may have anxiolytic
potential, indicating anxiety as a consequence of
increased RAS ton. Hence, it can be assumed
that increased sympathetic activity and direct
action of angiotensin system may be responsible
for the observed anxiogenicity after an abrupt
cessation of a chronic treatment with diazepam.

The mouse model has also proven useful to
demonstrate behavioural changes following

withdrawal from treatment with ethanol and
diazepam. An abrupt cessation of chronic
treatment is associated with a relapse of anxiety,
which is manifested in the form of decreased
amount of time spent and the number of entries
onto the open arms as measured by the elevated
plus-maze test [11] and in the present studies,
both captopril and losartan antagonised the
anxiety like behaviour of withdrawal from
diazepam and, losartan also antagonised the
anxiety like behaviour of withdrawal from
ethanol while captopril did not, indicating direct
blocking of AT, receptor may have better effect
in attenuation the anxiogenicity in anxious mice
rather than inhibiting the enzyme action. Hence,
AT, receptor blockade produces beneficial
effect in controlling the altered behaviour and
may be attributed to their better central effect
and to presynaptic regulation of the
neurotransmitters release.

Many symptoms of ethanol withdrawal are due to
increased activity of the sympathetic nervous
system, including hypertension, tremor and
anxiety [49]. The a, agonists clonidine [50] and
medetomidine [51] are considered to be effective
in the manangement of ethanol withdrawal
symptoms. In our study losartan fully reversed the
anxiogenic effects of ethanol withdrawal in the
EPM, whereas captopril failed to reverse ethanol
withdrawal-induced anxiety-like behaviour in the
EPM, which suggest that direct blocking of AT
receptor may have better effect to reverse the
anxiogenic effects of ethanol withdrawal rather
than inhibiting the enzyme action. Thus, the
possible explanation for the anxiolytic-like
behavior we observed in the present study with
losartan, while did not with captopril, may be due
to attenuated sympathetic = neurotransmission
because of the ablocking AT; receptor with
losartan, whereas captopril have non specific
mechanism, Ang II can be formed by alternative
non-ACE pathways; hence, ACE inhibitors may
not provide total inhibition of angiotensin II
generation [52]. In contrast, angiotensin II (AT))
receptor antagonists will block angiotensin II
regardless of its route of biosynthesis [52].

Benzodiazepines (e.g., diazepam, nitrazepam,
lorazepam, alprazolam) are the most frequently
prescribed synthetic chemical drugs for a variety
of conditions, particularly anxiety, depression,
epilepsy and insomnia [53, 54]. The prevalent
prescription pattern of benzodiazepines is
symptomatic which results in their potential
overuse [55]. Chronic use of benzodiazepines
causes deterioration of cognitive functioning [56],
physical dependence [57] and tolerance [58, 59].
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From previous studies in rodents, an abrupt
cessation of a chronic treatment with a proven
anxiolytic agent (e.g., ethanol or diazepam) is
manifested in the form of increased anxiety [56,
57], that has a direct bearing on the locomotor
behavior of the animals [60-62]. In several
studies on behavioral manifestation of ethanol
and diazepam withdrawal in rodents, it has been
hypothesized that an abrupt cessation of chronic
treatment with ethanol and diazepam leads to a
relapse of anxiety, which is manifested in the
form of decreased amount of time spent on the
open arms of the maze and the number of entries
onto the open arms as measured by the EPM
[11]. The results of the present study of
withdrawal from treatment with diazepam for 14
days can induced anxiety-like behaviour in the
mouse elevated plus-maze test. The time spent
and the number of entries on the open arms of
the EPM after cessation of diazepam treatments,
being statistically different from the vehicle
treated group. In contrast, that administration of
losartan or captopril for 14 days was not
associated with such changes which is apparent
from not significant differenent from vehicle
treated group, even after the cessation of
losartan or captopril treatments for the next 24
hours. Co-treatments of diazepam (10 mg/kg)
concomitantly with the losartan (10 mg/kg) or
captopril (10 mg/kg) for 14 days, also attenuated
the development of diazepam withdrawal. The
co-treatment of diazepam  with losartan or
captopril affords the complete suppression of
the withdrawal-induced-anxiety, as the time
spent and the number of entries on the open
arms after this co-treatment is statistically
equivalent to that the time spent and the number
of entries on the open arms exhibited by vehicle
treated group of animals on the 15 days. This is
therefore an important observation that both
captopril and losartan completely prevented the
anxiety like behaviour of ceasing the treatment
with diazepam in the EPM. This is consistent with
results from previous studies with captopril [18].

Yohimbine is, a naturally occuuring alkaloid
with antagonistic activity due to the alpha 2
adrenoreceptor [20]. It has been found to induce
anxiety in man [63, 64] and in animals, it is
found to reduce the amount of time spent in the
open arm and the number of entries to the open
arm in the elevated plus-maze [19-21].

Corticotropin-releasing factor (CRF), a 41
amino acid residue peptide, that regulates the
release of ACTH from the anterior pituitary
[65], has been shown to mediate stress-induced
changes in the autonomic nervous system,

neuroendocrine functions, and behavior [65-67].
The sngiotensin II on intracerebroventricular
administration of CRF to laboratory animals
produces anxiety-like behavior, such as altered
locomotor activity [68] and an increased anxiety
in an elevated plus-maze [69]. In our data with
yohimbine, acute and repeated administration,
significantly reduce the amount of time spent
and the number of entries to the open arm in the
elevated plus-maze. These effects indicate that
yohimbine possesses anxiogenic properties;
which is consistent with results from previous
studies in the elevated plus-maze [19, 21]. In
previous studies, acute and repeated treatment
with yohimbine increased plasma corticosterone
levels [19, 20]. In addition, yohimbine may have
directly affected HPA function through its
action on the noradrenergic system. In rodents,
noradrenaline is generally thought to exert an
inhibitory effect on CRF and hence, ultimately,
on corticosterone secretion [70]. It is generally
believed that noradrenaline exerts this effect by
stimulation of the a-adrenoceptor, possibly at
the o, site [70], yohimbine would therefore be
expected to block this inhibitory effect through
antagonistic activity at this site. Therefor, the
anxiety-like behavior seen in yohimbine treated
mice might be related to abnormalities in the
central noradrenergic neuronal system but not in
the CRF neuronal system.

There is extensive evidence from previous
animal work, that direct activation of the locus
coeruleus which may reflect dysfunction of
inhibitory o, adrenoceptor which can produce
signs of arousal that strongly resemble those
seen in human anxiety states [71]. In case of the
mouse [72, 73], the distribution of AT receptors
is similar to that observed in the rat. However,
the locus coeruleus of the rat was shown to have
the AT, receptor also [74]. Angiotensin II
binding sites were detected in mice, and
angiotensin II binding sites in the mouse locus
coeruleus was sensitive to the AT;-specific
antagonist losartan [72]. In the present study
acute and repeated administration of
adrenoceptor antagonist yohimbine induced a
significant anxiogenic effect as indicated by the
reduction of amount of time spent and the
number of entries to the open arm in the
elevated plus-maze, acute and repeated co-
treatments of yohimbine concomitantly with the
diazepam, losartan or captopril induced a
significant increase in these variables,
antagonised the anxiety and prevented the
behavioural changes induced by yohimbine in
the mouse model.
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The amygdala appears to play a crucial role in
conditioned fear and probably anxiety [75].
Both angiotensin II (AT, and/or AT,) and
norepinephrine receptors are located in the
amygdala [72, 73, 76]. Thus, the anxiety-like
behaviour observed in present results after acute
and repeated administration of yohimbine may
be mediated by interaction between the o
adrenoceptor and angiotensin II (AT; and/or
AT,) receptors in the amygdala. In fact, the
stress-induced anxiety-like behavior may reflect
excessive norepinephrine activity via the central
o adrenoceptor due to block of inhibitory effect
of a, adrenoceptor on norepinephrine release by
yohimbine [77]. This supports the view that
anxiety disorders may be, at least in part, related
to excessive norepinephrine activity [71].
Moreover, functional interaction between
angiotensin II and the neuronal noradrenergic
system may occur [78-80].

The results in the present investigation provide
no evidence of kindling or sensitization to the
effects of yohimbine following 5 days of
repeated pretreatment. In the elevated plus-maze
the anxiogenic response was unchanged from
that following acute administration.

In the present study in normal mice, the drugs
acting on RAS-losartan, and captopril displayed
increased ambulatory activity in center of the
open field, with less fecal boli and immobility
period which indicates the role of angiotensin in
the altered behaviour.

The number of fecal boli in rodents is
considered to be an index of their emotionality
[81, 82], and the reduction in the number of
fecal boli after diazepam administration, a drug
widely prescribed for treatment of anxiety and
related disorders [71] is seen to be consistent
with its anxiolytic action [83]. Thus, an
exaggerated response to a novel environment is
consistent with an increase in anxiety-like state
after drug withdrawal. In our study effects of
captopril or losartan on the diazepam
dependence in the open field, like in EPM
withdrawal from treatment with diazepam for 14
days induced anxiety-like behaviour which is
manifested in the form of decreased ambulatory
activity in center of the open field, with more
fecal boli and immobility period, being
statistically different from the vehicle treated
group. In contrast, that administration of
losartan and captopril for 14 days was not
associated with such changes which is apparent
from not significantly differenent from vehicle
treated group, even after the cessation of
losartan or captopril treatments for the next 24

hours. Co-treatments of diazepam concomitantly
with the losartan or captopril for 14 days, also
attenuated the development of diazepam
withdrawal. The co-treatment of diazepam with
losartan or captopril affords the complete
suppression of the withdrawal-induced-anxiety,
as increased ambulatory activity in center of the
open field, with less fecal boli and immobility
period after this co-treatment is statistically
equivalent to that of the above parameters
exhibited by vehicle treated group of animals on
the 15" days. It was therefore an important
observation that both captopril and losartan
completely prevented the anxiety like behaviour
due to the withdrawal of diazepam in the open
field test.

It is unknown why ACE inhibitors and the AT,
receptor antagonist exerted a differential
behaviour in normal mice and anxious mice.
The possible explanation is that angiotensin,
potentiates  sympathetic  neurotransmission;
hence, the blockade of angiotensin system with
blockers may hyperpolarise the membrane
potential of sympathetic neurons resulting in
normalization of the activity. Further,
angiotensin facilitates catecholamine release
through AT, presynaptic receptor mechanism,
and blockade of this with losartan may also have
a beneficial effect [84]. The difference could
also be accounted on their differences in
neurohormonal  activation, in  bradykinin
potentiation, and in the inhibition of the action
of angiotensin II derived from the classical
pathways [85]. Further, inhibition of ACE
indirectly may prevent the activity of
angiotensin both at AT, and AT, receptors.
Reportes normally indicate that AT, receptors
are involved in the mediation of anxiety [13].
AT, receptors have been reported to have
opposing effects to AT, receptors [86].
Furthermore, AT, receptor Knockout mice
exhibited anxiogenesis, or in other words,
increased AT, receptor activity could result in
anxiolytic activity [16]. Therefore, selective
blockade of AT, receptor by losartan could
produce better anxiolytic activity than captopril,
as captopril will indirectly decrease angiotensin
activity on both AT, and AT, receptors.
Therefore, It can be concluded that RAS has a
significant role on behaviour, and losartan has
shown better effect than captopril in reversing
the anxiogenicity in the normal and anxious
mice, which indicates that a specific blockade of
AT, receptor produces a far more pronounced
effect than blocking the precursor enzyme by
ACE inhibitors. The differential effect of AT,
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receptor blockade in anxious animal and normal
animal is simply due to the fact that in normal
mice the RAS is not hyperactive while it is in
anxious animal.

The reason behind the anxiolytic effect may also
be due to the influence of angiotensin
antagonists  over  benzodiazepines/y-amino
butyric acid (BDZ/GABA) system. In the
present study, losartan, captopril and diazepam
showed a anxiolytic response in normal and
anxious animals, indicating the higher tone of
angiotensin and decreased BDZ/GABA system
in anxiety state. From previous studies, it is
evident that neurons in the hypothalamic
paraventricular nucleus (PVN) are critically
involved in the regulation of neuroendocrine,
cardiovascular, and other  physiological
functions [27]. Stimulation of PVN neurons can
directly and indirectly influence the sympathetic
outflow and blood pressure, especially during
stress and certain types of hypertension [87-89].
Both anatomical and functional evidence
suggest that the PVN plays an important role in
the regulation of autonomic function through
Ang II [90], for instance, the
sympathoexcitatory response induced by central
hyperosmolality is attenuated by blockade of
AT, receptors with losartan in the PVN [91]. Li
et al., [92] claimed that angiotensin II induced
the excitation of PVN neurons, and such effect
was eliminated by an AT, antagonist, losartan,
but not by the AT, antagonist PD 123319. Thus,
the effect of angiotensin II on PVN neurons is
mediated by AT;, but not through AT,,
receptors. Li et al, [93] concluded that
attenuation of GABAergic synaptic inputs
contributes to Ang II-induced excitation of these
PVN neurons, whereas Li et al., [93] determined
the effect of angiotensin II on the excitation of
PVN neurons following blockade of GABAj4
receptors with bicuculline. Li et al., [93] found
that angiotensin II failed to excite the PVN
neurons in the presence of bicuculline,
suggesting that the excitatory effect of
angiotensin Il on PVN neurons is mediated by a
disinhibition (reduction of GABAergic inputs)
mechanism. It can be concluded that RAS is
upregulated in the PVN during disease
conditions such as heart failure, stress, and
hypertension [94-97]. Furthermore, the blood-
born angiotensin II is elevated in these
pathophysiological ~ conditions, and  the
circulating angiotensin II can increase the
excitability of PVN neurons connecting to
circumventricular organs [94, 97-99]. By
attenuation of GABAergic synaptic inputs to

spinally projecting PVN neurons, angiotensin 11
can excite these cells to augment and maintain
the high level of sympathetic outflow during
stress, heart failure, and hypertension [100,
101].

Biochemical and electrophysiological evidence
suggests that AT, and AT, receptors have
antagonistic effects. Activation of AT, and AT,
receptors elicited stimulatory and inhibitory
effects, respectively, on mitogen-activated
protein (MAP) kinase in neurons [102]. Within
the brain, blockade of periventricular AT,
receptors potentiated AT, receptor-mediated
stimulation of drinking and vasopressin
secretion [33]. These studies collectively
suggest that functional interactions between the
two receptor subtypes have a key role in ANG
II-induced neuromodulatory actions in neurons.
An AT, receptor antagonist losartan [103] and
an ACE inhibitor captopril [18], used to abolish
endogenous angiotensin II, produced anxiolytic
activity that suggests that the anxiolytic action
may reflect inhibition of AT, receptors. Thus,
one possible explanation for the anxiolytic-like
behavior observed in the present study with
losartan, may be the manifest activation of AT,
receptor because of the blockade of AT,
receptors in the CNS may cause the release of
AT,-receptor induced anxiolysis which may not
exclude the possibility of the mutual inhibitory
effect of AT, receptor. In angiotensin II-induced
anxiety and blood pressure responses in AT,-
deficient mice, showed that AT, receptor
antagonized the AT;-mediated anxiogenenesis
and pressor action of angiotensin II [104].
Therefore, it is possible that stimulation of
exposed AT, receptors, as well as blockade of
AT, receptors, may contribute to the beneficial
effects of AT, receptor antagonists.

CONCLUSION

It can be concluded that decreasing activity of
RAS either by decreasing the synthesis of
angiotensin II (captopril) or blocking of AT,
receptors (losartan), antagonizes the anxiety
induced-like behaviour. Losartan was better
than captopril in this regard. The possible
mechanism may include RAS interaction with
NA or GABA neurons, hormonal release,
potentiation of AT, receptors, and possible
involvement of bradykinin levels due to
captopril. Further studies to probe into the
possible involvement of the above mechanisms
are envisaged.

26 Journal of Biotechnology and Bioengineering V4 e 12 e 2020



Experimental Induction of Anxiety in Albino Mice and Its Modulation by Some Antianxiety Agents

REFERENCES

(1]

(2]

(3]

(4]

(3]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

[15]

Journal of Biotechnology and Bioengineering V4 e 12 e 2020

Munir S, Gondal AZ, and Takov. V. (2019).
Generalized anxiety disorder. https://www.
ncbi.nlm.nih.gov/books/NBK441870

Wittchen HU, Zhao S, and Kessler RC. (1994).
Generalized anxiety disorder in the National
Comorbidity Survey. Archive Gen Psychiatry.
51:355-364.

Korte SM. (2001). Corticosteroids in relation to
fear, anxiety and psychopathology. Neurosci
Biobehav Rev., 25:117-142.

Pathak NL, Kasture SB., Bhatt NM, and Patel
RG. (2011). Experimental modeling of anxiety.
J Appl Pharm Sci., 1(3): 6-10.

Greenberg PE, Sisitsky T and Kessler RC
(1999). The economic burden of anxiety
disorders in the 1990s. J. Clin. Psychiatry, 60:
427-435.

Kulkarni SK. (2009). Hand book of
experimental pharmacology. Vallabh Prakashan,
Chandigarh. PP.135.

Asano Y. (1986). Characteristics of Open Field
Behavior of Wistar and Sprague-Dawley Rats.
Exper Anim., 3: 505-508.

Crusio w. E., schwegler H. and Van Abeelen J.
H. F. (1989). Behavioral responses to novelty
and structural variation of hippocampus in
mice. I. Quantitative- genetic analysis of
behavior in the open-field. Behav. Brain Res.,
32: 75-80.

Lister RG (1987). The use of a plus-maze to
measure anxiety in the mouse.
Psychopharmacology, 92: 180-185.

Bhattacharya SK and Mitra SK (1991).
Anxiolytic activity of panax ginseng roots: an
experimental study. J. Ethnopharmacol., 34: 87-92.

Bhattacharya S K, Chakrabarti A, Sandler M
and Glover V (1995). Rat brain monoamine
oxidase A and B inhibitory (tribulin) activity
during drug withdrawal anxiety. Neurosci.
Lett. 199:103-106.

Hoggs S (1996). Areview of the validity and
variability of the elevated plus-maze as an
animal model of anxiety. Pharmacol. Biochem.
Behav. 54: 21-30.

Srinivasan J, Suresh B, and Ramanathan M
(2003). Differential anxiolytic effect of
enalapril and losartan in normotensive and
renal hypertensive rats. Physiol. Behavior, 78:
585-591.

Rodgers RJ and Cole JC (1994). The elevated
plus-maze: pharmacology, methodology and
ethology. In: Cooper SJ, Hendrie CA (Editors),
Ethology and Psychopharmacology. Wiley
Chichester. John 9-44.

Bhattacharya SK and Satyan KS (1997).
Experimental evaluation of psychotropic agents
in rodents: 1. Anxiety agents. Ind. J. Exp. Biol.,
35:565-575.

[16]

[18]

[19]

[20]

(21]

[22]

(23]

[24]

[25]

(28]

Okuyama S, Sakagawa T, Chaki S, Imagawa Y,
Ichiki T, and Inagami T (1999). Anxiety-like
behavior in mice lacking the angiotensin II
type-2 receptor. Brain Res., 821: 150-9.

Gard PR, Haigh SJ, Cambursano PT and
Warrington CA (2001). Strain differences in the
anxiolytic effects of losartan in the mouse.
Pharmacol. Biochem. Behav., 69:35-40.

Costall B, Domeney AM, Gerrard PA, Horovitz
ZP, Kelly MA, Naylor RJ, and Tomkins DM
(1990). Effects of captopril and SQ29, 852 on
anxiety-related behaviours in rodent and
marmoset. Pharmacol. Biochem. Behav., 36:
13-20.

Pellow S, Chopin P, File SE, and Briley M
(1985). Validation of open: closed arm entries
in an elevated plus-maze as a measure of anxiety
in the rat. J. Neurosei. Meth., 14: 149-167.

Johnston AL, Baldwin H A, and File S E
(1988). Measures of anxiety and stress in the
rat following chronic treatment with
yohimbine.J. Psychopharmacolgy, 2(1): 33-38.

Handley SL and Mithani S (1984). Effects of
alpha-adrenoceptor agonists and antagonists in
a maze-exploration model of 'fear'-motivated
behaviour. = Naunyn-Schmiedeberg's  Arch.
Pharmacal., 327:1-5.

Montgomery KC (1955). The relation between
fear induced by novelty stimulation and
exploratory behaviour. J. Camp. Physiol.
Psychol., 48: 254-260.

Stephens DN, Meldrum BS, and Weidmann R
(1986). Does the excitatory amino acid receptor
antagonist 2-APH exhibit anxiolytic activity.
Psychopharmacology, 90: 166-196.

Kulkarni SK and Dandiya PC (1973). Effects of
antidepressant agents on open field behaviour
in rats. Psychopharmacologia (Berlin) 33: 333-
338.

Kulkarni SK, Dandiya PC and Jain KM (1974).
A comparative study of the influence of 6-
hydroxydopamine, a-methyltyrosine and 5,6-
dihroxytryptamine, P-chlorophenylalanine on
the open field behaviour of rats. Ind. J. Physiol.
Pharmacol., 18: 324-329.

Kulkarni SK (1977). Open field test: its status
in psychopharmacology. Ind. J. Pharmacol., 9:
241-246.

Swanson LW and Sawchenko PE (1983).
Hypothalamic integration: organization of the
paraventricular and supraoptic nuclei. Annu.
Rev. Neurosci., 6: 269-324.

Fisher-Ferraro C, Nahmod VE, Goldstein DJ,
and Finkielman S (1971). Angiotensin and
renin in the rat and dog brain. J. Exp. Med.,
133:353-361.

Moffet RB, Bumpus MF, and Husain A (1987).
Minireview: cellular organization of the brain

renin- angiotensin system. Life Sci, 41: 1867-
1879.

27


https://www/

Experimental Induction of Anxiety in Albino Mice and its Modulation by Some Antianxiety Agents

[30]

(31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

28

Edling OP, Gohlke M, Paul R, Rettig HM, and
Stauss UM (1995). Physiology of the renin-
angiotensin system, In: Schachter M, Dunitz M
(Editors), ACE Inhibitors: Current use and
future prospects, Publ. London, PP. 3-48.

Hohle S, Blume A, Lebrum C, Culman J and
Unger T (1995). Angiotensin receptors in the brain.
Pharmacology and Toxicology, 77: 306-315.

Chiu AT, Herblin WF, McCall DE, Ardecky
RJ, Carini DJ, Duncia JV, Pease L, Wong PC,
Wexler RR, Johnson AL, and Timmermans PB
(1989). Identification of angiotensin receptor
subtypes. Biochem. Biophys. Res. Commun., 5:
196- 203.

Hohle S, Spitznagel H, Rascher W, Culman J
and Unger T (1995). Angiotensin ATI1-
receptor-mediated vasopressin release and
drinking are potentiated by an AT2 antagonist.
Eur. J. Pharmacol., 275: 277-282.

Griffiths CD, Morgan TO, and Delbridge LM
(2001). Effect of combined administration of
ACE inhibitor and angiotensin II receptor
antagonist are prevented by high NaCl intake.
J. Hypertens, 19: 2087-2095.

Chiu AT, McCall DE, Price WA, Wong PC,
Carini DJ, Duncia JV, Wexler RR, Yoo SE,
Johnson AL, Timmermans PB. (1990).
Nonpeptide angiotensin II receptor antagonists.
VII. Cellular and biochemical pharmacology of
DuP 753, an orally active antihypertensive agent.
J Pharmacol Exper Therap., 252(2): 711-718.

Karwowska PW, Kulakowska A, and Braszko
JJ (1997). Losartan influences behavioural
effects of angiotensin II (3-7) in rats.
Pharmacol. Res., 36: 275-283.

Barnes NM, Costall B, Kelly ME, Murphy DA,
and Naylor RJ (1990). Anxiolytic like action of
DUP753, a non peptide angiotensin II receptor
antagonist. Neuro. Report. 1: 20-21.

Zubenko GA and Nixon RA (1984). Mood
elevating effects of captopril in depressed
patients. Am. J. Psychiatry, 141: 110-111

Croog SH. Levine S, Testa MA, Bropwn B,
Bulpitt CJ, Jenkins CD, Klerman GL, and
Williams GH (1986). The effects of
antihypertensive therapy on the quality of life.
Engl. J. Med., 314: 1657-1664.

Deiken RF (1986) Captopril treatment in
depression. Biol. Psychiatry, 21: 1428-1452

Kulakowska A, Karwowska W, Wisnieski K,
and Braszko JJ (1996). Losartan influences
behavioural effects of angiotensin II in rats.
Pharmacol. Res., 34: 109-115.

Costall B and Naylor RJ (1991). Anxiolytic
potential of 5-HT3 receptor antagonists.
Pharmacol. Toxicol., 70: 157-162.

Wilson W, Voigt P, Bader M, Marsden CA,
and Fink H (1996). Behaviour of the transgenic
(mRen2)27 rat. Brain Res., 729: 1-9.

[44]

[47]

[51]

[52]

[53]

[54]

[55]

[56]

[58]

[59]

Huang BS and Leenen FH (1999). Brain renin-
angiotensin system and ouabain induced
sympathetic hyperactivity and hypertension in
Wistar rats. Hypertension, 34: 107-112.

Jagadeesh G (1998). Angiotensin II receptor:
antagonists, molecular biology, and signal
transduction. Ind. J. Exp. Biol., 36: 1171 -1194.

Denoroy L, Affara S, Astier B, Chamba G,
Saequet J, and Vincent M (1984). Central and
peripheral catecholamine synthesizing enzymes
during the development of two-kidney, one clip
hypertension in rats. J. Hypertens, 2: 183-188.

Zhang J and Leenen FH (2001). AT(1) receptor
blockers prevent sympathetic hyperactivity and
hypertension by chronic ouabain and
hypertonic saline. Am. J. Physiol. Heart. Circ.
Physiol., 280: 1318-1323.

Braszko J and Wisniewski K (1990). Some
behavioural effects of captopril in rats. Gen.
Pharmacol., 21: 851-857.

Linnoila M, Mefford I, Nutt D, and Adinoff B
(1987). Alcohol withdrawal and nor adrenergic
function. Ann. Intern. Med., 107: 875-889.

Baumgartner GR and Rowen RC (1987).
Clonidine vs. chlordiazepoxide in the
management of an acute alcohol withdrawal
syndrome. Arch. Int. Med., 147: 1223-1226.

Gatch MB and Lal H (2001). Animal models of
the anxiogenic effects of ethanol withdrawal.
Drug Dev. Res., 54: 95-115.

Triggle DJ (1995). Angiotensin II receptor
antagonism: losartan-sites and mechanism of
action. Clin. Ther., 17(6): 1005-1030.

Baldessarini RJ (1996). Drugs and the
treatment of psychiatric disorders. In: Hardman
JG, Limbird LE (editors), Goodman and
Gilman's, The Pharmacological Basis of
Therapeutics. The McGraw-Hill Companies,
New York, the CSA. PP. 399-427.

Longo LP and Johnson B (2000). Addiction:
Part 1. Benzodizepines: Side effects, abuse risk
and alternatives. Am. Family Phyisician, 61:
2121-2128.

Lader MH (1999). Limitations on the use of
benzodiazepines in anxiety and insomnia: are
they justified? European Neuro
psychopharmacol., 9 (Suppl 6): 399-404.
Rickels K, Case WG, Downing RW and
Winokut A (1983). Long-term diazepam
therapy and clinical outcome. Am. J. Med.
Association, 250: 767-771.

Woods JH, Katz JL, and Winger G (1987).
Abuse  liabilities  of  benzodiazepines.
Pharmacol. Rev., 39: 251-413.

Ashton H (1984). Benzodiazepine withdrawal:
an unfinished story. Brit. Med. J., 288: 1135-1140.
Busto U, Sellers EM, naranjo CA, Cappell HP,
Sanchez CM, and Sykora K (1986).

Journal of Biotechnology and Bioengineering V4 e 12 e 2020



Experimental Induction of Anxiety in Albino Mice and Its Modulation by Some Antianxiety Agents

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

(71]

[72]

Journal of Biotechnology and Bioengineering V4 e 12 e 2020

Withdrawal reaction after long-term therapeutic
use of benzodiazepines. New Engl. J. Med.,
315: 654: 659.

Kulkarni SK and Sharma A (1994). Reversal
of diazepam withdrawal induced hyperactivty
in mice by BR 16-A (Men tat), a herbal
preparation. Ind. J. Exp. Biol., 32: 886-888.

Madden JS (1984). Psychiatric advances in the
understanding and  treatment of  alcohol
dependence. Alcohol and Alcoholism, 19: 339-353.

Roelofs SM (1985). Hyperventilation, anxiety,
craving for alcohol: a subacute alcohol
withdrawal syndrome. Alcohol, 2: 501-505.

Holmberg G and Gershon S (1961). Autonomic
and  psychic  effects of  yohimbine
hydrochloride. Psychopharmacol., 2(2): 93-106.

Charney DS, Heninger GR, and Redmond DE
(1983). Yohimbine induced anxiety and
increased noradrenergic function in humans:
effects of diazepam and clonidine. Life Sci.,
33(1): 19-29.

Vale W, Spiess J, Rivier C, and Rivier J (1981).
Characterization of a 41 residue ovine
hypothalamic peptide that stimulates secretion
of corticotropin and beta endorphin. Sci., 231:
1394-1397.

Dunn AJ and Berridge CW (1990).
Physiological and behavioral responses to
corticotropin-releasing factor administration: is
CRF a mediator of anxiety of stress responses?.
Brain Res. Rev., 15:71-100.

Owens MJ and Nemeroff CB (1991).
Physiology and pharmacology of corticotropin-
releasing factor. Pharmacal. Rev., 43: 425-473.

Britton KT, Lee G, Vale W, Rivier J, and Koob
GF (1986). Corticotropin releasing factor
(CRF) receptor antagonist blocks activating and

anxiogenic actions of CRF in the rat. Brain
Res., 369: 303-306.

Buwalda B, de Boer SF, van Kalkeren AA and
Koolhaas JM (1997). Physiological and
behavioral effects of chronic intracerebro-
ventricular infusion of corticotropin-releasing
factor in the rat, Psychoneuroendocrinology,
22:297-309.

Buckingham JC (1985). Stimulation and
inhibition of corticotrophine releasing factor
secretion by beta-endorphin. Neuroendocrinol.,
42: 148-152.

Nutt DJ and Glue P (1991). Clinical
pharmacology of anxiolytics and antidepressants:
a psychopharmacological perspective, in: File SE
(Editors), Psychopharmacology of Anxiolytics
and Antidepressants. Pergamon New York, pp.
29-56.

Hauser W, Johren O, Sanvitto JL, Inagami T
and Saavedra JM (1996). Angiotensin II

receptor subtypes in mouse brain. Soc.
Neurosci. Abstr., 22: 1556.

[73]

[74]

[75]

[76]

[77]

[78]

[79]

[80]

[81]

[82]

[83]

[84]

[85]

[86]

[87]

Johren O, Imboden H, Hauser H, Maye I,
Sanvitto GL and Saavedra JM (1997).
Localization of angiotensin-converting enzyme,
an giotensin II, angiotensin II receptor
subtypes, and vasopressin in th mouse
hypothalamus. Brain Res., 757: 218-227.

Tsutsumi K and Saavedra JM (1991).
Characterization ~ and  development  of
angiotensin II receptor subtypes (AT 1 and AT
2) in rat brain. Am. J. Physiol., 261: 209-216.
Davis M (1991). Animal models of anxiety
based on clinical conditioning: the conditioned
emotional response and the fear-potentiated
startle  effect, in: File SE (Editors.),
Psychopharmacology of Anxiolytics and
Antidepressants. Pergamon New York, pp. 187-
Heemskerk FMJ and Saavedra JM (1995).
Quantitative autoradiography of angiotensin II
AT2 receptors with [125]CGP 42112. Brain
Res., 677:29-38.

Berridge CW and Dunn AJ (1989). Restraint-
stress-induced changes in exploratory behavior
appear to be mediated by norepinephrine
stimulated release of CRF. J. Neurosci., 9:
3513-3521.

Gelband CH, Summers C, Lu D, and Raizada
MK (1998). Angiotensin receptors and
norepinephrine neuromodulation: implications
of functional coupling. Regul. Pept., 73:141-147.
Sumners C (1992). Norepinephrine increases
angiotensin II  binding in rat brain
synaptosomes. Brain Res. Bull., 28: 411-415.
Zhu M, Gelband CH, Moore JM, Posner P, and
Sumners C (1998). Angiotensin II type 2
receptor stimnlation of neuronal delayed-
rectifier potassium current involves
phospholipase A2 and arachidonic acid. J.
Neurosci., 18: 679-686.

Brimblecombe RW and Green AL (1962).
Effect of monoamine oxidase inhibitors on the
behavior of rats in Hall's open field. Nature
194: 983.

Hine B (1995). Differential open field reactivity
in HAS and LAS rats. Physiol. Behav., 57: 301-
306.

Fisher CE and Hughes RN (1996). Effects of
diazepam and cyclohexaladenosine on open-
field behavior in rats perinatally exposed to
caffeine. Life Sci., 58:701-709.

Story DF and Zrogas J (1987). Interaction of
angiotensin with noradrenergic neuroeffector
transmission. Trends Pharmacol. Sci., 8: 269-71.
MacFadyen RJ and Reid JL (1994).
Angiotensin receptor antagonists as a treatment
for hypertension. J. Hypertens, 12: 1333-1338.
Inagami T (1994). The renin angiotensin
system. Essays Biochem., 28: 147-64.

Ranson RN, Motawei K, Pyner S, and Coote JH
(1998). The paraventricular nucleus of the
hypothalamus sends efferents to the spinal cord

29



Experimental Induction of Anxiety in Albino Mice and its Modulation by Some Antianxiety Agents

of the rat that closely appose sympathetic
preganglionic neurones projecting to the stellate
ganglion. Exp. Brain Res., 120(2):164-172.

[88] De Wardener HE (2001). The hypothalamus
and hypertension. Physiol. Rev., 81: 1599—1658.

[89] Allen AM (2002). Inhibition of the hypothalamic
paraventricular  nucleus in  spontaneously
hypertensive rats dramatically reduces sympathetic
vasomotor tone. Hypertension, 39: 275-280.

[90] Pan HL (2004). Brain angiotensin II and
synaptic transmission. Neuroscientist, 10: 422-431.

[91] Chen QH and Toney GM (2001). AT(1)-
receptor blockade in the hypothalamic PVN
reduces central hyperosmolality-induced renal
sympathoexcitation. Am. J. Physiol. Regul.
Integr. Comp. Physiol, 281: 1844—-1853.

[92] Li DP, Chen SR and Pan HL (2003).
Angiotensin I stimulates spinally projecting
paraventricular neurons through presynaptic
disinhibition. J. Neurosci., 23: 5041-5049.

[93] Li DP and Pan HL (2005). Angiotensin II
Attenuates Synaptic GABA Release and
Excites Paraventricular Rostral Ventrolateral
Medulla Output Neurons. J. Pharmacol. Exp.
Ther., 313(3): 1035 - 1045.

[94] Harding JW, Jensen LL, Hanesworth JM,
Roberts KA, Page TA and Wright JW (1992).
Release of angiotensins in paraventricular
nucleus of rat in response to physiological and
chemical stimuli. Am. J. Physiol., 262: 17-23.

[95] Qadri F, Edling O, Wolf A, Gohlke P, Culman
J, and Unger T (1994). Release of angiotensin
in the paraventricular nucleus in response to
hyperosmotic stimulation in conscious rats: a
microdialysis study. Brain Res., 637: 45—49.

[96] Li P, Morris M, Diz DI, Ferrario CM, Ganten
D, and Callahan MF (1996). Role of
paraventricular angiotensin AT1 receptors in
salt-sensitive hypertension in mRen-2 transgenic
rats. Am. J. Physiol. 270: 1178-1181.

[97] Dumont EC, Rafrafi S, Laforest S, and Drolet
G (1999). Involvement of central angiotensin
receptors in stress adaptation. Neurosci., 93:
877-884.

[98] Miyakubo H, Hayashi Y, and Tanaka J (2002).
Enhanced response of subfornical organ
neurons projecting to the hypothalamic
paraventricular nucleus to angiotensin II in
spontaneously  hypertensive rats.  Auton.
Neurosci., 95: 131-136.

[99] Zhang ZH, Francis J, Weiss RM, and Felder
RB (2002). The renin-angiotensin system
excites hypothalamic paraventricular nucleus

neurons in heart failure. Am. J. Physiol. Heart
Circ. Physiol., 283: 423-433.

[100]Luchner A, Stevens TL, Borgeson DD,
Redfield MM, Bailey JE, Sandberg SM,
Heublein DM, and Burnett Jr JC (1996).
Angiotensin II in the evolution of experimental
heart failure. Hypertension, 28: 472—-477.

[101]Morato M, Sousa T, Guimaraes S, Moura D,
and Albino-Teixeira A (2002). The role of
angiotensin II in hypertension due to adenosine
receptors blockade. Eur. J. Pharmacol., 455:
135-141.

[102]Huang XC, Richards EM and Sumners C
(1996). Mitogen-activated protein kinases in rat
brain neuronal cultures are activated by
angiotensin II type 1 receptors and inhibited by
angiotensin II type 2 receptors. J. Biol. Chem.,
271: 15635-15641.

[103]Kaiser FC, Palmer GC, Wallace AV, Carr RD,
Fraser-Rae L C, and Hallam C (1992).
Antianxiety properties of the angiotensin II
antagonist DuP 753, in the rat using the
elevated plus-maze. Neuro. Report, 3: 911-924.

[104]Ichiki T, Labosky PA, Shiota C, Okuyama S,
Imagawa Y, Fogo A, Niimura F, Ichikawa I,
Hogan BLM, and Inagami T. (1995). Effects on
blood pressure and exploratory behaviour of
mice lacking angiotensin II type-2 receptor.
Nature 377: 748-750.

Almokhtar A. Adwas & Azab Elsayed Azab, “Experimental Induction of Anxiety in Albino Mice
and its Modulation by Some Antianxiety Agents”, Journal of Biotechnology and Bioengineering, 4(2), 2020,

pp 15-30.

© 2020 Almokhtar A. Adwas & Azab Elsayed Azab, This is an open-access article distributed
under the terms of the Creative Commons Attribution License, which permits unrestricted use, distribution,
and reproduction in any medium, provided the original author and source are credited.

30 Journal of Biotechnology and Bioengineering V4 e 12 e 2020



