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Abstract

Clinical and preclinical findings have suggested a role for ascorbate in mood disorders. The present study was designed to investigate the effect of acute and chronic
ascorbate treatment in animal models of memory, anxiety and depression using discriminative avoidance, forced swimming, light-dark box and openfield tests. Aged
male Wistar rats (18 months) were treated with saline or ascorbate (50, 500 or 1000 mg/kg body weight) during 25 days. The acute treatment did not improve
learning and memory parameters evaluated in the plus maze discriminative avoidance test. Besides, in the training session, ascorbate (1000 mg/kg) decreased the time
spent in the open arms and 500 and 1000 mg/kg doses increased the time spent in the nonaversive enclosed arm, indicating anxiety-like behavior. On the 10 day of
treatment, ascorbate (1000 mg/kg) showed an antidepressant-like activity, since the treated animals showed decreased immobility time when compared to the saline
group in the forced swimming test. The treatment with ascorbate did not alter any parameters in the light-dark box test evaluated on the 15 day; however, on the
25" day, ascorbate (500 mg/kg and 1000 mg/kg) decreased the number of entries into peripheral squares and the number of rearings in the open field test, suggesting
an anxiolytic-like profile. In conclusion, our findings suggest that acute ascorbate treatment may induces an anxiety state, while at long term seems to exert anxiolytic

activity, as well as exhibiting an antidepressant-like activity in aged rats.

Introduction

Depression and anxiety disorders are high-prevalence mental health
conditions with negative psychosocial impact. The co-occurrence of
depression and anxiety disorders is extremely frequent in primary care
[1]. Considering that major depressive disorder is an illness of longer
duration as well thatavailable treatments are inadequate for many
individuals and induce various side effects [2], different treatment
approaches have been sought.

Clinical findings have been suggested that ascorbate might exert
an important role in mood disorders. In this context, there is evidence
that an inadequate ascorbate intake and subsequent it reduced plasma
levels could be linked to the pathophysiology of depression [3]; while a
chronic treatment with ascorbate reversed both depression and scurvy
states [4]. Indeed, Coochi and colleagues [5] showed that ascorbate
treatment for two weeks lead to complete remission from depression
symptoms in depressed patients. Furthermore, Brody, et al. [6] also
reported that a high dose of ascorbate for 14 days in humans elicited a
reduction in the state of anxiety and also decreased scores of depression
in healthy young adults, which can be considered as indicative of mood
improvement.

It is interesting to note that the brain maintains high and regulated
levels of ascorbate [7], where it is proposed to exert neuroprotective
effects [8]. In addition, ascorbate is considered to be an important
neuromodulator, modulating both dopamine- and glutamate-mediated
neurotransmission [7-10]. Also, ascorbate exerts other relevant
biological functions, including acting asa cofactor for important
hydroxylation reactions needed for the synthesis of catecholamines
[11] and playing the role of a water-soluble antioxidant [10].
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Although clinical studies suggest an antidepressant activity for
ascorbate, there arefewstudies describing the psychopharmacological
profile of ascorbate in animal models [12]. It was recently demonstrated
an antidepressant-like effect following
administration in mice [13]; however, it will be interesting investigate
this effect in other rodent models such as Wistar rats.

subchronic ascorbate

Several studies also show an age-related decrease in brain ascorbate
levels [14]. In fact, we previously showed a remarkable decrease on
ascorbate uptake in hippocampi of aged rats [15]. It is interesting to note
that there is a strong association between aging and depression, with
numerous clinical studies showing that the prevalence of depression
increases in old age. In fact, depression is three times as frequent
in the elderly as it is in the rest of the population [16-18]. Despite
these findings, studies regarding the effect of ascorbate treatment on
psychopharmacological profile in aged rats are lack.

Therefore, the present study was designed to investigate the acute
and chronic effects of ascorbate treatment in animal models of memory,
anxiety and depression in aged Wistar rats.
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Material and methods
Animals

Male Wistar rats at 18 months of age were obtained from
our breeding colony and maintained under controlled light and
environmental conditions (12 h light/12 h dark cycle at 22 + 2°C), with
food and water ad libitum, in Biotério Setorial of the Departamento
de Farmacologia, Instituto de Ciéncias Basicas da Satide, Universidade
Federal do Rio Grande do Sul, Porto Alegre, RS. All manipulations
were carried out between 11:00 and 18:00 hours. In all experiments,
the animals were observed in a random order, in a blind manner and
always by the same experimenter. After each behavioral session, the
apparatus was cleaned with 90% alcohol solution. Procedures were
performed in accordance with the NTH Guide for the Care and Use of
Laboratory Animals and Local Ethics Committee approved all handling
and experimental conditions. In addition, all efforts were made to
minimize animal suffering and the number of animals needed in this
work; we use the same animals in all tests in an attempt tomaximize
the data gained from an individual animal in compliance with ethical
principles. Different anxiety tests were performed in order to avoid
learning (Figure 1).

Treatment

The ratswere randomly assigned to four experimental groups:
control,and ascorbate at different concentrations: 50, 500 or 1000 mg/
kg body weight (for each dose8-12/group).They were treated once
a day, with saline or ascorbate by gavage for 25 days. All tests were
performed in a quiet and darkened room.

Plus-maze discriminative avoidance task

The plus-maze discriminative avoidance task was performed as
previously described, concomitantly evaluating memory and anxiety-
like behavior [19,20]. The apparatus employed was a modified elevated
plus-maze, made of acrylic, containing two enclosed arms with side
walls and no top (50x50x10 cm), opposite two open arms (50x10 cm).
A 100-watt lamp was placed exactly over the middle of one of the
enclosed arms (aversive enclosed arm). The temperature in all arms
of the apparatus was the same as that of the experimental room (22-
23°C). The test was performed in 2 days, as follows. First, in the training
session (day 1), each rat was placed in the center of the apparatus
and, over a period of 10 minutes, every time the animal entered the
enclosed arm containing the lamp, an aversive situation was produced
and maintained until the animal left the arm. The aversive stimuli were
the 100-watt light and an 80-dB noise produced by a small machine
placed under the aversive enclosed arm; these were turned on (by the
experimenter) only when the rat entered the aversive enclosed arm. In
the test session (day 2), the rats were again placed in the apparatus for
3 minutes, without receiving the aversive stimulation. Rats received
saline or ascorbate and 5 min later were submitted to the apparatus,
both in training (day 1) and test (day 2) sessions [19]. Learning and
memory was evaluated by the time spent in the aversive enclosed arm
in the test session. The anxiety-like behavior was evaluated by the total

Discriminative Forced Swimming

Avoidance Test Test

Day "1 2 10 11

number of entries and time spent in any of the arms, total number of
head dipping, rearing, and grooming and fecal boli.

Forced swimming test

The procedure used was that of Porsolt, et al. [21] modified by
Detke and Lucki [22]. On the 10" day, the rats were placed in individual
Plexiglas cylinders (diameter: 34 cm, height: 30 cm), that had previously
been filled with water (23-25 °C) to a depth of 20 cm. The procedure
consisted of two swimming sessions: first, a 15-minute pre-test, which
was followed 24 hours later by a 5-minute test. Rats were considered as
immobile when floating motionless or making only those movements
necessary to keep the head above water. Following the training and
the test session, the animals were dried and returned to their cages.
The water was changed and the cylinder rinsed with clean water after
each rat. A decrease in the duration of immobility during the forced
swimming test was taken as a measure of antidepressant activity.

Light-dark box test

The Light-Dark Box was as described previously by Chaouloff, et al.
[23]. The apparatus consisted of two acrylic compartments, one dark
(15.5 x 13.5 cm) and one white (15.5 x 17.5 cm). The floor was divided
into squares, and an interconnecting tunnel (7 x10 cm) allowed the
rat to go from one compartment to the other. The lateral walls and
floor of the light compartment were white, and a single, 60-W lamp
bulb provided illumination from above. The dark compartment was
black. The apparatus was positioned on a bench 70 cm above the floor.
On the 15" day, each rat was tested by placing it in the center of the
white compartment, facing away from the dark compartment, and then
being allowed to explore the novel environment for 5 minutes. The
number of head dipping, rearing, and grooming and fecal boli, time
spent in each compartment, number of squares, number of transitions
between the compartments and the latency of the initial movement to
the dark compartment. A rat was considered to have entered the new
compartment when all four legs were in this area [24].

Open field test

The Open-Field apparatus was based on that described by Walsh
and Cummins [25]. Briefly, the apparatus consisted of a wooden box
measuring 60 x 40 x 50 cm with a glass front wall and a floor that
was divided by black lines into 12 equal squares. On the 25" day, the
animals were gently placed facing the rear left corner of the arena and
the behaviors recorded during the 5 minutes of the test session were:
the number of squares crossed, time spent in peripheral and central
squares, and the number of rearings, grooming and fecal boli.

Statistical analysis

The results were expressed as median (25%/75% percentiles) or
mean (+ S.E.M.) values. Before statistical testing data were explored
to assess their pattern of distribution. The Kruskal-Wallis or One-Way
Analysis of Variance (ANOVA), followed by Dunn or Tukey Tests,
respectively, was employed considering data distribution. Differences
were considered as significant at p < 0.05.

Light-Dark Open Field
Box Test Test
15 25

Figure 1. Schematic timeline showing the behavioral tests performed in this study
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Results

The acute treatment with different doses of ascorbate did not
improve learning and memory parameters evaluated in the plus maze
discriminative avoidance task. In the training session, all groups
spent more time in the nonaversive enclosed arm than in the aversive
enclosed arm (F(,,)=45.564; p=0.007). All groups spent a similar time
in both enclosed arms in the test session; the treatment with ascorbate
did not alter the percent time in the aversive arms in either session
(data not shown).

In addition, in the training sessionfor the plus maze discriminative
avoidance task the effects of ascorbate on anxiety-related behavior
(open-arm avoidance) were observed. Treatment with ascorbate (1000
mg/kg) decreased the time spent in the open arms and 500 and 1000
mg/kg doses increased the time spent in the nonaversive enclosed arm
(respectively, p=0.04 and p<0.001, Figure 2), indicating an increase in
anxiety-like behavior. The treatment with ascorbate (500 and 1000 mg/
kg) had no effect on locomotor activity in this task, expressed as the
total number of entries in both arms (Table 1).

On the 10" day of treatment, ANOVA indicated a significant
difference among treatments (F,,, = 4.179 p=0.013), the highest
dose of ascorbate (1000 mg/kg) decreased the immobility time when
compared to the saline group (Figure 3). This result indicated an
antidepressant-like activity of ascorbate. The treatment with ascorbate
did not alter any parameters in the light-dark box test, another anxiety
model, evaluated on the 15" day.

The data from the open field test are shown in Figure 4. On the 25
day, ascorbate groups (500 mg/kg and 1000mg/kg) showed a decrease
in the number of entries into peripheral squares when compared
with control (Figure 4A, ANOVA followed by Tukey’s; F Gan) = 4.252;
p=0.011). The treatment with ascorbate decreased the number of
rearings when compared with control (Figure 4B, Kruskal-Wallis
followed by Dunn’s; H=14.94; p=0.002). These findings indicate that
the chronic ascorbate treatment exhibited an anxiolytic-like profile in
the open field test.

Discussion

Our data corroborate findings that have suggested a role for
ascorbate in mood disorders [3-6,12]. Ascorbate administration
induced both anxiety and anxiolytics states, respectively, in the short-
and long-term, as well as producing an antidepressant-like activity in
aged rats.

Ascorbate is an important water-soluble antioxidant, which
scavenges oxygen or nitrogen-centered radical species generated
during normal metabolism, such as peroxyl radicals, superoxide,
singlet oxygen, peroxynitrite and hydroxyl radicals. Several lines of
evidence indicate that ascorbate is localized preferentially in neurons
[7]. Considering that a long-term dietary supplementation with various
antioxidants has been found to retard the onset of age-related deficits
in neural functioning [26-28], the present study examined learning and

Table 1.The total number of entries in both arms in the plus maze discriminative avoidance
task

Total number of entries in both arms

Ascorbate
0 mg/kg 53,7
50 mg/kg 7(4,11)
500 mg/kg 32,7
1000 mg/kg 3(2,6)

Results were expressed as median (25"/75" percentiles) and analyzed by Kruskal-Wallis.
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Figure 2. Effects of acute ascorbate treatment on rats tested in the plus maze discriminative
avoidance task. Time spent in open arms (Panel A) and in the nonaversive enclosed arms
(Panel B). *Values significantly different from control group (0 mg/kg), p<0.05 (Kruskal-
Wallis followed by Dunn)

350 4

300 - l

250 -
200 - ]
150 -

100 -

Immobility time (sec)

50 -

0 T T T |
0 50 500 1000

mg/kg

Figure 3. Effects of chronic ascorbate treatment on immobility time in rats tested in the
forced swimming test. ANOVA followed by Tukey. *Value significantly different from
control group (0 mg/kg), p<0.05

memory behavior. Acute ascorbate administration did not alter any
learning and memory parameters (aversive arms) in the discriminative
avoidance test. Similarly, ascorbate did not improve memory when
administered alone in aged (15 months) and young adult mice (3
months); however, it was effective when given in association with
vitamin E [29]. On the other hand, the acute ascorbate-induced anxiety
state described here may be a confounding factor in memory and
learning evaluation and it seems possible that chronically ascorbate
could be a modulator of learning and memory.

The acute administration of ascorbate produces an anxiogenic-like
effect in the plus maze discriminative avoidance task; since ascorbate
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Figure 4. Effects of chronic ascorbate treatment on rats exposed to the open-field test.
Number of entries into peripheral squares (Panel A, ANOVA followed by Tukey). Number
of rearings (Panel B, Kruskal-Wallis followed by Dunn). *Values significantly different
from control group (0 mg/kg), p<0.05

decreased the time spent in the open arms and increased the time spent
in the nonaversive enclosed arm. This result cannot be explained by
changes in locomotor activity, since acute administration of ascorbate
did not modify locomotion in this task.

Although the selective serotonin reuptake inhibitors have been
reported to be effective treatments for generalized anxiety disorder,
previous studies have demonstrated that acute treatment with
antidepressants induces anxiogenic-like effects [30,31]. Hascoét and
collaborators [32] showed that two specific inhibitors of norepinephrine
reuptake, desipramine and maprotiline, and the atypical antidepressant
trazodone demonstrated anxiogenic-like effects in the four-plate test, an
animal model of anxiety based on stress caused by unconditioned fear.
Furthermore, acute administration of fluoxetine, a selective serotonin
reuptake inhibitor, induces an anxiety state in a variety of behavioral tests
such as immobilization stress and the social interaction test [33].

These findings corroborate clinical observations showing
that selective serotonin reuptake and selective serotonin and
norepinephrine reuptake inhibitors cause anxiety states in the early
stages of treatment [34]. Indeed, a single dose ofcitalopram has been
found to increase both the alarm reaction [35] and anxiety in healthy
volunteers [36]. This effect of antidepressants may be associated with
a serotonergic mechanism, for example selective blockade of the
reuptake transporter, resulting in an increase in 5HT concentrations
[37]. Moreover, the 5SHT2A/2C, 5HT3 and 5HT1A receptor subtypes
are especially relevant to this discussion, given their implication in
both anxiety and depression [38,39]. Acute anxiogenic-like effects of
fluoxetine, sertraline, citalopram or m-CPP, a nonselective 5-HT2C
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receptor agonist, were reversed by administration of the 5-HT2C
receptor subtype selective antagonist, suggesting that the activation of
5-HT2C receptors might mediate, at least in part, the increased anxiety
as a consequence of increased synaptic serotonin concentrations
induced by these drugs [33,40].

The anxiogenic-like effect of ascorbate may be involved with its
neuromodulatory function. It has been reported that brain areas that
show the highest contents of ascorbate are rich in catecholamine
innervations [41]. It is also well established that ascorbate is essential
for catecholamine biosynthesis in neural tissues, serving as a cofactor
for dopamine (-hydroxylase in the conversion of dopamine to
norepinephrine. Furthermore, ascorbate is implicated in the regulation
of acetylcholine and catecholamine release from synaptic vesicles [42].

Besides, a systemic effect could be involved, since ascorbate is co-
released with catecholamines in the adrenal medulla [9]. Indeed, the
adrenal cortex contains a higher concentration of ascorbic acid than
other tissues, in both human and animals. We suggest that the acute
anxiogenic-like effect of ascorbate may be involved with an increase
on catecholamine levels, considering its role in anxiety states. These
biochemical properties might be related to inhibition of Na*, K*-
ATPase activity induced by ascorbate, as well as inhibition of voltage-
dependent K1 currents through a Gs-protein—-PKA system [43-45].

Interestingly, chronic treatment with ascorbate reduced the
immobility time in the forced swim test, an animal model of depression.
It is relevant to note that this result is consistent with previous studies
in mice [12]. The forced swim test has predictive validity [46], being
one of the most commonly used methods to detect and characterize
the efficacy of tricyclic antidepressants, monoamine oxidase inhibitors,
and atypical antidepressants such as mianserin [47]. Selective serotonin
and selective noradrenaline re-uptake inhibitors reduced immobility
through sub-acute and chronic treatment [48]. The antidepressant-like
effect observed with chronic ascorbate in this work might be associated
temporally with the therapeutic effects of antidepressant treatment.

It is interesting to note that on the 15" day ascorbate did not alter
any parameters in the light-dark box test, which may suggest tolerance
to the anxiogenic effect of ascorbate. Griebel and colleagues [49] also
demonstrated that repeated administration of mCPP induces complete
tolerance to its anxiogenic-like activity in rats in the elevated zero-maze
test after both subchronic and chronic administration.

Afterward, chronic ascorbate administration demonstrated an
anxiolytic effect in the open field test, given that the higher doses
decreased thigmotaxis. Peripheral movement or thigmotaxis, an
important anxiety-related behavior observed in this test [50], is
sensitive to the action of anxiolytic drugs such as benzodiazepines
[51,52], and it is important to note that the validity of thigmotaxis in
measuring emotionality has been demonstrated in mice [53,54] as well
as in rats [50,55]. In addition to thigmotaxis, several other parameters
evaluated in the open field test have also been employed to measure
emotionality, such as the number of rearings [56]. In this work the
chronic treatment with ascorbate increased the number of rearings,
which represents further evidence for its anxiolytic effect, since the
treatment with anxiolytic drugs causes an increase on number of
rearing [57]. However, ascorbate did not affect locomotor activity of
rats in the open field test.

Conclusion

Our findings demonstrated that acute administration with
ascorbate induced an anxiety state, while chronically seems to exert

Volume 3(2): 4-6



Siqueira IR (2017) Psychopharmacological profile of ascorbate in aged Wistar rats

an antidepressant and anxiolytic-like activities in aged rats. These
data might propose that ascorbate has a similar profile of action to
that of antidepressant drugs and could be an alternative approach to
depression and anxiety treatment. However, further behavioral tests,
neurochemical assays and also clinical studies will be necessary to
confirm the antidepressant and anxiolytic effects of ascorbate and to
clarify its mechanism of action.
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