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Anxiety disorders are the most prevalent psychiatric disorders being also a comorbid state of other diseases. We aimed to evaluate
the anxiolytic-like effects of carvedilol (CVD), a drug used to treat high blood pressure and heart failure with potent antioxidant
effects, in animals exposed to chronic unpredictable stress (CUS). To do this, female Swiss mice were exposed to different stressors
for 21 days. Between days 15 and 21, the animals received oral CVD (5 or 10mg/kg) or the antidepressant desvenlafaxine (DVS
10mg/kg). On the 22nd day, behavioral tests were conducted to evaluate locomotor activity (open field) and anxiety-like
alterations (elevated plus-maze—EPM and hole board—HB tests). After behavioral determinations, the animals were
euthanized, and the adrenal gland, blood and brain areas, prefrontal cortex (PFC), and hippocampus were removed for
biochemical analysis. CUS reduced the crossings while increased rearing and grooming, an effect reversed by both doses of
CVD and DVS. CUS decreased the number of entries and permanence time in the open arms of the EPM, while all treatments
reversed this effect. CUS reduced the number of head dips in the HB, an effect reversed by CVD. The CUS reduced weight
gain, while only CVD5 reversed this effect. A reduction in the cortical layer size of the adrenal gland was observed in stressed
animals, which CVD reversed. Increased myeloperoxidase activity (MPO) and interferon-γ (IFN-γ), as well as reduction of
interleukin-4 (IL-4) induced by CUS, were reversed by CVD. DVS and CVD increased IL-6 in both brain areas. In the
hippocampus, DVS caused an increase in IFN-γ. Our data show that CVD presents an anxiolytic effect partially associated
with immune-inflammatory mechanism regulation.
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1. Introduction

Affective disorders, including anxiety, are associated with
several comorbidities and impact the quality of life and
social relationships [1–4]. In addition, these disorders are
one of the leading causes of disease-related disability, espe-
cially among women.

Although anxiety etiology is not entirely understood,
many theories have been proposed to explain its pathogene-
sis, including an interaction between biological, social, and
psychological factors [5–8]. Among the risk factors for anx-
iety, environmental stressors are the most relevant. Indeed,
environmental stressors may disrupt the hypothalamic-
pituitary-adrenal axis (HPA) and contribute to the degree
and duration of neuroinflammatory-driven diseases [9–12].
The chronic unpredictable stress model simulates the
chronic exposure to stress factors leading to the develop-
ment of major chronic mood disorders like anxiety and
depression [13]. This animal model induces higher levels
of cytokines in the hippocampus, like interleukin- (IL-) 1β,
IL-6, and IL-2, and decreases motivated behavior [14]. Addi-
tionally, evidence points to the induction of peripheral oxi-
dative and inflammatory (increase in TNF-α, IL-1β, and
IL-6 inflammatory markers and a decrease in IL-10) alter-
ations by CUS [15].

Regarding inflammatory mechanisms in anxiety, recent
studies have pointed to myeloperoxidase (MPO), an enzyme
mainly produced by neutrophils, as an important marker for
anxiety since this enzyme is one of the links between oxida-
tive stress and inflammation [16]. In addition, deregulation
between proinflammatory and anti-inflammatory cytokines
has also been found in patients with anxiety and reported
as one of the mechanisms associated with the pathophysiol-
ogy of anxiety [17].

Anxiety disorders are a cluster of mental disorders that
include, for example, generalized anxiety disorder, social
anxiety disorder (social phobia), panic, and phobias. Due
to the heterogeneity of this mental disorder, the first-line
interventions vary between serotonin reuptake inhibitors,
cognitive behavioral therapy, and benzodiazepines. Unfor-
tunately, less than 60% of patients respond to these treat-
ments. Moreover, many still have residual symptoms or
remain refractory to treatment; therefore, the search for
new therapeutic strategies is urgent [18]. Stress-induced
neuroinflammation may be involved in treatment resis-
tance [19, 20].

Carvedilol (CVD) is a noncardioselective β-blocker with
no negative hemodynamic and metabolic effects associated
with typical blockers [21, 22]. In addition, CVD has signifi-
cant antioxidant, anti-inflammatory, and cardioprotective
properties in various neuropsychiatric disorders [23–28].

Despite the evidence on CVD’s anxiolytic, antioxidant,
and anti-inflammatory properties, no previous studies have
addressed immune-inflammatory alterations as underlying
mechanisms of this drug against stress-related disorders.
Therefore, in this study, desvenlafaxine (DVS) was included
as an antianxiety drug since it treats anxiety disorders like
generalized anxiety disorder and anxiety symptoms of
depression [29].

Therefore, considering CVD’s antioxidant and anti-
inflammatory properties [30–32], the present study is aimed
at evaluating the potential anxiolytic-like effects of CVD
against the CUSmodel, providing a rationale for the repurpos-
ing of this antihypertensive drug for the treatment of anxiety.

2. Material and Methods

2.1. Animals. Female Swiss mice (30-32g) were provided by
the Drug Research and Development Center (NPDM) ani-
mal facility from the Universidade Federal do Ceará. Female
mice were used due to women’s higher prevalence of anxiety
in relation to men [33]. Mice were kept in a controlled tem-
perature environment (22 ± 1°C), with a standard 12-hour
light/dark cycle, and received water and food ad libitum,
except in periods of stress, following the experimental proto-
col. The study followed the ethical principles of the Brazilian
College of Animal Experimentation (COBEA) and the
National Council to Control Animal Experimentation
(CONCEA), which comply with the international rules of
scientific research involving animals [34]. The Local Ethics
Committee approved the project (protocol number 26/2017).

2.2. Drugs

2.2.1. Carvedilol. Carvedilol (CVD, Lab. Biosintética, Aché,
Brazil) was diluted in distilled water and administered orally
(by gavage) for seven consecutive days at a dose of 5 (CVD5)
or 10 (CVD10) mg/kg in a volume of 10ml/kg. According to
the body surface area calculation [35], the doses of 5 and
10mg/kg in mice are equivalent to the CVD’s human anti-
hypertensive doses of 12.5 and 25mg/day, respectively.

2.2.2. Desvenlafaxine. Desvenlafaxine monohydrate succi-
nate (DVS-Lab. Wyeth, Brazil) was macerated and dissolved
in distilled water and administered orally (by gavage) for
seven consecutive days at 10mg/kg in a volume of 10ml/
kg. DVS dose was determined based on previous studies
from our laboratory [36, 37].

2.3. Experimental Protocol. Mice were subjected to varying
stressors for 21 days [38], as represented in Table 1. In addi-
tion, the CUS model was used to study anxiety-like changes
induced by exposure to stress [39].

On the twenty-second day of the protocol, the animals
received the last dose of water, CVD, or DVS. After 1 hour,
open field, elevated plus maze, and hole board tests were con-
ducted. In addition, an observer blinded to the experimental
groups recorded the mice’s behavior. Immediately after the
behavioral tests, the animals were euthanized by rapid decap-
itation, and their adrenals, blood, and brains were removed for
further neurochemical and histological analysis. Figure 1
depicts the experimental design of the study.

To minimize the stress caused by behavioral tests and
the number of animals used, the 160 animals used here were
randomly distributed into two cohorts: (I) 80 animals were
used to assess weight gain, open field and histological analy-
sis of the adrenal gland, and measurement of MPO activity
in the prefrontal cortex (PFC) and hippocampus; and (II)
80 animals were used to assess elevated plus maze and hole
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board performance, as well as corticosterone and cytokine
concentrations.

Considering that the animals were randomly divided
into two experimental blocks, the number of animals used
between the tests varied due to the expected exclusions
caused by animals that presented discrepant or stereotyped
behavior throughout the experimental protocol. In addition,
biochemical and histological tests also require a smaller
number of animals for an accurate analysis of the data given
the methodology used.

The number of animals was calculated using the
“resource equation” method. This method is used when it
is not possible to assume effect sizes. According to this

method, the value “E” is measured based on the degree of
freedom of ANOVA [40]. Based on this calculation, it was
decided to use a minimum of 6 animals/group.

2.4. Behavioral Assessment

2.4.1. Open Field Test. The open field area was made of
transparent acrylic walls and a black floor (30 cm × 30 cm
× 15 cm) divided into nine equal-area squares. Rearing and
grooming behaviors were evaluated for five minutes [41].

2.4.2. Elevated Plus-Maze Test. The elevated plus-maze test
for mice consisted of two perpendicular open arms

Table 1: Daily stressors used in chronic unpredictable stress induction. Adapted from Kumar, Kuhad, and Chopra [38].

Day Time/period Stressors

1st 5min/morning Swimming in cold water (12°C)

2nd 30s/afternoon Tail pinch

3rd 24 h/night Water and food deprivation

4th 12h/night Night lighting

5th — No stress

6th 15min/morning Swimming in water at room temperature (23 ± 2°C)
7th 60s/afternoon Tail pinch

8th 5min/morning Swimming in cold water (12°C)

9th 12h/night Night lighting

10th — No stress

11th 10min/morning Swimming in water at room temperature (23 ± 2°C)
12th 90s/afternoon Tail pinch

13th 5min/morning Swimming in cold water (12°C)

14th 24 h/afternoon Water and food deprivation

15th 12h/night Night lighting

16th — No stress

17th 24 h/morning Water and food deprivation

18th 60s/afternoon Tail pinch

19th 15min/morning Swimming in water at room temperature (23 ± 2°C)
20th 12 h/night Night lighting

21st 5min/morning Swimming in cold water (12 °C)

Start of protocol
of CUS

Start of treatment
with vehicle, CVD

or DVS

End of protocol of CUS

Last administration
Behavioral assessement

Dissection of brain areas

No stress

Chronic unpredictable stress

1 15 21 22 dias

No stress + vehicle or CVD5 or
CVD10 or DVS

Chronic unpredictable
stress + vehicle or CVD5

or CVD10 or DVS

Figure 1: Schematic overview of the experimental design. CUS: chronic unpredictable stress; CVD: carvedilol; DVS: desvenlafaxine.
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(30 × 5 cm) and two perpendicular closed arms (30 × 5 ×
25 cm). The open and closed arms were connected by a cen-
tral platform (5 × 5 cm). The maze was 45 cm above the
floor. Each animal was placed at the center of the apparatus
and was observed for 5min to evaluate the following param-
eters: the number of entries in the open arm (NEOA), num-
ber of entries in the closed arms (NECA), the permanence
time in open arms (PTOA), and permanence time in closed
arms (PTCA) [42].

2.4.3. Hole Board Test. This test was conducted in an appa-
ratus with 16 evenly spaced holes with built-in infrared sen-
sors (Ugo Basile, Brazil). In brief, the number of head dips
into the holes was counted for 5min for each animal [43].

2.5. Weight Measurement. Each animal’s weight (g) was
recorded throughout the experimental protocol every two
days. Weight measurement was performed between 9 and
10 a.m. At the end of the protocol (21st day), the animals’
weight gain (g) was verified in relation to the first day of
the experimental protocol.

2.6. Adrenal Gland Area and Corticosterone Evaluation. The
adrenals were removed and fixed in 10% buffered formalde-
hyde until paraffinization. Then, the adrenals were cut and
stained with hematoxylin-eosin to measure the cortical zone
area of the adrenal gland. The analysis was performed using
the ImageJ2 version (Wayne Rasband, National Institutes of
Health, USA, disponível no endereço eletrônico http://
rsbweb.nih.gov/ij/index.html.) and expressed in mm2.

Serum corticosterone levels were measured using a corti-
costerone ELISA kit (Thermo Fisher Scientific, Waltham,
MA, USA). The range of the detectable level was 78,125-
10,000 pg/mL, determined by absorbance of 450nm.

2.7. Neurochemical Assessment. The neurochemical determi-
nations were conducted in the prefrontal cortex and hippo-
campus. For the MPO assay, brain regions were immediately
homogenized and tested. Then, the brain areas were stored
at -80°C until assayed to measure interleukin concentrations.

2.7.1. Myeloperoxidase Activity (MPO). In a 0.5% hexadecyl-
trimethylammonium bromide solution, the brain areas were
homogenized in 50mM phosphate buffer (HTAB, pH6).
They were then centrifuged (40,000 g for 15 minutes at
4°C), and the MPO activity in the supernatant (0.1mL)
was measured using a spectrophotometer at 0 and 3 minutes
(460 nm) [44]. For MPO units (U) calculation, we subtracted
the values of the absorbances at baseline and after 3min and
calculated using a standard MPO curve. Thus, the results
were expressed as U of MPO/mg of tissue.

2.7.2. Interleukin- (IL-) 4, IL-6, and Interferon- (IFN-) γ
Concentrations. The PFC and HC were homogenized in 8
volumes of PBS buffer with protease inhibitors (EMD Bio-
sciences) and phosphatase (Sigma-Aldrich) to be later cen-
trifuged (10,000 rpm, 5min). The supernatant was used
without dilution. According to the manufacturer’s protocol,
the concentration of cytokines in 50μL of samples was

determined by ELISA (R&D Systems, Minneapolis, MN,
USA) and expressed in pg/g of tissue.

2.8. Statistical Analysis. The statistical analysis was per-
formed with GraphPad Prism 8.0 for Windows, GraphPad
Software (San Diego, CA, USA). Two-way ANOVA consid-
ering the factors “treatment” (vehicle, CVD5, CVD10, and
DVS) and “CUS model” (control and CUS) was used to eval-
uate behavioral data, MPO activity, body weight, and area of
cortical and medullary adrenal zones. One-way ANOVA
was used to evaluate data on cytokines and corticosterone.
In both conditions, a Turkey post hoc test was performed.

Considering that no significant changes in the behavioral
evaluations were observed between nonstressed mice treated
with the drugs and the control group, we decided to perform
the other assessments, i.e., weight changes, MPO activity,
serum corticosterone, and cytokines only in the groups
exposed to CUS and control, to reduce the number of ani-
mals used in the experiments.

All results are expressed as means ± S:E:M (standard
error of the mean). Before ANOVA, Kolmogorov-Smirnov
(distance) test was conducted to verify the normal distribu-
tion of the data. For all analyses, was considered the signifi-
cance level at α = 0:05.

3. Results

3.1. CVD and DVS Revert Locomotor Alterations Induced by
the CUS-Model. In the analysis of locomotor activity
(Figure 2(a)), CUS caused a significant reduction in the
number of crossings when compared with the control group
(P < 0:001), while CVD (P < 0:001), in both doses, and DVS
(P < 0:0001) reversed this effect (two-way ANOVA results:
interaction (F ð3, 40Þ = 5:802, P = 0:0022); main effect of
“treatment” (F ð3, 40Þ = 9:800, P < 0:0001); and “CUS”
(F ð1, 40Þ = 8:408, P = 0:0060)).

Besides that, rearing behavior (Figure 2(b)) increased in
animals exposed to CUS in relation to control (P < 0:01),
while all treatments reversed this alteration (P < 0:01)
(two-way ANOVA results: interaction (F ð3, 40Þ = 7:428, P
= 0:0005); main effect of “treatment” (F ð3, 40Þ = 3:158, P
= 0:0350)).

In the evaluation of grooming behavior (Figure 2(c)),
there was an increase by CUS in relation to control mice
(P < 0:0001), while CVD at both doses and DVS significantly
reversed this alteration (P < 0:0001) (two-way ANOVA
results: interaction (F ð3, 42Þ = 51:49, P < 0:0001); main
effect of “treatment” (F ð3, 42Þ = 50:58, P < 0:0001); and
“CUS” (F ð1, 42Þ = 85:28, P < 0:0001)).

3.2. CVD and DVS Reverse Anxiety-Like Behavior Induced by
the CUS-Model. CUS caused a decrease in the number of
entries (Figure 3(a); P < 0:001) and permanence time
(Figure 3(c); P < 0:0001) in the open arms and an increase
in the number of entries (Figure 3(b); P < 0:0001) and per-
manence time (Figure 3(d); P < 0:0001) in the closed arms
when compared with the control group. Treatment with
CVD5 (NEOA: P < 0:0001; NECA: P < 0:001; PTOA: P <
0:0001; PTCA: P < 0:0001), CVD10 (NEOA: P < 0:0001;
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NECA: P < 0:0001; PTOA: P < 0:0001; PTCA: P < 0:0001),
or DVS (NEOA: P < 0:0001; NECA: P < 0:01; PTOA: P <
0:0001; PTCA: P < 0:0001) reversed all alterations caused
by CUS in this test. Interestingly, treatment with DVS in
the absence of CUS increased the permanence time in the
closed arms compared with control (P < 0:01) (two-way
ANOVA results: NEOA interaction (F ð3, 63Þ = 15:99, P <
0:0001); NECA interaction (F ð3, 63Þ = 7:895, P = 0:0001);
PTOA interaction (F ð3, 63Þ = 14:44, P < 0:0001); and PTCA
interaction (F ð3, 63Þ = 15:63, P < 0:0001)).

In the analysis of the number of head dips (Figure 4),
CUS exposure decreased the number of head dips in relation
to the control group (P < 0:05). Only CVD, in both doses,
reversed the alterations caused by CUS (P < 0:05) (two-way
ANOVA results: interaction (F ð3, 43Þ = 8:712, P = 0:0001)).

3.3. Effects of CUS and Anxiolytic Strategies on Body Weight.
The CUS model reduced the mice’s weight (Figure 5) gain
when compared with the control (P < 0:001), while only
the treatment with CVD5 (P < 0:001) reversed this effect
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Figure 2: Effects of CVD and DVS treatment in the open field parameters, crossings (a), rearing (b), and grooming (c) in mice subjected to
the CUS model. The animals were subjected to different stressors for 21 days. Between the 15th and 21st days of the stress protocol, mice
received CVD (5 or 10mg/kg, p.o.) or DVS (10mg/kg, p.o.). On the 22nd day, the animals were submitted to the open field test, 1 h after
administering drugs, without applying stressors. Each column represents the mean ± SEM (n = 6 − 9 animals/group). ∗∗P < 0:01, ∗∗∗P <
0:001, and ∗∗∗∗P < 0:0001 according to Tukey’s multiple comparison test. Abbreviations: CUS: chronic unpredictable stress; CVD:
carvedilol; DVS: desvenlafaxine.
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(two-way ANOVA results: interaction (F ð3, 56Þ = 5:615, P
= 0:0019)).

3.4. Effects of CUS and Anxiolytic Strategies on Cortical
Adrenal Zone Area and Corticosterone Levels. The assess-
ment of the cortical adrenal zone area (Figure 6(a)) showed
that CUS caused an increase in the cortical adrenal zone area
when compared with the control group (P < 0:01), while

CVD5 (P < 0:001), CVD10 (P < 0:01), and DVS (P < 0:001)
reversed this effect. On the other hand, no statistically signif-
icant effect was observed in the measurement of serum cor-
ticosterone (Figure 6(b)).

3.5. Effects of CVD and DVS Treatment on MPO Activity. In
the evaluation of MPO activity in the PFC (Figure 7(a)),
CUS increased MPO activity in this brain area when
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Figure 3: Effects of CVD and DVS treatment on plus-maze test parameters, number of entries in open arms-NEOA (a) and closed arms-
NECA (b), and permanence time in open arms-PTOA (c) and closed arms-PTCA (d), in the CUS model. The animals were subjected to
different stressors for 21 days. Between the 15th and 21st days of the stress protocol, the mice received CVD (5 or 10mg/kg, p.o.) or DVS
(10mg/kg, p.o.). On the 22nd day, the animals were submitted to the elevated plus-maze test, 1 h after administering drugs, without the
application of stressors. Each column represents the mean ± SEM (n = 8 − 10 animals/group). ∗P < 0:05, ∗∗P < 0:01, ∗∗∗P < 0:001, and
∗∗∗∗P < 0:0001 according to Tukey’s multiple comparison test. Abbreviations: CUS: chronic unpredictable stress; CVD: carvedilol; DVS:
desvenlafaxine; NEOA: number of entries in open arms; NECA: number of entries in closed arms; PTOA: permanence time in open
arms; PTCA: permanence time in closed arms.
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compared with the control (P < 0:001), while only CVD
treatment, in both doses, reversed the CUS effect (P < 0:01)
(two-way ANOVA results: main effect of “treatment”
(F ð3, 45Þ = 7:357; P = 0:0004) and “CUS” (F ð1, 45Þ = 21:03
; P < 0:0001)).

In the analysis of MPO activity in the hippocampus
(Figure 7(b)), CUS increased MPO activity in this brain area
when compared with the control (P < 0:01), while treatment
with CVD5 (P < 0:0001), CVD10 (P < 0:001), and DVS
(P < 0:05) reversed CUS effect (two-way ANOVA results:
interaction (F ð3, 43Þ = 6:457; P = 0:0010)).

3.6. Effects of CVD and DVS Treatment on Brain Cytokine
Concentrations. In the PFC (Figure 8(a)), CUS caused a sig-
nificant decrease in IL-4 concentrations when compared
with the control group (P < 0:01). In this area, none of the
treatments reversed the effect caused by CUS.

On the other hand, no changes were observed in the hip-
pocampus (Figure 8(b)).

CUS did not alter IL-6 levels in the PFC (Figure 8(c)) in
relation to the control group. However, treatment with DVS
(P < 0:0001), CVD5 (P < 0:05), or CVD10 (P < 0:05) signifi-
cantly increased IL-6 concentrations when compared to con-
trol group.

Like the effects in the PFC, CUS did not cause any
change in IL-6 concentrations in the hippocampus
(Figure 8(d)) compared with the control group. However,
all treatments significantly increased the concentrations of

this cytokine when compared with the control and CUS
groups (P < 0:001).

In the PFC (Figure 8(e)), CUS caused a significant
increase in IFN-γ concentrations when compared with the
control group (P < 0:01). Only the CVD10 treatment
reversed the effect caused by CUS (P < 0:05). CUS did not
cause changes in the concentrations of IFN-γ in the hippo-
campus (Figure 8(f)) when compared with the control group
(F ð4, 25Þ = 3:699; P = 0:0169). On the other hand, treatment
with DVS induced higher concentrations of this cytokine
compared with the control group (P < 0:05).

4. Discussion

In the present study, CUS induced behavioral alterations
that mimic anxiety in apparatus that are well-validated for
this end, namely, plus-maze and role board tests [36,
45–48]. In this regard, we observed decreased number of
entries and time spent in the open arms, increased entries
and permanence time in the closed arms of the plus-maze,
and decreased head dips in the role board test. Additionally,
we observed reduced weight gain, increased adrenal area,
and proinflammatory alterations in brain areas related to
mood regulation, namely, PFC and hippocampus. The
administration of CVD reversed all behavioral and some
neuroinflammatory alterations induced by CUS and weight
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after administering drugs, without the application of stressors.
Each column represents the mean ± SEM (n = 6 − 8 animals/
group). ∗P < 0:05 according to Tukey’s multiple comparison test.
Abbreviations: CUS: chronic unpredictable stress; CVD: carvedilol;
DVS: desvenlafaxine.
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Figure 5: Effects of CVD and DVS treatment on weight gain in the
CUS model. The animals were subjected to different stressors for
21 days. Between the 15th and 21st days of the stress protocol, the mice
received CVD (5 or 10mg/kg, p.o.) or DVS (10mg/kg, p.o.). The
animals’ weight was recorded in grams every 2 days throughout
the experimental protocol. The weight gain was calculated based
on changes in body weight from day 21 relative to the bodyweight
on day 1. Each column represents the weight gain ± SEM (n =
8 animals/group). ∗∗∗P < 0:001, and ∗∗∗∗P < 0:0001 according to
Tukey’s multiple comparison test. Abbreviations: CUS: chronic
unpredictable stress; CVD: carvedilol; DVS: desvenlafaxine.
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gain changes. On the other hand, DVS, used here as an anti-
depressant drug to treat anxiety disorders, could not reverse
weight gain and some proinflammatory alterations induced
by CUS. Our results revealed that CVD might be an impor-
tant strategy for treating anxiety disorders.

Repeated exposure to stress induces adaptive changes in
the brain involving the cumulative action of glucocorticoids
that facilitate the development of stress-related psychiatric
disorders, including anxiety [49]. For example, anxiety dis-
orders are marked by excessive fear and autonomic nervous
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Figure 6: Effects of CVD and DVS treatment on adrenal cortex area (a) and corticosterone serum concentrations (b) in a CUS model. The
animals were subjected to different stressors for 21 days. Between the 15th and 21st days of the stress protocol, the mice received CVD (5 or
10mg/kg, p.o.) or DVS (10mg/kg, p.o.). On the 22nd day, the animals were euthanized, and their blood and adrenals were collected. Each
column represents the mean ± SEM (n = 4 − 5 animals/group). ∗∗P < 0:01, ∗∗∗P < 0:001 according to Tukey’s multiple comparison test.
Abbreviations: CUS: chronic unpredictable stress; CVD: carvedilol; DVS: desvenlafaxine.
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Figure 7: Effects of CVD and DVS treatment on myeloperoxidase (MPO) activity in the prefrontal cortex (a) and hippocampus (b). The
animals were subjected to different stressors for 21 days. Between the 15th and 21st days of the stress protocol, the mice received CVD (5
or 10mg/kg, p.o.) or DVS (10mg/kg, p.o.). On the 22nd day, the animals were euthanized. Each column represents the mean ± SEM
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Abbreviations: CUS: chronic unpredictable stress; CVD: carvedilol; DVS: desvenlafaxine; MPO: myeloperoxidase; PFC: prefrontal cortex;
HC: hippocampus.
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Figure 8: Effects of CVD and DVS treatment on IL-4 ((a) prefrontal cortex; (b) hippocampus), IL-6 ((c) prefrontal cortex; (d)
hippocampus), and IFN-γ ((e) prefrontal cortex; (f) hippocampus) concentrations. The animals were subjected to different stressors for
21 days. Between the 15th and 21st days of the stress protocol, the mice received CVD (5 or 10mg/kg, p.o.) or DVS (10mg/kg, p.o.). On
the 22nd day, the animals were euthanized and had the prefrontal cortex and hippocampus dissected. Each column represents the
significance ± SEM (n = 6 − 8 animals/group). ∗P < 0:05, ∗∗P < 0:01, ∗∗∗P < 0:001, and ∗∗∗∗P < 0:0001 according to Tukey’s multiple
comparison test. Abbreviations: CUS: chronic unpredictable stress; CVD: carvedilol; DVS: desvenlafaxine; IL-4: interleukin-4; IL-6:
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system activity changes, like increased heart rate and blood
pressure [50]. To date, antidepressant drug treatment is the
clinical standard for all anxiety disorders [51].

In the present study, we performed the open field test
besides performing validated tests to evaluate anxiety-like
behaviors in rodents, namely, plus-maze and role board
tests, to expand the behavioral assessment. We observed that
CUS caused a reduction in locomotor activity (evaluated by
the number of crossings), a behavioral alteration already
reported in different animal models of anxiety [36, 52, 53].
Psychomotor retardation is an important symptom of gener-
alized anxiety disorder [54–56]. Other important parameters
measured in the open field test and relevant for anxiety were
rearing and grooming behaviors. Indeed, previous findings
have shown a relationship between altered rearing and anx-
iety in animal models [57, 58]. Regarding grooming, we
observed higher levels in CUS-exposed animals. This param-
eter is extensively investigated in animal models of anxiety
[29, 59, 60]. Our results, therefore, reinforce the idea that
CUS causes anxiety-like behavior.

We observed that both CVD and DVS improved psycho-
motor performance and anxiety-related parameters evalu-
ated in the open field test [56, 61]. It deserves to be
mentioned that the anxiolytic effect of DVS is already well
established in the literature [29, 36, 62], which is not true
for CVD.

Accumulated evidence reveals that stress is associated
with the activation of neuroendocrine pathways culminating
in the development of anxiety disorders. One of the mecha-
nisms related to this dysregulation is the activation of beta-
adrenergic receptors in glial cells and some brain regions.
Thus, the blockade of these receptors seems to be an impor-
tant anxiolytic strategy already observed in animal models
and human studies [63–67]. Indeed, we observed that
CVD was superior to DVS in regulating anxiety-like alter-
ations induced by CUS, probably due to its nonselective
blockade of adrenergic receptors.

Weight changes are often observed in patients with
depression and anxiety, and this symptom is considered
for the diagnostic classification [54]. In this regard, the liter-
ature has already documented that stress promotes the
mobilization of the body’s energy reserves as an adaptation
mechanism to respond to threatening situations. Further-
more, stress-induced hyperactivation of the HPA axis and
the sympathetic nervous system causes a positive and dialec-
tical regulatory mechanism between these two systems asso-
ciated with anorexia hypophagia and weight loss [68, 69].

Our findings showed that CVD5 reversed the weight
changes caused by CUS. This effect is probably associated
with the adrenergic blocking action of CVD, considering
that the stimulation of lipolysis and the release of fatty acids
from adipose tissue and glycogenolysis and gluconeogenesis
in the liver are activities regulated by alpha- and beta-
adrenergic receptors [70, 71]. However, this appears to be
a dose-dependent effect, as only the lowest dose reversed
the weight loss caused by CUS.

In line with stress deregulation of the HPA axis [72, 73],
CUS increased the adrenal cortical layer area. However, this
alteration was reversed by both CVD and DVS. This effect is

probably related to a regulation of stress-induced adrenocor-
ticotropic hormone (ACTH) stimulation on cells in this
region, especially the glomerulus layer [72, 74].

Given the importance of proinflammatory alterations as
underlying mechanisms of anxiety, we decided to investigate
the activity of MPO and the levels of pro- and anti-
inflammatory cytokines in the PFC and hippocampus. We
observed that CUS induced increased activity of MPO in
the PFC and hippocampus, which was reversed in both brain
areas by the two doses of CVD and only in the hippocampus
by DVS. MPO is produced by leukocytes [75–77], represent-
ing an important link between these oxidative mechanisms
and inflammation [78]. Furthermore, this enzyme is an
important biomarker for mental disorders [76].

Previous studies indicate that the microglial reactivity
observed in stressful situations is associated with noradrena-
line’s direct activation of beta-adrenergic receptors. This
beta-adrenergic activation of microglia cells contributes to
synthesizing and releasing inflammatory mediators and oxi-
dative stress [75, 79, 80]. Since CVD is a nonselective beta-
blocker with alpha-blocker properties, this drug seems to
present advantages for treating neuropsychiatric disorders
associated with a dysregulation in adrenergic and inflamma-
tory mechanisms.

Among the cytokines involved in the pathophysiology of
anxiety, IL-4 stands out for its anti-inflammatory activity.
Here, we observed that CUS caused a reduction in IL-4 con-
centrations in the PFC. This result is in line with studies
indicating that low concentrations of IL-4 are associated
with anxiety symptoms [81]. However, in our experimental
conditions, the drugs could not reverse CUS-induced alter-
ations in IL-4. Therefore, the observed absence of effects
may probably be related to the short administration time
of these drugs (only 7 days).

Besides being related to the neurobiology of anxiety [49,
82, 83], in our results, we did not observe CUS-induced
alterations in IL-6 levels in the PFC, nor in the hippocam-
pus. Furthermore, several studies indicate that the chronic
stress protocol of 28 days or more can be more robust when
mimicking a greater variety of neurochemical and behav-
ioral changes, including changes in brain cytokines. Finally,
it is worth noting that the stressors used in the protocol
and the sex of the animals can influence the observed find-
ings [84–86] since females are less prone to developing brain
inflammatory alterations compared with males [87].

On the other hand, treatments with CVD or DVS
increased IL-6 concentrations in relation to control animals.
This is an intriguing result that must be further explored.
Indeed, the cellular expression of the membrane-bound
and soluble forms of IL-6R (Interleukin-6 receptor) and its
receptor, gp130 (Glycoprotein 130) is modulated by many
factors, including proteases, cytokines, chemical drugs, and
intracellular signaling pathways, contributing to IL-6 pro-
and anti-inflammatory effects [88]. In addition, IL-6 regu-
lates the HPA axis, and possibly the alteration observed here
is related to this effect [49].

Several studies have reported high circulating levels of
IFN-γ in anxiety patients [89, 90]. In addition, some anxio-
lytics can antagonize IFN-γ signaling [91–93].
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Here, CVD10 reversed the increase in IFN-γ caused by
CUS in the PFC. Corroborating this idea, previous findings
indicate that treatment with selective serotonin reuptake
inhibitors decreases the expression of IFN-γ mRNA in
patients with anxiety [94]. Despite this, in our results, DVS
did not reverse the CUS-induced increase in PFC IFN-γ
levels but instead increased the levels of this cytokine in
the hippocampus. This result is divergent from the literature
and requires further investigation.

Clinical and preclinical studies have already reported the
anxiolytic effect of CVD, strengthening the data presented
here [63, 64, 66, 67]. However, studies addressing neuroin-
flammatory mechanisms underlying the action of this drug
are still scarce, mainly using stress models of anxiety.

5. Conclusion

The present study is the first to demonstrate that anti-
inflammatory mechanisms underlie CVD anxiolytic action
in an animal model of anxiety/depression induced by CUS.
We also showed here that the effect of CVD was superior
to DVS in some parameters, revealing that the nonselective
blockade of adrenergic receptors combined with antioxidant
and possibly immunoregulatory effects of this drug is rele-
vant for the reversal of behavioral and neurobiological alter-
ations induced by repeated stress exposure. Besides that,
cardiovascular changes like hypertension or heart failure
are commonly observed in anxiety patients emphasizing
the repurposing of CVD as a therapeutic alternative for
patients with depression and anxiety, therefore reducing
the need for polypharmacy and the side effects observed in
the current pharmacotherapy.

Data Availability

The behavioral and neurochemical data used to support the
findings of this study are included within the article.

Conflicts of Interest

The authors declare no conflicts of interest.

Acknowledgments

This study was supported by grants from the Brazilian gov-
ernment Institutions CNPq, CAPES, and FUNCAP.

References

[1] A. Canuto, K. Weber, M. Baertschi et al., “Anxiety disorders in
old age: psychiatric comorbidities, quality of life, and preva-
lence according to age, gender, and country,” American Jour-
nal of Geriatric Psychiatry, vol. 26, no. 2, pp. 174–185, 2018.

[2] S. Giovanoli, H. Engler, A. Engler, J. Richetto, M. Voget,
R. Willi, and C. Winter, Eds.M. A. Riva, P. B. Mortensen,
J. Feldon, and M. Schedlowski, “Stress in Puberty Unmasks
Latent Neuropathological Consequences of Prenatal Immune
Activation inMice,” Science, S. Giovanoli, H. Engler, A. Engler,
J. Richetto, M. Voget, R. Willi, and C. Winter, Eds., vol. 339,
no. 6123, pp. 1095–1099, 2013.

[3] S. Korkmaz, A. Kazgan, S. Çekiç, A. S. Tartar, H. N. Balcı, and
M. Atmaca, “The anxiety levels, quality of sleep and life and
problem-solving skills in healthcare workers employed in
COVID-19 services,” Journal of Clinical Neuroscience,
vol. 80, pp. 131–136, 2020.

[4] A. Koyuncu, E. İnce, E. Ertekin, and R. Tükel, “Comorbidity in
social anxiety disorder: diagnostic and therapeutic challenges,”
Drugs in Context, vol. 8, pp. 1–13, 2019.

[5] E. Assary, J. P. Vincent, R. Keers, and M. Pluess, “Gene-envi-
ronment interaction and psychiatric disorders: review and
future directions,” Seminars in Cell and Developmental Biol-
ogy, vol. 77, pp. 133–143, 2018.

[6] A. A. Bartlett, R. Singh, and R. G. Hunter, “Anxiety and epige-
netics,” In Advances in Experimental Medicine and Biology,
vol. 978, pp. 145–166, 2017.

[7] M. A. Schiele and K. Domschke, “Epigenetics at the crossroads
between genes, environment and resilience in anxiety disor-
ders,” Genes, Brain and Behavior, vol. 17, no. 3, 2018.

[8] C. Ziegler, M. A. Schiele, and K. Domschke, “Patho- and ther-
apyepigenetics of mental disorders,” Der Nervenarzt, vol. 89,
no. 11, pp. 1303–1314, 2018.

[9] J. C. Felger, “Imaging the role of inflammation in mood and
anxiety-related disorders,” Current Neuropharmacology,
vol. 16, no. 5, pp. 533–558, 2018.

[10] V. Michopoulos, A. Powers, C. F. Gillespie, K. J. Ressler, and
T. Jovanovic, “Inflammation in fear- and anxiety-based disor-
ders: PTSD, GAD, and beyond,” Neuropsychopharmacology,
vol. 42, no. 1, pp. 254–270, 2017.

[11] L. S. Novaes, N. Barreto, R. F. P. dos Santos et al., “Environ-
mental enrichment protects against stress-induced anxiety:
role of glucocorticoid receptor, ERK, and CREB signaling in
the basolateral amygdala,” Neuropharmacology, vol. 113,
pp. 457–466, 2017.

[12] J. M. Peirce and K. Alviña, “The role of inflammation and the
gut microbiome in depression and anxiety,” Journal of Neuro-
science Research, vol. 97, no. 10, pp. 1223–1241, 2019.

[13] S. Monteiro, S. Roque, D. de Sá-Calçada, N. Sousa, M. Correia-
Neves, and J. J. Cerqueira, “An efficient chronic unpredictable
stress protocol to induce stress-related responses in C57BL/6
mice,” Frontiers in Psychiatry, vol. 6, 2015.

[14] K. D. Mograbi, D. Suchecki, S. G. da Silva, L. Covolan, and
C. Hamani, “Chronic unpredictable restraint stress increases
hippocampal pro-inflammatory cytokines and decreases moti-
vated behavior in rats,” Stress, vol. 23, no. 4, pp. 427–436, 2020.

[15] A. L. López-López, H. J. Bonilla, M. del Carmen et al.,
“Chronic unpredictable mild stress generates oxidative stress
and systemic inflammation in rats,” Physiology & Behavior,
vol. 161, pp. 15–23, 2016.

[16] M. Maes, K. L. Bonifacio, N. R. Morelli et al., “Generalized
anxiety disorder (GAD) and comorbid major depression with
GAD are characterized by enhanced nitro-oxidative stress,
increased lipid peroxidation, and lowered lipid-associated
antioxidant defenses,” Neurotoxicity Research, vol. 34, no. 3,
pp. 489–510, 2018.

[17] B. Li, T. Gao, and D. Jing, “Neuroimmune imbalance: the key
for the treatment of anxiety?,” Journal of Immunological Sci-
ences, vol. 3, no. 3, pp. 14–16, 2019.

[18] A. Bystritsky, “Treatment-resistant anxiety disorders,” Molec-
ular Psychiatry, vol. 11, no. 9, pp. 805–814, 2006.

[19] V. Michopoulos, A. Powers, C. F. Gillespie, K. J. Ressler, and
T. Jovanovic, “Inflammation in fear-and anxiety-based

11Oxidative Medicine and Cellular Longevity



disorders: PTSD, GAD, and beyond,” Neuropsychopharmacol-
ogy, vol. 42, no. 1, pp. 254–270, 2017.

[20] S. Rooney, A. Sah, M. S. Unger et al., “Neuroinflammatory
alterations in trait anxiety: modulatory effects of minocycline,”
Translational Psychiatry, vol. 10, no. 1, p. 256, 2020.

[21] G. Leonetti and C. G. Egan, “Use of carvedilol in hypertension:
an update,” Vascular Health and Risk Management, vol. 8,
pp. 307–322, 2012.

[22] E. V. Veiga, M. S. Nogueira, E. C. Cárnio et al., “7a Diretriz
Brasileira de Hipertensão Arterial,” Revista Da Sociedade Bra-
sileira De Cardiologia, vol. 107, no. 3, pp. 83–89, 2013.

[23] R. F. Araújo Júnior, TO Souza, C. A. Medeiros et al., “Car-
vedilol decrease IL-1β and TNF-α, inhibits MMP-2, MMP-
9, COX-2, and RANKL expression, and up-regulates OPG
in a rat model of periodontitis,” PLoS One, vol. 8, no. 7,
2013.

[24] A. J. Fatani, K. A. Al-Hosaini, M. M. Ahmed, H. M. Abuohash-
ish, M. Y. Parmar, and S. S. Al-Rejaie, “Carvedilol attenuates
inflammatory biomarkers and oxidative stress in a rat model
of ulcerative colitis,” Drug Development Research, vol. 76,
no. 4, pp. 204–214, 2015.

[25] Y. Karatas, S. L. Cengiz, H. Esen, A. Toker, and C. Savas,
“Effect of carvedilol on secondary damage in experimental spi-
nal cord injury in rats,” Turkish Neurosurgery, vol. 25, no. 6,
pp. 930–935, 2014.

[26] A. Kumar, S. Dogra, and A. Prakash, “Effect of carvedilol on
behavioral, mitochondrial dysfunction, and oxidative damage
against d-galactose induced senescence in mice,” Naunyn-
Schmiedeberg’s Archives of Pharmacology, vol. 380, no. 5,
pp. 431–441, 2009.

[27] S. Olapour, A. R. Assareh, M. T. Jalali, H. Yaghooti, and
S. Ayashi, “Role of antioxidant property of carvedilol in mild
to moderate hypertensive patients: a prospective open-label
study,” Indian Journal of Pharmacology, vol. 48, no. 4,
pp. 372–376, 2016.

[28] G. C. de Souza, J. A. Gomes, A. I. de Góis Queiroz et al., “Pre-
clinical evidences for an antimanic effect of carvedilol,” Neural
Plasticity, vol. 2015, Article ID 692541, 10 pages, 2015.

[29] K. A. Tourian, Q. Jiang, and P. T. Ninan, “Analysis of the effect
of desvenlafaxine on anxiety symptoms associated with major
depressive disorder: pooled data from 9 short-term, double-
blind, placebo-controlled trials,” CNS Spectrums, vol. 15,
no. 3, pp. 187–193, 2010.

[30] S. J. C. Davies and C. Allgulander, “Anxiety and cardiovascular
disease,” Modern Trends in Pharmacopsychiatry, vol. 29,
pp. 85–97, 2013.

[31] C. A. Emdin, A. Odutayo, C. X. Wong, J. Tran, A. J. Hsiao, and
B. H. M. Hunn, “Meta-analysis of anxiety as a risk factor for
cardiovascular disease,” American Journal of Cardiology,
vol. 118, no. 4, pp. 511–519, 2016.

[32] P. J. Tully, N. J. Harrison, P. Cheung, and S. Cosh, “Anxiety
and cardiovascular disease risk: a review,” Current Cardiology
Reports, vol. 18, no. 12, 2016.

[33] C. Kuehner, “Why is depression more common among
women than among men?,” The Lancet Psychiatry, vol. 4,
no. 2, pp. 146–158, 2017.

[34] National Institutes of Health, Guide for the Care and Use of
Laboratory Animals-Institute of Laboratory Animal Research-
National Research Council, National Academies Press, 1996.

[35] S. Reagan-Shaw, M. Nihal, and N. Ahmad, “Dose translation
from animal to human studies revisited,” FASEB Journal: Offi-

cial Publication of the Federation of American Societies for
Experimental Biology, vol. 22, no. 3, pp. 659–661, 2008.

[36] M. C. Silva, C. N. Chaves, S. de Sousa et al., “Augmentation
therapy with alpha-lipoic acid and desvenlafaxine: a future tar-
get for treatment of depression?,” Naunyn-Schmiedeberg’s
Archives of Pharmacology, vol. 386, no. 8, pp. 685–695, 2013.

[37] C. N. Sousa, G. S. Vasconcelos, I. da Silva Medeiros et al.,
“Neuroprotective evidence of alpha-lipoic acid and desvenla-
faxine on memory deficit in a neuroendocrine model of
depression,” Naunyn-Schmiedeberg’s Archives of Pharmacol-
ogy, vol. 391, no. 8, pp. 803–817, 2018.

[38] B. Kumar, A. Kuhad, and K. Chopra, “Neuropsychopharma-
cological effect of sesamol in unpredictable chronic mild stress
model of depression: behavioral and biochemical evidences,”
Psychopharmacology, vol. 214, no. 4, pp. 819–828, 2011.

[39] A. C. Campos, M. V. Fogaça, D. C. Aguiar, and F. S. Guimar-
ães, “Animal models of anxiety disorders and stress,” Revista
Brasileira de Psiquiatria, vol. 35, Supplement 2, pp. S101–
S111, 2013.

[40] J. Charan and N. Kantharia, “How to calculate sample size in
animal studies?,” Journal of Pharmacology and Pharmacother-
apeutics, vol. 4, no. 4, pp. 303–306, 2013.

[41] J. Archer, “Tests for emotionality in rats and mice: a review,”
Animal Behaviour, vol. 21, no. 2, pp. 205–235, 1973.

[42] R. G. Lister, “The use of a plus-maze to measure anxiety in the
mouse,” Psychopharmacology, vol. 92, no. 2, pp. 180–185,
1987.

[43] G. Clark, A. G. Koester, and D. W. Pearson, “Exploratory
behavior in chronic disulfoton poisoning in mice,” Psycho-
pharmacologia, vol. 20, no. 2, pp. 169–171, 1971.

[44] P. P. Bradley, D. A. Priebat, R. D. Christensen, and
G. Rothstein, “Measurement of cutaneous inflammation: esti-
mation of neutrophil content with an enzyme marker,” Jour-
nal of Investigative Dermatology, vol. 78, no. 3, pp. 206–209,
1982.

[45] A. Bali and A. S. Jaggi, “Preclinical experimental stress studies:
protocols, assessment and comparison,” European Journal of
Pharmacology, vol. 746, pp. 282–292, 2015.

[46] R. D. C. Chaves, A. S. V. Mallmann, N. F. Oliveira et al.,
“Reversal effect of riparin IV in depression and anxiety caused
by corticosterone chronic administration in mice,” Pharmacol-
ogy Biochemistry and Behavior, vol. 180, pp. 44–51, 2019.

[47] D. Garabadu and V. Kumar, “Celecoxib potentiates the
antianxiety and anticompulsive-like activity of fluoxetine
against chronic unpredictable mild stress in experimental ani-
mals,” Behavioural Pharmacology, vol. 30, no. 2, pp. 251–259,
2019.

[48] V. Mehta, A. Parashar, and M. Udayabanu, “Quercetin pre-
vents chronic unpredictable stress induced behavioral dys-
function in mice by alleviating hippocampal oxidative and
inflammatory stress,” Physiology and Behavior, vol. 171,
pp. 69–78, 2017.

[49] M. Girotti, J. J. Donegan, and D. A. Morilak, “Influence of
hypothalamic IL-6/Gp130 receptor signaling on the HPA axis
response to chronic stress,” Psychoneuroendocrinology, vol. 38,
no. 7, pp. 1158–1169, 2013.

[50] J. M. Martinez, A. Garakani, H. Kaufmann, C. J. Aaronson,
and J. M. Gorman, “Heart rate and blood pressure changes
during autonomic nervous system challenge in panic disorder
patients,” Psychosomatic Medicine, vol. 72, no. 5, pp. 442–449,
2010.

12 Oxidative Medicine and Cellular Longevity



[51] A. Y. Bespalov, M. M. van Gaalen, and G. Gross, “Antidepres-
sant treatment in anxiety disorders,” Current Topics in Behav-
ioral Neurosciences, vol. 2, pp. 361–390, 2010.

[52] N. B. Gawali, V. D. Bulani, M. S. Gursahani, P. S. Deshpande,
P. S. Kothavade, and A. R. Juvekar, “Agmatine attenuates
chronic unpredictable mild stress-induced anxiety, depression-
like behaviours and cognitive impairment bymodulating nitrer-
gic signalling pathway,” Brain Research, vol. 1663, pp. 66–77,
2017.

[53] X. Sun, M. Wang, Y. Wang et al., “Melatonin produces a rapid
onset and prolonged efficacy in reducing depression-like
behaviors in adult rats exposed to chronic unpredictable mild
stress,” Neuroscience Letters, vol. 642, pp. 129–135, 2017.

[54] American Psychiatric Association, “Cautionary statement for
forensic use of DSM-5,” American Journal of Psychiatry,
vol. 5, 2013.

[55] P. C. Koo, C. Berger, G. Kronenberg et al., “Combined cogni-
tive, psychomotor and electrophysiological biomarkers in
major depressive disorder,” European Archives of Psychiatry
and Clinical Neuroscience, vol. 269, no. 7, pp. 823–832, 2019.

[56] V. Thomas-Ollivier, E. Foyer, S. Bulteau et al., “Cognitive com-
ponent of psychomotor retardation in unipolar and bipolar
depression: is verbal fluency a relevant marker? Impact of
repetitive transcranial stimulation,” Psychiatry and Clinical
Neurosciences, vol. 71, no. 9, pp. 612–623, 2017.

[57] M. L. Seibenhener and M. C. Wooten, “Use of the open field
maze to measure locomotor and anxiety-like behavior in
mice,” Journal of Visualized Experiments, vol. 96, no. 96, article
e52434, 2015.

[58] O. Sturman, P.-L. Germain, and J. Bohacek, “Exploratory rear-
ing: a context- and stress-sensitive behavior recorded in the
open-field test,” Stress, vol. 21, no. 5, pp. 443–452, 2018.

[59] M. A. Katzman, X. Wang, D. B. Wajsbrot, and M. Boucher,
“Effects of desvenlafaxine versus placebo on MDD symptom
clusters: a pooled analysis,” Journal of Psychopharmacology,
vol. 34, no. 3, pp. 280–292, 2020.

[60] S. G. Kornstein, C. J. Guico-Pabia, and R. S. Fayyad, “The effect
of desvenlafaxine 50 mg/day on a subpopulation of anxious/
depressed patients: a pooled analysis of seven randomized,
placebo-controlled studies,” Human Psychopharmacology,
vol. 29, no. 5, pp. 492–501, 2014.

[61] L. L. Beheydt, D. Schrijvers, L. Docx, F. Bouckaert, W. Hulstijn,
and B. Sabbe, “Psychomotor retardation in elderly untreated
depressed patients,” Frontiers in Psychiatry, vol. 5, 2015.

[62] B. M. Gupta, S. H. Zargar, M. Arora, and V. R. Tandon, “Effi-
cacy and safety of escitalopram versus desvenlafaxine in the
treatment of major depression: a preliminary 1-year prospec-
tive randomized open label comparative trial,” Perspectives in
Clinical Research, vol. 7, no. 1, pp. 45–50, 2016.

[63] Ż. Brudkowska, M. Tomczyk, K. Jusiak, H. Karakuła-Juchno-
wicz, and E. Rudnicka-Drożak, “The role of beta-adrenolytic
drugs in treating anxiety disorders,” Current Problems of Psy-
chiatry, vol. 19, no. 3, pp. 209–224, 2018.

[64] R. O. Margatho, E. K. Hamasato, D. G. Cruz et al., “Beta-
adrenergic antagonist prevents anxiety like behavior and natu-
ral killer cells migration to the spleen in a model of cohabita-
tion with sick partners,” Brain, Behavior, and Immunity.,
vol. 49, pp. e45–e46, 2015.

[65] C. Song, K. C. Berridge, and A. V. Kalueff, “'Stressing' rodent
self-grooming for neuroscience research,” Nature Reviews
Neuroscience, vol. 17, no. 9, p. 591, 2016.

[66] A. V. Srinivasan, “Propranolol: a 50-year historical perspec-
tive,” Annals of Indian Academy of Neurology, vol. 22, no. 1,
pp. 21–26, 2019.

[67] H. Zhu, Z. Liu, Y. Zhou et al., “Lack of Β2-AR increases
anxiety-like behaviors and rewarding properties of cocaine,”
Frontiers in Behavioral Neuroscience, vol. 11, 2017.

[68] J. N. Flak, B. Myers, M. B. Solomon, J. M. Mcklveen, E. G.
Krause, and J. P. Herman, “Role of paraventricular nucleus-
projecting norepinephrine/epinephrine neurons in acute and
chronic stress,” The European Journal of Neuroscience,
vol. 39, no. 11, pp. 1903–1911, 2014.

[69] C. Rabasa and S. L. Dickson, “Impact of stress on metabolism
and energy balance,” Current Opinion in Behavioral Sciences,
vol. 9, pp. 71–77, 2016.

[70] T. J. Bartness, Y. Liu, Y. B. Shrestha, and V. Ryu, “Neural
innervation of white adipose tissue and the control of lipoly-
sis,” Frontiers in Neuroendocrinology, vol. 35, no. 4, pp. 473–
493, 2014.

[71] R. S. Sherwin and L. Saccà, “Effect of epinephrine on glucose
metabolism in humans: contribution of the liver,” The Ameri-
can Journal of Physiology, vol. 247, no. 2, pp. E157–E165, 1984.

[72] I. Berger, M. Werdermann, S. R. Bornstein, and C. Steenblock,
“The adrenal gland in stress–adaptation on a cellular level,”
The Journal of Steroid Biochemistry and Molecular Biology,
vol. 190, pp. 198–206, 2019.

[73] L. Cai, R. Li, W. J. Tang, G. Meng, H. Xiang Yang, andW. Ting
Ni, “Antidepressant-like effect of geniposide on chronic
unpredictable mild stress- induced depressive rats by regulat-
ing the hypothalamus-pituitary-adrenal axis,” European Neu-
ropsychopharmacology, vol. 25, no. 8, pp. 1332–1341, 2015.

[74] Y. M. Ulrich-Lai, H. F. Figueiredo, M. M. Ostrander, D. C.
Choi, W. C. Engeland, and J. P. Herman, “Chronic stress
induces adrenal hyperplasia and hypertrophy in a subregion-
specific manner,” American Journal of Physiology-
Endocrinology and Metabolism, vol. 291, no. 5, pp. E965–
E973, 2006.

[75] M. A. Calcia, D. R. Bonsall, P. S. Bloomfield, S. Selvaraj,
T. Barichello, and O. D. Howes, “Stress and neuroinflamma-
tion: a systematic review of the effects of stress on microglia
and the implications for mental illness,” Psychopharmacology,
vol. 233, no. 9, pp. 1637–1650, 2016.

[76] K. Pravalika, D. Sarmah, H. Kaur et al., “Myeloperoxidase and
neurological disorder: a crosstalk,” ACS Chemical Neurosci-
ence, vol. 9, no. 3, pp. 421–430, 2018.

[77] G. Singhal and B. T. Baune, “Microglia: an interface between
the loss of neuroplasticity and depression,” Frontiers in Cellu-
lar Neuroscience, vol. 11, 2017.

[78] G. Ndrepepa, “Myeloperoxidase - a bridge linking inflamma-
tion and oxidative stress with cardiovascular disease,” Clinica
Chimica Acta, vol. 493, pp. 36–51, 2019.

[79] L. Hertz, D. Lovatt, S. A. Goldman, andM. Nedergaard, “Adre-
noceptors in brain: cellular gene expression and effects on
astrocytic metabolism and [Ca2+]i,” Neurochemistry Interna-
tional, vol. 57, no. 4, pp. 411–420, 2010.

[80] K. F. Tanaka, H. Kashima, H. Suzuki, K. Ono, and M. Sawada,
“Existence of functional Β1- and Β2-adrenergic receptors on
microglia,” Journal of Neuroscience Research, vol. 70, no. 2,
pp. 232–237, 2002.

[81] D. R. Goldsmith, M. H. Rapaport, and B. J. Miller, “A meta-
analysis of blood cytokine network alterations in psychiatric
patients: comparisons between schizophrenia, bipolar disorder

13Oxidative Medicine and Cellular Longevity



and depression,” In Molecular Psychiatry, vol. 21, no. 12,
pp. 1696–1709, 2016.

[82] G. E. Hodes, C. Ménard, and S. J. Russo, “Integrating
interleukin-6 into depression diagnosis and treatment,” Neu-
robiology of Stress, vol. 4, pp. 15–22, 2016.

[83] J. C. Zhang, W. Yao, C. Dong et al., “Blockade of interleukin-6
receptor in the periphery promotes rapid and sustained anti-
depressant actions: a possible role of gut-microbiota-brain
axis,” Translational Psychiatry, vol. 7, no. 5, p. e1138, 2017.

[84] I. M. Balmus, A. Ciobica, I. Antioch, R. Dobrin, and
D. Timofte, “Oxidative stress implications in the affective dis-
orders: main biomarkers, animal models relevance, genetic
perspectives, and antioxidant approaches,”Oxidative Medicine
and Cellular Longevity, vol. 2016, Article ID 3975101, 25 pages,
2016.

[85] R. O. Cojocariu, I. M. Balmus, R. Lefter et al., “Camelina sativa
methanolic and ethanolic extract potential in alleviating oxida-
tive stress, memory deficits, and affective impairments in stress
exposure-based irritable bowel syndromemouse models,”Oxi-
dative Medicine and Cellular Longevity, vol. 2020, Article ID
9510305, 20 pages, 2020.

[86] R. O. Cojocariu, I. M. Balmus, R. Lefter et al., “Behavioral and
oxidative stress changes in mice subjected to combinations of
multiple stressors relevant to irritable bowel syndrome,” Brain
Sciences, vol. 10, no. 11, pp. 1–19, 2020.

[87] B. S. Mello, A. J. Ferreira, M. C. Filho et al., “Sex influences in
behavior and brain inflammatory and oxidative alterations in
mice submitted to lipopolysaccharide-induced inflammatory
model of depression,” Journal of Neuroimmunology, vol. 320,
pp. 133–142, 2018.

[88] J. Wolf, S. Rose-John, and C. Garbers, “Interleukin-6 and its
receptors: a highly regulated and dynamic system,” Cytokine,
vol. 70, no. 1, pp. 11–20, 2014.

[89] J. Dahl, H. Ormstad, C. D. Hans et al., “The plasma levels of
various cytokines are increased during ongoing depression
and are reduced to normal levels after recovery,” Psychoneur-
oendocrinology, vol. 45, pp. 77–86, 2014.

[90] F. M. Schmidt, N. Lichtblau, J. Minkwitz et al., “Cytokine levels
in depressed and non-depressed subjects, and masking effects
of obesity,” Journal of Psychiatric Research, vol. 55, pp. 29–
34, 2014.

[91] D. Brustolim, R. Ribeiro-dos-Santos, R. E. Kast, E. L. Altschu-
ler, and M. B. P. Soares, “A new chapter opens in anti-
inflammatory treatments: the antidepressant bupropion
lowers production of tumor necrosis factor-alpha and inter-
feron- gamma in mice,” International Immunopharmacology,
vol. 6, no. 6, pp. 903–907, 2006.

[92] M. Kubera, A. H. Lin, G. Kenis, E. Bosmans, D. Van Bock-
staele, and M. Maes, “Anti-inflammatory effects of antidepres-
sants through suppression of the interferon-γ/interleukin-10
production ratio,” Journal of Clinical Psychopharmacology,
vol. 21, no. 2, pp. 199–206, 2001.

[93] M. Maes, C. Song, A. H. Lin et al., “Negative immunoregula-
tory effects of antidepressants: inhibition of interferon-γ and
stimulation of interleukin-10 secretion,” Neuropsychopharma-
cology, vol. 20, no. 4, pp. 370–379, 1999.

[94] C. W. Tsao, Y. S. Lin, J. T. Cheng et al., “Serotonin transporter
MRNA expression is decreased by lamivudine and ribavirin
and increased by interferon in immune cells,” Scandinavian
Journal of Immunology., vol. 63, no. 2, pp. 106–115, 2006.

14 Oxidative Medicine and Cellular Longevity


	Anxiolytic Effect of Carvedilol in Chronic Unpredictable Stress Model
	1. Introduction
	2. Material and Methods
	2.1. Animals
	2.2. Drugs
	2.2.1. Carvedilol
	2.2.2. Desvenlafaxine

	2.3. Experimental Protocol
	2.4. Behavioral Assessment
	2.4.1. Open Field Test
	2.4.2. Elevated Plus-Maze Test
	2.4.3. Hole Board Test

	2.5. Weight Measurement
	2.6. Adrenal Gland Area and Corticosterone Evaluation
	2.7. Neurochemical Assessment
	2.7.1. Myeloperoxidase Activity (MPO)
	2.7.2. Interleukin- (IL-) 4, IL-6, and Interferon- (IFN-) γ Concentrations

	2.8. Statistical Analysis

	3. Results
	3.1. CVD and DVS Revert Locomotor Alterations Induced by the CUS-Model
	3.2. CVD and DVS Reverse Anxiety-Like Behavior Induced by the CUS-Model
	3.3. Effects of CUS and Anxiolytic Strategies on Body Weight
	3.4. Effects of CUS and Anxiolytic Strategies on Cortical Adrenal Zone Area and Corticosterone Levels
	3.5. Effects of CVD and DVS Treatment on MPO Activity
	3.6. Effects of CVD and DVS Treatment on Brain Cytokine Concentrations

	4. Discussion
	5. Conclusion
	Data Availability
	Conflicts of Interest
	Acknowledgments

