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ABSTRACT

Background: Serotonin plays a pivotal role in regulating emotional and cognitive
behaviors. Early-life serotonin depletion can have long-term effects on anxiety-like
behaviors and memory performance. This study examined the impact of early-life
serotonin depletion via parachlorophenylalanine (PCPA) administration and
subsequent fluoxetine (FLX) treatment during adolescence on anxiety-like
behaviors and cognitive functions in male rats.

Methods: Thirty-two male rat pups were randomly assigned to four groups (n=8
per group): Control group; PCPA group (received 100 mg/kg
parachlorophenylalanine subcutaneously from postnatal days 10 to 20); FLX group
(treated with fluoxetine from days 21 to 60); PCPA+FLX group (received PCPA
from days 10 to 20, followed by fluoxetine from days 21 to 60). Anxiety-like
behaviors were assessed using the Open Field (OFT) and Elevated Plus Maze
(EPM) tests. Cognitive functions were evaluated through the Passive Avoidance
and Novel Object Recognition (NOR) memory tests. Data were analyzed using
one-way ANOVA and expressed as Mean + SEM.

Results: Neonatal PCPA treatment (100 mg/kg) increased anxiety-like behaviors
and impaired performance in the Novel Object Recognition and Passive Avoidance
tests. Adolescent fluoxetine treatment mitigated anxiety-like behaviors and
improved passive avoidance memory but had no significant effect on novel object
recognition memory.

Conclusion: Early-life serotonin depletion induces persistent effects on anxiety-
like behaviors and cognitive performance. Fluoxetine treatment during adolescence
can ameliorate some of these effects, with efficacy depending on the specific
behavior and neural circuits involved. These findings have clinical implications for
treating anxiety and cognitive disorders in individuals with early-life serotonin
deficiencies. Future studies should investigate sex-dependent effects and
underlying molecular mechanisms.
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Extended Abstract

Background: The neonatal stageis a critical
period of neuronal development, essential for
understanding the causes and developmental
issues, as well as mental disorders such as
stress, depression, and cognitive impairment in
adulthood. Studies have shown that exposure to
harmful chemical agents in early life can have
long-term effects on behavior, as this period is a
sensitive time for neural network development .
Adolescence also represents a dynamic period
of brain maturation characterized by extensive
synaptic ~ remodeling,  myelination, and
refinement of monoaminergic circuits,
rendering it a second critical window of
vulnerability and opportunity for
psychopharmacological intervention. Among
monoamines, serotonin (5-HT) plays a pivotal
role in modulating prefrontal-hippocampal
connectivity, cognitive  flexibility, and
emotional regulation functions, frequently
impaired in neurodevelopmental impairments
such as anxiety, depression, and attention-
deficit/hyperactivity disorder.

The neurotransmitter serotonin is an important
brain neurotransmitter that is present during
development and throughout an individual’s
life. In fact, serotonin plays two critical roles in
the brain. First, during development, it acts as a
neurotrophic growth factor, promoting the
maturation of the serotonergic system and the
nervous system, contributing to vital processes,
such as cell proliferation, migration,
myelination, synaptogenesis, and dendritic
growth. Its secondary role is as a
neurotransmitter in the developed brain that
regulates cognitive functions, attention,
emotions, sleep, pain, and irritability.
Additionally, serotonin plays a fundamental
role in regulating the stress response system, or
the hypothalamic-pituitary-adrenal axis, with
changes in this axis leading to anxiety disorders
and depression. Several documents have
indicated that disorders in the serotonergic
system, as a key developmental factor,
contribute to mental impairments such as
schizophrenia, anxiety, mood disorders, and
autism . In addition, a reduction in serotonin
during early life, between 10-20 days after
birth, using tryptophan hydroxylase inhibitors
or para-chlorophenylalanine (PCPA), leads to

reduced synaptic density and impairments in
spatial memory in the adult brain. Early-life 5-
HT depletion produces lasting deficits in
anxiety regulation and cognitive flexibility,
recapitulating endophenotypes of stress-related
and neurodevelopmental disorders.

Fluoxetine (FLX), a selective serotonin
reuptake inhibitor (SSRI), a commonly used
antidepressant, is usually prescribed for treating
mental disorders in adolescents. In fact, FLX is
the only antidepressant approved by the FDA
for pediatric major depressive disorder (ages 8—
17) and obsessive-compulsive disorder (ages 7—
17), yet its neurodevelopmental impact during
adolescence remains incompletely understood.
Prior animal studies have shown that treatment
with fluoxetine during adolescence triggers
lasting cognitive abnormalities and alters
hippocampal and cerebral neuroplasticity,
changes that persist into adulthood. Subsequent
administration of FLX is studied for its
potential to modulate long-term behavioral and
cognitive outcomes. Research indicates that
FLX can exert both protective and adverse
effects, depending on timing, dosage, and the
specific model. Preclinical and clinical
evidence reveal a dual-faced profile of
adolescent FLX: low-to-moderate doses (5—10
mg/kg in rodents; 10-20 mg/day in humans)
exert anxiolytic, pro-cognitive, and neuroplastic
effects. Conversely, high doses cause cognitive
impairment and apoptosis of the dentate gyrus.
Consequently, the present study aims to
evaluate the impacts of adolescent FLX
administration (5mg/kg) on cognitive functions
and anxiety-like behaviors following early life
serotonin depletion.

Methods: In the present work, we studied the
effects of adolescent treatment with FLX
following postnatal (PND 10-20)
administration of para-chlorophenylalanine
(PCPA, 100mg/kg, s.c.) on anxiety-like
behavior and cognitive functions. Thirty-two
male pups were selected for present work and
allocated into four groups (n=8 per group):
Control group; PCPA group (received 100
mg/kg PCPA subcutaneously from postnatal
days 10 to 20); FLX group (treated with
fluoxetine Smg/kg from days 21 to 60);
PCPA+FLX group (received PCPA from days
10 to 20, followed by fluoxetine from days 21
to 60) .Fluoxetine hydrochloride was dissolved
in sterile distilled water and prepared fresh
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daily to minimize degradation. The solution
was protected from light and maintained at
room temperature until administration. The
target doses (Smg/kg body weight) were
selected based on previously validated oral
administration protocols; however, to confirm
accurate drug administration, fluoxetine was
administered by gavage. Open field test (OFT)
and elevated plus maze (EPM) were used to
assess anxiety-like behaviors. Cognitive
functions were evaluated through the passive
avoidance and novel object recognition (NOR)
memory tests.

Results: Early-life serotonin depletion, induced
by p-chlorophenylalanine (PCPA; 100 mg/kg,
1.p., postnatal days 10-20), increased anxiety-
like behaviors. Specifically, PCPA-treated
animals displayed increased grooming and fecal
boli, decreased rearing frequency, reduced time
spent in the central zone of the open-field test,
and lowered percentage of open-arm time in the
elevated plus-maze.

Concurrently, cognitive  functions  were
impaired. In the novel object recognition task,
the discrimination ratio decreased significantly.

In the passive-avoidance paradigm, step-
through latency diminished, whereas time spent
in the dark compartment and the number of
dark-compartment entries both increased.
Adolescent fluoxetine administration
(5 mg/kg/day, oral, postnatal days 21-60)
decreased the anxiety-like behaviors and
restored passive-avoidance memory to control
levels. However, fluoxetine did not
significantly improve novel object recognition
memory.

Conclusion: Manipulation of the serotonergic
system in early life has lasting effects on
anxiety-like behaviors and cognitive function.
Fluoxetine treatment during adolescence can
ameliorate some of these effects, with
effectiveness depending on the specific
behavior and neural circuits involved. These
results have clinical implications for the
treatment of anxiety and cognitive impairment
in individuals with early-life serotonin
deficiency. These findings carry direct clinical
implications for early SSRI intervention in
children = with  developmental serotonin
vulnerability.
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