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have non-motor symptoms, among which sleep alterations, cognitive deficits,
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terations, the sucrose preference test was used to evaluate anhedonia, and the

sition to depressive-like behavior and the development of motor alterations in

groups of depressive-like propensities and submitted to the pharmacological

open field test was applied to evaluate general activity. Reserpine promoted
parkinsonian motor impairments, and there were no differences between
animals from different depressive-like behavior profiles. Thus, it was not
possible to find a relationship between parkinsonism and the propensity to
depression based on the basal sucrose preference test. More studies with other
evaluations of depressive-like behavior are needed to confirm the results

found in our study.
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1. Introduction

Parkinson’s disease (PD) is the second most prevalent neurodegenerative disease
with long survival [1]. The main symptoms include bradykinesia, tremor, de-
creased muscle strength and postural instability [2] [3] [4]. The disease has a
progressive and chronic profile, and aging is the main risk factor [5]. The diag-
nosis is mainly based on the motor symptoms (MS). However, by the time the
MS begin, approximately 60% of the neurons in the substantia nigra pars com-
pacta (SNpc) and 80% of the neurons in the striatum are already lost [6]. In ad-
dition, other areas of the brain can also be affected by neurodegeneration, giving
rise to the prodromal stage. This stage is characterized by the emergence of the
non-motor symptoms (NMS) such as sleep alterations, fatigue, apathy, cognitive
deficits, pain, autonomic disorders and depression [7]. Those symptoms have
recently been recognized as important components of the disease, and may be
useful for early diagnosis [8] [9] [10]. In addition, the effective treatment of
NMS is extremely important, as it has a high impact on the patient’s quality of
life [11].

Depression is the most prevalent NMS in PD, being present in at least 25% of
cases [7] [12], reaching up to 90% [13]. It is present regardless of age, but there is
a significant increase of prevalence as disease severity progresses [14].

PD patients with depression have a less favorable prognosis when compared
with those without depressive symptoms, as they tend to perform worse on mo-
tor assessment scales and in daily activities. They also present more cognitive
symptoms and poorer quality of life. Despite this, the diagnosis is still flawed,
resulting in inadequate treatment or even no treatment for the depressive condi-
tion [13]. Nevertheless, there is a good response when correct treatment is car-
ried out [15].

Julien and colleagues [16] proposed that the individual with PD tends to move
away from social situations in order to reduce stress and anxiety related to the
motor symptoms. Thus, it is possible that vulnerability to depression increases
because of social isolation and reduction of rewarding interactions [16]. These
factors increase the patient’s degree of suffering, further compromising their in-
dependence [15].

In addition, the presence of other NMS such as dementia, psychotic episodes,
anxiety and sleep disorders have been associated with an increased risk for de-
pression. In summary, depression in PD may be related to one of three factors
(or a combination of them): a consequence of the pathology of PD (decrease in
the release of catecholamines); a reaction to the disability associated with PD

(stress caused by motor symptoms and/or social isolation and/or other NMS); or
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an isolated phenomenon unrelated to the pathology [7] [17].

The purpose of this study was to investigate a possible relationship between
the predisposition to depressive-like behavior and motor alterations in mice
submitted to progressive parkinsonism induced by repeated administration of a
low dose of reserpine. Reserpine is a blocker of the vesicular monoamine trans-
porter and the chronic low-dose treatment with this drug has shown progressive
motor, non-motor and neuronal alterations compatible with PD pathology [18]
[19].

2. Materials and Methods

Animals

Five-month-old male Swiss mice were obtained from the Central Bioterium of
the Federal University of Sdo Paulo (CEDEME/UNIFESP). They were kept in a
maximum of 5 animals per plastic cage (30 x 20 x 12 cm), under controlled
ventilation and temperature (22°C % 1°C), light/dark cycle of 12/12h with
lights on 6:30 a.m., with free access to water and food. The local Ethics Com-
mittee (CEUA/UNIFESP) approved all procedures. All efforts were made to mi-
nimize animal pain, suffering or discomfort.

Experimental design and drug treatment

Forty-eight mice were submitted to Sucrose Preference Test (SPT) before the
beginning of the experiments in order to rank them based on the anhedonia
profile. We considered the anhedonic behavior as a depressive-like trait. The
animals were divided into three groups of sixteen animals each: the ones with
greater depressive-like behavior (more pronounced anhedonic behavior in the
SPT, predisposed group), the ones with less depressive-like behavior (non-predi-
sposed group) and the ones with intermediate scores. The intermediate group
was not included in the experiment in order to ensure that the subjects included
in the study were categorized in the two extremes of the depressive-like behavior
spectrum. Mice of the predisposed and the non-predisposed groups were ran-
domly distributed into two subgroups: reserpine and vehicle.

Reserpine (Sigma Chemical Co. St Louis, MO) was dissolved in glacial acetic
acid and diluted to the correct concentration in distilled water (0.1 mg/kg). Ve-
hicle consisted of the same amount of acetic acid and distilled water as in the re-
serpine solution. These solutions were injected by subcutaneous route (s.c.) at a
volume of 10 mL/kg of body weight.

Twenty injections of vehicle or reserpine were administrated on alternate days
for forty days. During this period, tests were performed to evaluate the motor
function of the animal-catalepsy and oral movement (OM) tests and to evaluate
the depressive-live behavior-SPT—as illustrated in Figure 1. At the end of the
experiment, all animals were euthanized.

Sucrose Preference Test (SPT)

During the adaptation phase, the animals were placed in individual cages with

access to two bottles of water. After 24 hours, one of the bottles was replaced by
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Figure 1. Schematic representation of the experimental design.

another containing 0.8% sucrose solution, which remained in the individual cage
for another 24 hours. The contents of both bottles were weighted before and af-
ter the experiment period to quantify consumption. The rate of sucrose prefe-
rence (sucrose consumption-water consumption/total consumption) was eva-
luated.

Open Field

The open field test was held on a circular arena made of wood with an opaque
white polyethylene cylindrical wall (40 cm diameter base and 50 cm high wall).
The test lasted five minutes. Each animal was placed in the central region of the
apparatus and individually evaluated. The parameters registered were the total
distance traveled and the duration of grooming and immobility.

Catalepsy

This test was conducted by placing the animal with both forepaws on a hori-
zontal glass bar positioned 5 cm above the surface of the bench supporting the
hind paws. The time each animal remained in this position until removing at
least one of the forepaws from the bar was measured up to a maximum 180
seconds. Each animal was tested three consecutive times and the three mea-
surements were averaged.

Oral Movements

Parameters related to oral dyskinesia were measured by placing the animals
individually in barred cages (29 x 21 x 24 cm), where the animals were observed
for 10 minutes. Mirrors were fixed under and behind the cage, allowing the ob-
server/experimenter to see the animal in any location. The number of chewing
movements that were not directed to any object (vacuous chewing movements)
was registered.

Statistical Analysis

The statistical analysis was conducted with the IBM-SPSS Statistics software,
version 20.0. The data were analyzed by using two-way repeated measures anal-
ysis of variance (ANOVA), depending on the experimental procedure. Posterior
analyses were performed by Sidak post-hoc. ANOVA with repeated measures
was used for evaluations over time. The Student’s T test was used in the analysis

of the basal evaluation of the sucrose preference test. Differences were consi-

DOI: 10.4236/jbbs.2021.1111022

270 Journal of Behavioral and Brain Science


https://doi.org/10.4236/jbbs.2021.1111022

M. B. L. Soares et al.

dered statistically significant when p < 0.05.

3. Results

Basal Sucrose Preference

Non-predisposed animals presented greater preference for sucrose [T(32) =
-8.751; p < 0.05] (Figure 2). This difference was expected, as this was the para-
meter used to categorize the predisposition groups.

Catalepsy test

Chronic administration with reserpine at a low dose (0.1 mg/kg) induced
progressive increase in the duration of catalepsy behavior. The observation days
of the catalepsy test were compiled into 4 phases, each corresponding to 10 days
(or 5 reserpine or vehicle injections).

ANOVA with repeated measures (phases) and treatment and predisposition
as between subject factors, followed by Sidak’s post-hoc, indicated that there was
a significant difference between treated and non-treated groups beginning at the
third phase of treatment (after the 10th injection of reserpine) [F(3, 87) = 9.185;
p < 0.05]. No statistical differences were observed between predisposed and

non-predisposed groups within the same treatment (Figure 3).
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=3 Predisposed
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Figure 2. Basal evaluation of sucrose preference. Mean + S.D.M. of percent of sucrose solu-
tion consumption. *p < 0.05 predisposed group (n = 16) compared to the non-predisposed
group (n = 16) (Student’s T test).
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Figure 3. Effect of treatment with reserpine on duration of catalepsy(s) throughout the
phases of treatment, expressed as mean + S.D.M. Groups (n = 8) were divided according
to predisposition to depressive-like behavior (NP = non-predisposed; PRED = predis-
posed) and treatment (VEH = vehicle; RES = reserpine). *p < 0.05 effect of reserpine
treatment (ANOV A with repeated measures and Sidak post-hoc).
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Open field

The open-field test was performed at four time points across the protocol: be-
fore the beginning of treatment (basal), and after the 10th, 15th, and 20th injec-
tions. The total distance traveled by the animal within the arena during the five
minutes period was recorded to assess motor activity. ANOVA with repeated
measures (sessions) and treatment and predisposition as between subject factors,
followed by Sidak post-hoc, indicated that there was a significant difference only
after the 20th injection. The effect of reserpine was detected within the non-
predisposed subjects, i.e., non-predisposed treated animals presented decreased
locomotion compared to the non-predisposed untreated mice [F(3, 32) = 4.398;
p < 0.05] (Figure 4).

The analyses of the other parameters evaluated in the open field test did not
yield significant differences (immobility duration: F(3, 81) = 6.073; p > 0.05 and
grooming duration: F(3, 81) = 6.751; p < 0.05; data not shown).

Oral Movements

The oral movements test was performed five times during the treatment pe-
riod: after the 4th, 8th, 12th, 16th and 20th injections. ANOVA with repeated
measures (sessions) and treatment and predisposition as between subject factors
followed by Sidak post-hoc found significant difference between treated and
non-treated animals in the observations conducted after the 8th, 12th and 20th
injections [F(4, 116) = 8.681; p < 0.05]. There was an increase in vacuous chew-
ing movements in treated animals, but no effect of predisposition (Figure 5).

Sucrose Preference Test

The SPT was performed at three-time points throughout the treatment: at
baseline and after the 7th and 20th injections. As previously mentioned, because
this was the test of choice for categorizing the predisposition groups, a statistical
difference was observed between predisposed and non-predisposes animals in
the baseline period (as described previously, item 3.1). However, this effect did
not endure across treatment [F(2, 58) = 0.972; p > 0.05]. ANOVA with repeated
measures did not reveal any effect of the treatment, nor of the treatment x time

interaction (Figure 6).
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Figure 4. Effect of treatment and predisposition on total distance traveled in the open
field over time expressed as mean + S.D.M. Groups (n = 8) were divided according to
predisposition to depressive-like behavior (NP = non-predisposed; PRED = predisposed)
and treatment (VEH = vehicle; RES = reserpine) *p < 0.05 effect of reserpine treatment
(ANOVA with repeated measures and Sidak post-hoc).
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Figure 5. Number of vacuous chewing movements (VCM) in the oral movement test
throughout the treatment expressed in mean + S.D.M. Groups (n = 8) were divided ac-
cording to predisposition to depressive-like behavior (NP = non-predisposed; PRED =
predisposed) and treatment (VEH = vehicle; RES = reserpine) *p < 0.05 effect of reserpine
treatment (ANOVA with repeated measures and Sidak post-hoc).
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Figure 6. Sucrose preference throughout treatment expressed as mean + S.D.M. Groups
(n = 8) were divided according to predisposition to depressive-like behavior (NP =
non-predisposed; PRED = predisposed) and treatment (VEH = vehicle; RES = reserpine)
*p < 0.05 compared to NP groups (ANOVA with repeated measures and Sidak post-hoc).

4. Discussion

In the present study, we performed the chronic administration of reserpine at
0.1 mg/kg (considered a low dose) on alternate days for 40 days. This protocol
has proved to be effective in inducing progressive parkinsonism in mice, in-
creasing catalepsy duration. Previous studies with rodents (both rats and mice)
have demonstrated a similar effect, showing that treatment with reserpine pro-
moted motor impairment in a gradual manner, allowing the analysis of the
pre-motor period of the disease [18] [20] [21]. It is worth noting that although
this protocol was first preconized in rats [18] [21], the progressive profile of cat-
alepsy was also demonstrated in mice [22]. This treatment protocol was chosen
because acute or sub chronical high doses of reserpine (1.0 - 5.0 mg/kg) usually
cause severe motor damage, precluding the evaluation of non-motor alterations
[23]. A similar pattern is observed in other pharmacological models such as
6-hydroxydopamine (6-OHDA) and MTPT, which fail to reproduce early signs
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of PD due to the high toxicity to dopamine neurons [24] [25] [26].

In this study, using the chronic low-dose reserpine protocol, we observed the
onset of motor symptoms in phase 3 of treatment, ie., from the 10th injection
onwards. This increase in catalepsy corroborates previous findings [18] [21]
[22]. We also observed an increase in the number of vacuous chewing move-
ments after the 8th, 12th and 20th injections, consistent with previous similar
protocols [20] [22]. Finally, the results showed that the onset of motor symp-
toms in subjects with greater predisposition to depressive-like behavior did not
differ from the non-predisposed group. Indeed, both groups displayed the onset
of motor impairment in the same period (phase 3).

The open field test assesses several behavioral parameters, including the ani-
mal’s motor integrity based on locomotion within the arena. Previous studies
have shown that treatment with reserpine did not result in motor impairment in
the open field after the 4th injection [21], but resulted in reduction of locomo-
tion after 10 injections in rats [20] or 15 injections in mice [22]. Herein, this
impairment was found only in the non-predisposed animals, Ze. the animals
treated with reserpine showed a decrease in total locomotion after the 20th in-
jection. Unlike the catalepsy test, which evaluates almost exclusively motor func-
tion, the open field test encompasses a more global evaluation of the animal’s
general activity, including motivational and cognitive aspects of exploratory be-
havior. This difference may explain the absence/minimization of the effects of
reserpine treatment on the open field test compared to the results of the catalep-
sy test.

Reserpine leads to parkinsonian symptoms by blocking the vesicular monoa-
mine transporter (VMAT?2) in the central nervous system, depleting the vesicu-
lar content and increasing the level of monoamines, including dopamine, in the
pre-synaptic cytosol. The accumulation of dopamine leads to increased degrada-
tion of this neurotransmitter by the enzyme monoamine oxidase (MAO), gene-
rating reactive oxygen species (ROS) and reactive quinones (DOPAC-Q), which
results in increased oxidative stress (for review see [19]).

As mentioned, the primary cause of PD is the decrease in dopamine release in
the striatum. However, there are also impairments of the noradrenergic, seroto-
nergic and cholinergic systems, which result in the appearance of non-motor
symptoms, including depression and cognitive impairments [27] [28] [29]. In
addition, the dopaminergic mesolimbic pathway is part of the reward and mo-
tivation system. There is evidence that decreased dopamine in this pathway
contributes to the pathophysiology of depression [30] [31]. This fact would
explain why conventional antidepressants that act on serotonin and norepi-
nephrine—such as SSRI and tricyclics—are not always able to improve some
specific symptoms, like anhedonia and decreased motivation [31] [32].

In animal models, anhedonia can be evaluated by the SPT. In this test, animals
with the lowest rate of sucrose consumption are considered less motivated when
compared to those with a higher rate. Studies have shown that the administra-

tion of 6-OHDA resulted in a decrease in the sucrose preference when compared
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to control, and this behavior could be related to dysfunction of the dopaminergic
and noradrenergic pathways of the limbic reward system [33].

The present study showed that the low-dose reserpine treatment did not result
in a decrease in the SPT, indicating that under this protocol the motivational
behavior does not change, despite the fact that reserpine is known to promote
depletion of monoamines. Previous studies have shown that treatment with re-
serpine at a dose of 2 mg/kg (above the dose used in the present study) was able
to reduce the rate of sucrose preference in animal models, while the dose of 1
mg/kg did not promote this effect [34], suggesting that this effect is dose depen-
dent.

Reserpine was initially used as an antihypertensive drug [35]. However, the
clinical use of the drug was subsequently restricted because it also causes par-
kinsonian and depressive symptoms [36]. More recently, Zhu and colleagues
[37] conducted a translational study investigating the association between low
doses of reserpine and the incidence of depression in hypertensive patients. As a
result, the study did not find significant differences in the prevalence of depres-
sion among reserpine users and controls. In this respect, Baumeister and col-
leagues [38] have shown that most individuals treated with reserpine for hyper-
tension already had pre-existing mental disorders (including depression), sug-
gesting that there was a higher probability of depression in these cases than in
the general population. In the present study, as mentioned, there was no evi-
dence that reserpine induced depressive-like behavior in the animals, at least
under our protocol conditions (repeated low dose). Conversely, Campélo and
colleagues [22] demonstrated a decrease in BDNF (brain derived neurotrophic
factor) levels in animals chronically treated with reserpine, in a protocol similar
to the one applied here. That effect was reversed when the animals were submit-
ted to environmental enrichment, a procedure known to be protective against
stressful stimuli by regulating glucocorticoid receptors. In this respect, decreased
levels of BDNF in depressed individuals have been reported, suggesting that this
factor is related to the pathophysiology of depression [31]. Nevertheless,
Campélo and colleagues [22] did not evaluate depressive-like behavior in that
study. Taken together, the evidences suggest that the effect of reserpine on de-
pression is dependent on protocol of treatment, as well as related to the predis-
position to the disease [38].

Despite the reserpine-induced motor impairment was consistent with pre-
vious studies [18] [20] [21], we did not observe reserpine effects on the depres-
sive-like behavior, which differs from studies conducted previously both in ani-
mal models [34] and in human trials [38] [39]. This difference may be related to
methodological differences. Indeed, this work conducted a previous assessment
of the predisposition to the depressive-like behavior, while previous studies in-
cluded only post-treatment data.

Finally, it is important to mention that the use of only one parameter (anhe-
donia) to categorize the animals according to their propensity to depression is a

limitation of the study. Indeed, depression comprises a myriad of signs, and SPT
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assessment of anhedonia alone does not convey the complexity of the condition.
Thus, the present study is an initial step to the investigation of depression pre-
disposition as a risk factor for PD in animal models, but the enlargement of stu-

dies approaching other depression-like behaviors is desirable.

5. Conclusion

The present study was not able to show a link between predisposition to depres-
sive-like behavior and the motor alterations related to PD. However, as only SPT
behavior was taken into account to evaluate depression propensity, studies with
other evaluations of depressive-like behavior are needed to confirm the results
found in our study. As mentioned in the introduction, although several epide-
miologic studies show a strong prevalence of depression in DP patients, there is
no definitive answer to whether depression in PD is originated from the pathol-
ogy itself or if there is a co-predisposition between the conditions. Further stu-
dies are needed to understand the pathophysiology of both diseases and what are
their common grounds, which could explain why depression is the most com-

mon non-motor symptom in PD.
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