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ABSTRACTS

Background: The debilitating impact of fluoxetine usage has been established in both animal studies and clinical
trials.

Objective: This study aimed to evaluate the ameliorative impacts of ascorbic acid against fluoxetine-induced
behavioral despair and social deficits in juvenile rats.

Methods: Thirty-two Juvenile male Wistar rats (80-100 grams) were randomly assigned into four groups of
eight animals per group (n=8). Group A served as a normal control and had only access to feed and water; groups
B and D received Ascorbic acid orally at 10mg/kg. Additionally, groups C and D received fluoxetine at 10mg/kg
orally by gavage. The substances were administered five days per week for eight weeks. After the last
administration, rats underwent neurobehavioral tests [motor coordination using the catalepsy bar test, anxiety-
related behaviors with the elevated plus maze model, and sociability test (three-chamber social interaction
paradigm)]. The analysis was performed using one-way analysis of variance (ANOVA) in Windows (version
0.98), followed by a post-hoc test (Tukey HSD) for inter-group comparisons. Results were presented as mean +
standard error of mean (S.E.M). The intergroup significant difference was accepted as p < 0.05.

Results:The feed intake, relative change in body weight, time spent in the open arm, and with the social stimulus
results show a statistically significant decrease (p< 0.05) in group C compared to group A. Compared to group
C, a statistically significant increase (p < 0.05) was observed in group D. In contrast, the catalepsy score, time
spent in the closed arm, and in the empty chamber results show a statistically significant increase (p < 0.05) in
group C compared to the control group A. Compared to group C, a statistically significant decrease (p < 0.05)
was seen in group D.

Conclusion:The debilitating effects of fluoxetine administration, as confirmed in this study, warrant more
rigorous monitoring of its use; further research is needed to establish these effects in humans.

Keywords: Behavioral-despair, Ascorbic Acid, Sociability, Fluoxetine, anti-depressants
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INTRODUCTION

Fluoxetine, a well-known selective serotonin reuptake inhibitor (SSRI) commonly used in the management of
depressive disorder, has received wide acceptance in clinical trials (1). The expected outcome has been observed
through its ability to modulate mood by regulating neurotransmitters such as serotonin and dopamine, which are
responsible for mood regulation.

However, in the last few decades, preclinical and clinical trials have established an association between
fluoxetine usage and some adverse effects, such as sexual dysfunction, tremor, anxiety, sociability disparity, loss
of appetite, and weight loss (2,3), among others. These adverse effects have often called for a careful watch on
patients undergoing treatment using fluoxetine. In fact, the onset of fluoxetine usage has been proven to have a
strong association with suicidal ideation (4). While its sexual dysfunctional effects have attracted more attention,
little or no attention has been considered worthy concerning its other adverse effects. Probably because of their
minimal deleterious impact on the population using it. Interestingly, recent studies have established an increased
prevalence of social interaction deficit and anxiety, particularly among young male adults undergoing fluoxetine
treatment (5). Moreover, Tremor, loss of appetite, and weight loss are also established as associated adverse
effects with its usage (6). It is therefore important not to overlook its adverse effects that are considered minimal,
but rather search for other possible supplements that will not impede its efficacy in the treatment of depressive
disorder, but will mitigate its adverse effects on the stated conditions.

Ascorbic acid, commonly known as vitamin C, is a water-soluble vitamin that plays an essential role in brain
health and function due to its antioxidant properties (7). Studies have established its significant reversal effects
on some behavioral deficits in rodents (8). Travica et al. (2017) in their study also reported its beneficial effects
on brain health (9), the ameliorative effects of ascorbic acid on memory and attention deficit, anxiety, depressive
behaviors, motor and social change (10,11, 12). Its ability to scavenge reactive oxygen species and mitigate
oxidative stress, as well as its effects on the hypothalamic-pituitary-adrenal (HPA) axis modulation, is the
commonly reported mechanism of action in the expression of these effects. Despite the reported beneficial
impact of ascorbic acid on brain health and behaviors, there is a paucity of scientific information regarding its
effects on the debilitating impact of fluoxetine usage in this shady area. The current study aims to evaluate its
mitigating impacts on the adverse depilating effects of fluoxetine usage.

MATERIALS AND METHODS
Drugs

Fluoxetine (Bristol Laboratories Ltd., Berkhamsted, Herts, HP4 1EG, UK), Ascorbic acid (100 mg, BIORAJ
Pharmaceuticals LTD, Nigeria), Distilled water, Elevated Plus Maze, Three chambers social interaction
paradigm, and Catalepsy rods.

Animals

Healthy Juvenile Male Wistar rats whose weight ranged between 70-90g each used in this study were procured
from the animal breeder at Iwo, Osun State, Nigeria. The rats were transported in the cool hour of the day to the
research animal house of the Anatomy Department, University of Ilesa, Ilesa, Osun State, Nigeria. The rodents
were housed in metal cages with dimensions 25 x 10 % 10 inches under a temperature-controlled (22.5°C +
2.5°C) arena with switched-on lights at 7.00 in the morning. Animals were allowed to feed and drink clean water
ad libitum. Animals were acclimatized for seven days before the commencement of the study. Research ethical
approval was obtained from the research ethical committee of the Faculty of Basic Medical Sciences, Obafemi
Awolowo University, Ile-Ife, Nigeria, with approval number (IPH/OAU/12/3121). All procedures were carried
out in compliance with the approved protocols of the same and within the guidance for animal care and use
prescribed in the scientific procedures on living animals, European Council Directive (EU2010/63). Ethical
approval.

Diets

From weaning and throughout the experimental period, rats in all groups were fed rodent pellets (29% protein,
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11% fat, 58% carbohydrate) procured from a commercial vendor in Ilesa, Osun State, Nigeria.
EXPERIMENTAL METHODOLOGY

Thirty-two (32) Juvenile male Wistar rats were randomly assigned into four groups of eight (n=8) animals per
group. Group A served as a normal control and had only access to feed and water; groups B and D received
Ascorbic acid orally at 10mg/kg b.w. of rats as previously administered by Salami et al., 2023 (13) Additionally,
groups C and D received fluoxetine at 10mg/kg body weight (14) orally by gavage using an oral cannula. The
substances were administered for five (5) days a week for eight (8) weeks. Twenty-four (24) hours after the last
administration in the eighth week, the rats were transferred to the neurobehavioral room within the research
animal house for assessment of motor coordination using the catalepsy bar test, anxiety-related behaviours using
the elevated plus maze model, and sociability using the three-chamber social interaction paradigm.

Feed intake and Body weight assessment

Relative feed intake and Body weight were measured daily and weekly, respectively, by an electronic weighing
balance as previously done by Garcia et al. (2013) (15) and Ojo et al. (2025) (16). The relative change in body
weight as measured in this study was calculated for each of the animals using the following equation. The values
for all animals were computed to determine the statistical mean.

Final body weight — Initial body weight

Initial body weight
Behavioral tests

The behavioral tests were done as follows: The catalepsy test, the anxiety-related behaviors with the elevated
plus maze, and the Sociability test using the three-chamber social interaction paradigm. The behavioral assays
were done under a dim light in a room temperature of 25 + 2°C within the period of 4 days consecutively, running
each assay on each day in the order stated above. Animals were habituated to the assay room 30 minutes before
the evaluation (17).

The Catalepsy Measurement

As previously discussed by Onaolapo et al. (2012) (18) and Luciani et al. (2020) (19), the catalepsy was measured
by lifting the animals and placing their front paws on an elevated steel bar measuring 15c¢m long, 15mm in
diameter, 5.5cm above the surface, with the hind limb above the surface. The centre of the steel bar was marked
to ensure rats were placed at the same position throughout the test. For many rats that refused to stay in position,
the tests were repeated three times, and the cataleptic score was recorded as zero for rats that were unable to
move after several trials. Sixty (60) seconds was considered the end time for animals that remained on a spot for
a longer time. Generally, the experiment is terminated for each animal when one or two of its forelimbs are
removed from the bar. The time of such events was documented, after which the rats were returned to their
respective home cage in preparation for the next test

Anxiety-related Behaviors

The anxiety-related behavior was assessed using the elevated plus-maze, a plus-shaped paradigm that has two
open arms measuring 50 x 10 x 0 cm transversing one another and right-angled to two closed arms that measure
45 x 10 x 25 cm, with a midpoint area measuring 10 X 10 x 1 cm. The closed arms have two enclosed walls
measuring 30 cm high. Each rat was placed at the midpoint of the maze, facing the closed arm, and the time
spent in either of the closed or open arms was measured for 10 minutes per animal, as previously done by
Onaolapo et al. (2023) (18). The animal is considered to be in the closed arm when the fore and hind limbs cross
into the closed chamber and vice versa.

Sociability Test
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The sociability test was carried out using the three-chamber social interaction paradigm as previously reported
by Szabo et al. (2024) (17) and Onaderu et al. (2025) (20). The sociability paradigm is made of a plastic container
measuring 60 cm % 40 cm % 20 cm with an exposed upper surface; the chamber is compartmentalized into three
chambers measuring 20 cm % 40 cm x 20 cm. The three chambers were connected by an entryway through which
the experimental animals could freely move from one chamber to the other. Each of the experimental animals
was habituated to the paradigm for five (5) minutes before the commencement of the test. A new rat of the same
strain and sex (social stimulus) was positioned in a 10 cm diameter wire cylinder-shaped cup on a side in one of
the chambers. The 10 cm diameter wire cylinder-shaped cup was alternated per trial to avoid bias of a side. A
similar but empty diameter wire cylinder-shaped cup (Non-social stimulus) was positioned in an opposite
chamber. The experimental rats were left to explore the apparatus without obstacles for ten (10) minutes. The
total time spent interacting with either the empty wire cylinder-shaped cup, the neutral middle chamber, or the
diameter wire cylinder-shaped cup containing the social-stimulus rat was recorded and scored. A proximity of
less than one cm (< 1 cm) of the experimental animal’s nose oriented towards the diameter of the wire cylinder-
shaped cup is considered an interaction.

Statistical analysis

Chris Rorden’s ANOVA for Windows (version 0.98) was used to analyze data. The analysis was done by One-
way analysis of variance (ANOVA) followed by post-hoc test (Tukey HSD) for intra- and inter-group
comparisons. Results were presented as mean + S.E.M. The significant difference from the control group was
accepted as p < 0.05.

RESULTS
Effects of Ascorbic Acid on Feed Intake in Fluoxetine-Treated Rats.

Figure 1 shows the effects of ascorbic acid on the daily feed intake in rats treated with fluoxetine. A statistically
significant decrease (p < 0.05) was observed in the group that received fluoxetine compared to the control group.
Compared to the fluoxetine-treated group (C), a statistically significant increase (p < 0.05) was observed in the
group co-administered fluoxetine and ascorbic acid (D).

Figure 1: Effect of ascorbic acid on the daily feed intake in rats treated with fluoxetine. Each bar represents
Mean = S.E.M., with p <0.05 against control. bp < 0.05 represents a significant difference from FXT; the number
of rats per treatment group, n=8. FXT: fluoxetine, AsA: ascorbic acid.
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Effects of Ascorbic Acid on Body Weight in Fluoxetine-Treated Rats.

Figure 2 shows the effects of ascorbic acid on the relative change in body weight in rats treated with fluoxetine.
A statistically significant decrease (p < 0.05) was observed in the group that received fluoxetine alone (C)
compared to the control group (A). Compared to the fluoxetine-treated group (C), a statistically significant
increase (p < 0.05) was seen in the group co-administered fluoxetine and ascorbic acid (D).
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Figure 2: Effect of ascorbic acid on the relative body weight change in rats treated with fluoxetine. Each bar
represents Mean + S.E.M., with p < 0.05 against control. °p < 0.05 represents a significant difference from FXT;
the number of rats per treatment group = 8. FXT: fluoxetine, AsA: ascorbic acid.
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Effects of Ascorbic Acid on Motor Coordination on the Catalepsy Bar Test in Fluoxetine-Treated Rats.

Figure 3 shows the effects of ascorbic acid on motor coordination on the catalepsy bar test in rats treated with
fluoxetine. A statistically significant increase (p < 0.05) was noted in the group that received fluoxetine alone
(C) compared to the control group (A). Compared to the fluoxetine-treated group (C), a statistically significant
decrease (p < 0.05) was seen in the group co-administered fluoxetine and ascorbic acid (D).

Figure 3: Effect of ascorbic acid on catalepsy in rats treated with fluoxetine. Each bar represents Mean + S.E.M.,
with ®p < 0.05 against control. ®°p < 0.05 represents a significant difference from FXT; the number of rats per
treatment group = 8. FXT: fluoxetine, AsA: ascorbic acid.
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Effects of Ascorbic Acid on Anxiety-Related Behaviors in Fluoxetine-Treated Rats.

Figure 4 shows the effects of ascorbic acid on time spent in the open arm in rats treated with fluoxetine. Sole
administration of ascorbic acid in group B was associated with a statistically significant increase (p < 0.05)
compared to the control group. A statistically significant decrease was observed in the fluoxetine-treated group
(C) compared to the control (A) and the ascorbic acid-administered group (B). Moreover, co-administration of
fluoxetine and ascorbic acid in group D was associated with a statistically significant increase (p < 0.05) in the
time spent in the open arm compared to group D.
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Figure 4: Effect of ascorbic acid on the time spent in the open arm in rats treated with fluoxetine. Each bar
represents Mean = S.E.M., with ?p < 0.05 against control. °p < 0.05 represents a significant difference from FXT;
the number of rats per treatment group n=8. FXT: fluoxetine, AsA: ascorbic acid.
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Figure 5 shows the effects of ascorbic acid on time spent in the closed arm in rats treated with fluoxetine. Sole
administration of ascorbic acid in group B was associated with a statistically significant decrease (p < 0.05)
compared to the control group. A statistically significant increase was observed in the fluoxetine-treated group
(C) compared to the control (A) and the ascorbic acid-administered group (B). Moreover, co-administration of
fluoxetine and ascorbic acid in group D was associated with a statistically significant decrease (p < 0.05) in the
time spent in the open arm

Figure 5: Effect of ascorbic acid on the time spent in the closed arm in rats treated with fluoxetine. Each bar
represents Mean = S.E.M., with ?p < 0.05 against control. ®p < 0.05 represents a significant difference from FXT;
the number of rats per treatment group, n=8. FXT: fluoxetine, AsA: ascorbic acid.
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Effects of Ascorbic Acid on sociability in fluoxetine-treated rats.

Figure 6 shows the effects of ascorbic acid on the interaction time in seconds (s) with the empty chamber and
social stimulus (a strange rat) in rats treated with fluoxetine. On the empty chamber interaction, a statistically
significant increase (p < 0.05) was observed in the fluoxetine-treated group (C) compared to the control (A),
while the co-administration of fluoxetine and ascorbic acid in group D was associated with a statistically
significant decrease (p < 0.05) in the interaction time with the empty chamber. Moreover, during the time spent
with the social stimulus, a statistically significant decrease was observed in the fluoxetine-treated group (C)
compared to the control (A) and the ascorbic acid-administered group (B). However, the co-administration of
fluoxetine and ascorbic acid in group D was associated with a statistically significant increase (p < 0.05) in the
interaction time with social stimulus compared to group C.
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Figure 6: Effect of ascorbic acid on the interaction time with the empty chamber and the social stimulus in
fluoxetine treated rats. Each bar represents Mean = S.E.M. The number of rats per treatment group, n=8. FXT:
fluoxetine, AsA: ascorbic acid.
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Figure 7 shows the effects of ascorbic acid on the number of interactions between the rats treated with fluoxetine
and the social stimulus. A statistically significant decrease (p < 0.05) was observed in the fluoxetine-treated
group (C) compared to the groups A and B, while the co-administration of fluoxetine and ascorbic acid in group
D was associated with a statistically significant increase (p < 0.05) compared to group C.

Figure 6: Effect of ascorbic acid on the interaction time with the empty chamber and the social stimulus in
fluoxetine treated rats. Each bar represents Mean = S.E.M. with p < 0.05 against control. °p < 0.05 represents a
significant difference from FXT. The number of rats per treatment group, n=8. FXT: fluoxetine, AsA: ascorbic
acid.
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DISCUSSION

The impact of fluoxetine on daily feed intake, relative change in body weight, catalepsy score (a measure of
muscular rigidity and the inability to correct an externally imposed abnormal posture), time spent in the open
arm, and closed arm of the elevated plus maze, as well as the sociability, was evaluated.

Administration of the commonly prescribed antidepressant drug in this study shows some debilitating effects, as
seen with the significant decrease in daily feed intake and loss of body weight in the group solely administered
fluoxetine. While this result is in corroboration with clinical trials that reported similar effects (21), it has not
been documented as a threat to human health in clinical trials. However, an extended and unmonitored significant
loss of appetite and weight loss could further result in other complications, such as fatigue and dizziness, as well
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as other psychological effects (22). The calorie deficit, often resulting from loss of appetite, is a justification for
the accompanied weight loss in the same group. Interestingly, the ameliorative effects of ascorbic acid were
observed in this study, with both the daily feed intake and relative change in body weight being significantly
increased in the group that was co-administered fluoxetine and Ascorbic acid.

Furthermore, the catalepsy score, a measure of muscular rigidity as examined in this study, reveals an association
between the fluoxetine usage and muscular rigidity, with the catalepsy score significantly increasing with its sole
administration. Fluoxetine’s ability to inhibit calcium entry further interferes with the calcium signal, which
alters muscle tone and contractility (23). While fluoxetine does not directly deplete striatal dopamine levels, its
usage is known to exacerbate decreased striatal dopamine activities (24). A bidirectional relationship exists
between dopamine metabolism and oxidative stress; dopamine metabolism generates reactive oxygen species, a
hallmark of oxidative stress (25). While fluoxetine is commonly known to reverse oxidative stress in clinical
trials and animal studies (26), its chronic administration is shown to induce oxidative stress in animal studies
(27). However, the alleviating impact of Ascorbic acid was appreciated with the decreased catalepsy score in the
group that received both fluoxetine and Ascorbic acid. Study done by Zylinska. (2023) (28) shows that Ascorbic
acid can modulate calcium signaling, a major process that was deregulated by fluoxetine usage. It is known that
Ascorbic acid can inhibit and facilitate calcium signaling depending on beneficial calcium levels. Furthermore,
ascorbic acid, a dopamine B-hydroxylase cofactor, indirectly enhances dopamine synthesis and also modulates
dopamine levels through its antioxidant properties (29). The results of the anxiety-related behaviours as observed
with the time spent in the open and closed arms in this study contrast with some studies that reported the
anxiolytic effects of fluoxetine. (30) Acute fluoxetine administration rapidly blocks serotonin reuptake, spiking
extracellular 5-HT within one hour in animal models, eliciting anxiogenic effects before adaptations (31).
Panicogenic effects observed with chronic fluoxetine administration in this study contrast with the established
anxiogenic effects that are associated with its acute administration. On the other hand, the result of this study is
in tandem with the findings that established an anxiogenic effect of fluoxetine usage as a symptom of its onset
of action, although in acute administration (32). Administration of fluoxetine was associated with a significant
decrease in the time spent in the open arm, while the increases significant in time spent in the closed arm; these
effects were reversed with Ascorbic acid usage. This result raises a controversy as regards the beneficial effects
of fluoxetine in this context. Loss of appetite and weight loss observed with fluoxetine usage could be a
contributing factor to the anxiogenic traits seen with its administration, as studies have continued to establish a
linkage between loss of appetite and psychological derailment, such as emotional distress and depression (33,34).

Although it was interesting to note that depression is not solely a result of loss of appetite, but an outcome of
multiple interplays between decreased feed intake and some biological mechanisms that exacerbate wellness. A
complex multifactorial impact on sociability test has been documented concerning the fluoxetine usage; (3) their
study shows that acute administration of fluoxetine was associated with social avoidance and vigilance, and
conversely increases sociability under acute administration, particularly under stress conditions. The time spent
with the social stimulus, empty chamber, and the interaction count with the social stimuli all reveal exacerbated
effects of fluoxetine on social interaction. On the other hand, ascorbic acid mitigated these effects by enhancing
the sociability in rats co-administered ascorbic acid and fluoxetine.

CONCLUSION

This study reveals the debilitating effects of fluoxetine administration on daily feed intake, relative change in
body weight, catalepsy test, anxiety-related behaviors, and sociability in the treatment of depressive disorder.
Although its usage is generally considered safe in clinical trials, except about its well-established adverse effects
on sperm health. Several instances have been seen where a drug that has been considered safe was banned due
to repeated reports of its adverse effects. Could there be a complex interplay that underlies its yet-approved
adverse effects as seen in this study?

Further research is necessary to evaluate and ascertain the chronic and acute administration of fluoxetine,
particularly on the anxiety-related behaviours; such findings will be more precise if the levels of some key
oxidative stress markers and the histomorphology of brain regions for mood and sociability are evaluated.
Moreover, translation of these effects to humans will require further studies.
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