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Abstract: The selective serotonin reuptake inhibitor fluoxetine is one of the most commonly ad-
ministered psychotropic medications; however, it has been recognized as toxic to aquatic life. In
this study, we showed that stress responses and feeding motivation in Nile tilapia were affected by
acute exposure to fluoxetine. To reach that conclusion, we exposed Nile tilapia to 0, 1 or 10 µg/L
(environmentally/biologically relevant doses) of fluoxetine over a 24 h period and then exposed
them to a handling stressor. We found that the 10 µg/L dose enhanced cortisol response to stress but
caused an earlier decrease in the ventilation boost induced by that stressor. An immediate ventilation
boost after stressful stimuli indicates sympathetic activation. Thus, this suggests that fluoxetine
decreased sympathetic nervous system activity but augmented hypothalamus–pituitary–interrenal
axis activity in the fish. Both feeding latency and ingestion were similar among the tested conditions;
however, a multiple logistic regression model revealed that in the presence of a stressor or fluoxetine,
the Nile tilapia tended to ingest less food but there was a higher probability of this decrease to be
associated with fluoxetine. We concluded that acute exposure to environmentally/biologically rele-
vant fluoxetine concentrations over 24 h acted as a modifying factor for Nile tilapia stress physiology
and tended to interfere with feeding motivation. An acute stress response is an emergency reaction
that contributes to the recovery of homeostasis. In the presence of fluoxetine, modifications of acute
stress responses and the tendency to reduce food intake, which restricts the ability to replace the
energy spent on stress responses, could compromise the resumption of homeostasis and an animal’s
adjustment to different environmental contexts, such as those associated with aquaculture, in which
anthropogenic stressors inevitably occur.

Keywords: serotonin; endocrine-disrupting chemicals; stress response; fish; fluoxetine

Key Contribution: Fluoxetine modulated ongoing acute stress responses in Nile tilapia since this
drug increased the cortisol response to handling, while attenuating ventilation rate. Fluoxetine and
stress also tended to decrease food intake in this species.

1. Introduction

Stress is the state in which the homeostasis of an organism is threatened or disturbed by
internal and/or external stimuli to the body (stressors). Stressor-induced responses involve
behavioral and physiological reactions (stress responses) that contribute to the resumption
of homeostasis. In fish, stress responses initially involve the activation of the sympathetic
autonomic nervous system, resulting in, for example, an increase in blood adrenaline
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levels [1,2] and cardiorespiratory adjustments, such as increased heart rate [3] and respira-
tory activity [4–7]. In parallel to these responses, the hypothalamus–pituitary–interrenal
(HPI) neuroendocrine axis is also activated, culminating in an increase in plasma cortisol
levels after the onset of previous responses [8–10]. Both secreted hormones (adrenaline
and cortisol) can increase glucose levels, providing energy to the body to deal with and
overcome stressors [11].

At least in mammals, serotonin (5-hydroxytryptamine) is one of the main neurotrans-
mitters of the central nervous system. Serotoninergic fibers innervate brain structures,
such as the hippocampus, prefrontal cortex, amygdala and hypothalamus, and modulate
both sympathetic and hypothalamus–pituitary–adrenal axis activity, which are the main
stress response systems [12–14]. Regarding fish, despite their neuroanatomical and genetic
differences from mammals, the serotoninergic system (SS) influence in their stress response
systems seems to be qualitatively similar to a certain degree [15,16]. In fact, stress and
behavioral responses in fish, especially in relation to HPI axis activity, is affected by SS
activity [17]. For example, increased serotonergic activity due to the administration of the 5-
hydroxytryptamine–1A serotonin receptor agonist 8-hydroxy-2-(di-n-propylamine)-tetralin
causes an increase in plasma cortisol levels in fish in a dose-dependent manner [18].

Pharmaceutical drugs are being increasingly detected in aquatic environments, includ-
ing the antidepressant fluoxetine (FLX), which is a selective serotonin reuptake inhibitor
(SSRI) [19–26]. The concentration of FLX found in aquatic environments typically varies
in the range of ng/L to µg/L [27]. FLX prevents the cellular reuptake of serotonin by
5-HT transporters, resulting in an increase in extracellular levels of serotonin [28,29]. The
presence of FLX in aquatic environments is a relevant concern in terms of its potential ad-
verse effects on non-target organisms [30]. Along this line, since FLX results in an increase
in serotonin concentrations, any physiological processes regulated by serotonin may be
susceptible to environmental exposure to FLX, such as stress.

The effects of FLX on cortisol levels in fish have been studied but there are still many
questions to be answered, especially due to the occurrence of divergent evidence [31,32].
Regarding HPI axis activity, the exposure of fish to a stressor typically increases cortisol
levels [8–10] but acute exposure to fluoxetine has been observed to attenuate cortisol
increases in fish [32–34]. However, no acute effects of FLX on cortisol increases during
stress responses have been observed (e.g., social stress [29] and skin and blood chemical
alarm cues [32]). Moreover, acute or chronic exposure to FLX can induce an increase
in cortisol levels [28,35,36]. Considering responses associated with sympathetic system
activity, to the best of our knowledge, there is no direct evidence of the effects of fluoxetine
in fish. In mammals, however, the acute administration of fluoxetine has been shown to
attenuate sympathetic activity [14]. This evidence has clearly shown the neuroendocrine-
modulating (‘disrupting’) effects of fluoxetine on physiological variables linked to stress
responses [31]. Given the consequences in relation to these variables, behaviors associated
with physiological stress systems may be also affected.

Feeding behavior is influenced by several different variables, including abiotic factors,
food cues, circulating levels of nutrients, hormones and neuropeptides [37–39]. Along this
line, in fact, feeding performance is affected by both fluoxetine and stress. Fluoxetine is
considered to be anorexigenic in fish [40,41] and mammals [42] and the administration of
serotonin causes a decrease in food intake in fish [43]. Stress can affect brain pathways
associated with appetite, thereby dysregulating food intake mechanisms in fish [44]. Thus,
stress and FLX could interact and affect feeding motivation in fish.

Based on this evidence, we evaluated whether acute exposure to environmentally
relevant doses of fluoxetine (1 and 10 µg/L) over 24 h modulate stress responses and
feeding motivation in Nile tilapia (Oreochromis niloticus) that were subjected to a handling
stressor. This species has been recognized as a suitable animal model for studying the
biological effects of FLX [45], but few studies have been conducted using Nile tilapia as the
experimental model. This species is of great economic relevance as it is the most cultivated
freshwater fish in the world [46,47] and our theoretical understanding of the phenomenon
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of stress contributes toward improving tilapia husbandry (e.g., stress reduction) [48]. As
stress indicators, we evaluated ventilatory rate [4], fluctuations in this variable indirectly
indicate changes in sympathetic system activity [2], as well as plasma cortisol levels [8–10].
We also evaluated whether feeding behavior was affected by these factors to infer changes
in behavioral motivation [49,50].

2. Materials and Methods
2.1. Ethical Approval

This study agreed with Brazilian legislation regulated by the National Council for
the Control of Animal Experimentation (CONCEA) and the Ethical Principles in Animal
Research formulated by the Brazilian Society of Science in Laboratory Animals and was
approved by the Bioscience Institute (UNESP) Ethics Committee on Use of Animals (CEUA)
(5589170521).

2.2. Fish and Holding Conditions
2.2.1. Stock Population

In this study, we used Nile tilapia (Oreochromis niloticus L.; GIFT strain; ~4-month-old
fish; ~7–8 cm; all males) that were randomly caught from our stock population, which is
kept in a 1000-L indoor masonry tank (100 individuals) with constant aeration, a continuous
flow of dechlorinated water for uninterrupted water renewal and mechanical–biological
filtration. The water temperature was ~26 ◦C, maintained using room air conditioners.
The photoperiod was 12 h of light and 12 h of dark, from 6 a.m. to 6 p.m., with an abrupt
transition from light to dark, controlled by an electronic timer. The fish were fed with
commercial pelleted chow for tilapias (36% protein; Supra Tilapia®; Alisul Alimentos
S/A—SUPRA; Rio Claro, Brazil) once a day until satiety.

2.2.2. Experimental Aquaria

The water used in the experimental aquaria came from the public water treatment
company of the State of São Paulo, Brazil (SABESP; Companhia de Saneamento Básico do
Estado de São Paulo), which provides high quality water to the population. The presence of
FLX is considered very rare in untreated water here and absent in treated water [51]. Never-
theless, the water used for our experiments was initially treated with sodium hypochlorite
to remove any existing organic molecules, including any potential traces of FLX [52]. Af-
terward, sodium thiosulfate was used to eliminate any chlorine/chloramine residue. The
presence of chlorine/chloramine in the aquarium water was not observed after the sodium
thiosulfate application.

The aquaria water received a constant supply of air from an airstone, which was
connected to air pumps via non-toxic silicon tubing. The pH of the water was around
7.0–7.2 and the levels of ammonia and nitrite were <0.002 ppm and <0.25 ppm, respectively.
The photoperiod and aquaria temperature were maintained similarly as described above.

2.3. Experimental Design

As a general strategy, we evaluated the effects of fluoxetine (FLX; CAS number 54910-
89-3; obtained from Tocris Bioscience (Ellisville, MO, USA)) on ventilatory rate (VR), plasma
cortisol levels and feeding behavior in Nile tilapia that were either exposed or not to a
handling stressor. The stock solutions of FLX were made by diluting pure fluoxetine
hydrochloride in distilled water (solution vehicle) and fractions of this solution were
then added directly into the water in the experimental aquaria to reach the desired FLX
concentrations (see below).

To perform this experiment, tilapias from our stock population were introduced
singly (1 fish/aquarium) into experimental aquaria (40 cm × 25 cm × 23 cm, with 20 L of
dechlorinated tap water) containing 0, 1 or 10 µg/L of FLX for 24 h. The concentration of
0 µg/L was a vehicle control (distilled water), while the concentrations of 1 µg/L [19,22]
and 10 µg/L [27,53] were environmentally/biologically relevant doses. After the 24-h
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period of exposure to the FLX concentrations, one batch of fish from each concentration
was subjected to a handling stressor, while another batch remained unhandled (‘non-stress’
control). The handling was conducted by chasing the animal with a net for 1 min, capturing
it, exposing it to air (hypoxia) for another 1 min and then reintroducing it into its respective
aquarium. Thus, the animals were divided into six experimental conditions (3 (doses) × 2
(stressor conditions) design); n = 10 fish/condition).

Our response variables were quantified according to the following schedule (see
Figure 1 for details). Immediately before the animals were exposed to handling, their VR
was measured twice, with a gap of 2 min between measurements. The mean value of these
two measures was considered as the VR baseline. Then, 1 min after the handling, their VR
was measured four more times every 2 min (at minutes 1, 3, 5 and 7 after the end of the
handling). Each fish acted as its own control in the case of VR measurements [4]. Next,
25 min after the stressor, we offered food to the fish and their latency to take the pellets and
food intake were quantified for 5 min following the introduction of food into the aquarium
water. If within this 5 min period the fish did not eat, we considered this maximum time as
the latency value (300 s). After this period of 5 min (30 min after the end of the stressor),
the fish were captured, anesthetized (described below), measured for mass and length and
blood was collected via cardiac puncture to quantify plasma cortisol levels. The animals
that were not exposed to the stressor (‘unhandled’) had their feeding behavior quantified in
the same way and went through the same process for blood collection as described above.
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2.4. Measured Variables
2.4.1. Ventilation Rate (VR)

VR is an easy, inexpensive, sensible and meaningful tool for the evaluation of the
effects of acute stressors in fishes [4,54–56]. In this study, VR was measured by quantifying
the time required for 10 opercular beats or mouth movements to occur. This measure-
ment was performed visually through a small hole in an opaque curtain to decrease the
visual perception of the investigator by the fish [57]. The investigator could see the entire
aquarium [57]. From these values, we estimated VR per minute [58].

2.4.2. Feeding Behavior

The feeding behavior was measured in terms of feeding latency and food intake.
Feeding latency was defined as the time elapsed from the introduction of pellets into the
aquarium (pellets float and stay on the surface—extruded pellets) to the first pellet being
bitten (swallowed or not). The latency to bite the food was inferred as the motivation to
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eat [38]. The consumed food mass was inferred from the total number of pellets ingested.
The pellets were introduced onto the water surface of the experimental aquaria through
a 70-cm tube, thereby keeping the fish away from the investigator. Each fish received six
pellets (36% protein; Supra Tilapia®).

2.4.3. Blood Collection, Sample Processing and Plasma Cortisol Analysis

For blood collection, each fish was captured using an aquarium net and placed in a
compartment containing an alcoholic solution of clove oil (stock solution of 100 mg/mL
of clove oil obtained from WNF (World’s Natural Fragrances; São Paulo, Brazil)) diluted
in water (100 mg/L) [49]. The animals were considered anesthetized when they reached
stage II of anesthesia (the loss of equilibrium and reflex and no muscle movement but the
maintenance of opercular beats), which is considered a suitable handleable stage [59,60].
After anesthesia, blood was collected via cardiac puncture using heparinized syringes.
Any possible handling-induced changes in stress responses were prevented by taking less
than 2 min between capture and blood sampling. Blood was centrifuged (10,000 rpm for
5 min) and plasma was collected, transferred to capped tubes and frozen (~−20 ◦C) until
required for analysis. Plasma cortisol levels were determined from the plasma samples
using a commercial ELISA kit (DRG® Cortisol ELISA, DRG International Inc., Springfield,
NJ, USA), as validated for fish [61].

2.5. Data Analyses

Our statistical analysis was conducted using Statistica v10. (Stat Soft). VR was
analyzed via a mixed ANOVA (one between-subject categorical predictor and one within-
subject repeated measures ANOVA), where the independent variable was fluoxetine con-
centration and the comparisons over time were the repeated measures, complemented
by Duncan’s tests. Plasma cortisol levels were compared using a 2-way ANOVA, with
fluoxetine concentration and the stressor as independent variables, complemented by
Newman–Keuls tests. No outlier values were found for either VR or cortisol, based on the
common criterion of the mean ± 3 × standard deviation. Due to their highly heteroscedas-
tic characters, feeding latency and ingestion were examined using Scheirer–Ray–Hare tests,
with fluoxetine concentration and the stressor as independent variables. Moreover, multiple
logistic regression was also performed, considering fish food intake with fluoxetine concen-
tration and the stressor as independent variables. For this analysis, the stressor and food
ingestion were transformed in binary variables (handled fish = 1; unhandled fish = 0; food
ingestion = 1; no food ingestion = 0), whilst fluoxetine doses were considered as nominally
stated. It has also been recommended to deal with outliers prior to MLR analysis [62].
Therefore, because of the food ingestion data heterogeneity, we used the Winsor approach
to detect outliers (lower–higher fences = Quartile 1 − 1.5 × Q1 − Q3 Interquartile range and
Quartile 3 + 1.5 × Q1 − Q3 IQR) and the data were winsorized [63] prior to transformation
in a binary variable. Differences were considered significant when p < 0.05.

3. Results
3.1. Ventilation Rate (VR)

Firstly, there were no differences between the baseline values among the experimental
groups (vehicle control, ‘handling’ + fluoxetine 1 µg/L (H-FLX1) and ‘handling’ + fluoxetine
10 µg/L (H-FLX10)), indicating that all animals started from similar resting VR conditions
(Figure 2). This statistical similarity indicated that fluoxetine did not affect the baseline
VR levels. However, we found significant interactions between FLX, handling and time,
as revealed by the ANOVA. After the handling stressor, VR increased significantly in
relation to the baseline VR, but there was a similar magnitude of VR elevation among the
groups, except for the last VR measurement (7 min) (Figure 2). In this last measurement,
the VR values were lower in the H-FLX10 group compared to the vehicle and H-FLX1
groups, although still higher than the baseline, indicating that fluoxetine interfered with
this variable (Figure 2).
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Figure 2. The mean (±SD) of the ventilation rates (VRs) of Nile tilapia exposed to handling and
fluoxetine. A mixed ANOVA revealed the significant effects of fluoxetine and handling on the VR of
Nile tilapia (F(8;108) = 2.07; p = 0.046). The post-stressor VR values were higher than the baseline VR
values (*). For the last time measurement, the letters indicate the comparison among the conditions
and different letters denote statistical differences.

3.2. Plasma Cortisol

We lost one quantification in the experimental condition of 10 µg/L of fluoxetine
without stress (‘unhandled’), because we obtained a very low value (an outside of cortisol
standard curve value (‘off-curve’)); so, in this condition and for this variable only, we
ended up with n = 9. A 2-way ANOVA revealed that the interaction between the stressor
and fluoxetine had a significant influence on plasma cortisol levels (Figure 3). Unhandled
animals had similar cortisol levels, indicating that fluoxetine did not affect the baseline
values of this hormone. The animals that were exposed to the stressor had increased cortisol
levels in relation to their respective controls (non-stressed fish). Furthermore, we found
that the handled fish in the H-FLX10 condition had higher cortisol levels than the fish in
the vehicle control and H-FLX1 conditions, which were similar to each other. This result
indicated that the highest tested concentration of fluoxetine enhanced cortisol levels during
response to stress in Nile tilapia.

3.3. Feeding Behavior

We did not observe any significant effects of the interaction between fluoxetine and
the stressor on either feeding latency (Figure 4A) or food intake (Figure 4B). In addition,
neither of these factors (fluoxetine and the stressor) affected feeding latency or food intake in
isolation. On the other hand, a multiple logistic regression analysis revealed that there was a
significant association between handling, fluoxetine and food ingestion (Figure 5). In this case,
the presence of the stressor or the higher dose of FLX tended to reduce food ingestion, but
there was a higher odds ratio (unit changes) for FLX (ORFLX = 0.86 × ORSTRESSOR = 0.37).
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Figure 3. The mean (±SD) of the plasma cortisol levels of handled and unhandled Nile tilapia that
were either exposed or not to fluoxetine. A 2-way ANOVA showed the significant interaction between
the effects of the stressor and fluoxetine (F(2;53) = 4.57; p = 0.015). The cortisol levels of the fish in all
groups that were exposed to handling (black bars) were higher than those of their respective controls
(white bars; ‘unhandled’ fish (*)). Note: # compares the black bars and denotes that the cortisol levels
of handled fish in the 10-µg/L FLX group were higher than those in groups that were exposed to the
handling stressor and a lower concentration of FLX (the vehicle or 1 µg/L groups).
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Figure 4. The mean (±SD) of the feeding latency (A) and ingestion (B) of handled and unhandled
Nile tilapia that were either exposed or not to fluoxetine. There were no observed influences of
the interaction between the effects of handling and fluoxetine (Scheirer–Ray–Hare test) on latency
(H(2;54) = 0.11; p = 0.90) or ingestion (H(2;54) = 0.10; p = 0.91). Moreover, no isolated effects of the
factors (Scheirer–Ray–Hare test) were observed for latency (stressor effect: H(1;54) = 1.28; p = 0.26;
fluoxetine effect: H(2;54) = 2.01; p = 0.14) or ingestion (stressor effect: H(1;54) = 1.79; p = 0.19; fluoxetine
effect,: H(2;54) = 1.49; p = 0.24).
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Figure 5. A multiple logistic regression analysis of the food ingestion of handled and unhandled
Nile tilapia that were either exposed or not to fluoxetine. This regression revealed a significant
association between the effects of the stressor and fluoxetine on food ingestion (p = 0.022; odds
ratio for FLX = 0.86; odds ratio for stressor = 0.37). This association suggests a tendency to observe
reductions in food ingestion as an effect of the stressor and fluoxetine. The surface function is
Z = exp(0.24410011384368 + (−0.99810948382)X + (−0.1530157885811)Y)/(1 + exp(0.24410011384368
+ (−0.99810948382)X + (−0.1530157885811)Y)).

4. Discussion

In this study, we showed that fluoxetine (FLX) modulated stress responses and feeding
motivation in Nile tilapia. We observed that Nile tilapia increased plasma cortisol levels in
response to a handling stressor and this response was enhanced by acute exposure (24 h)
to 10 µg/L of FLX. This observation suggested that FLX had a possible additive effect on
cortisol levels that were already raised by exposure to stress. The VR of the tilapia increased
as a function of exposure to handling but decreased significantly at the end of our VR
quantification interval in tilapia exposed to 10 µg/L of FLX. Regarding feeding behavior,
both handling and FLX seemed to be linked to the tendency to decrease food ingestion but
there was a higher probability of this effect with FLX.

The increase in plasma cortisol levels during stress responses in fish is a typical
occurrence and this glucocorticoid is one of the main indicators of stress in fish [8–10]. In this
study, in addition to handling, tilapias that were exposed to the highest tested concentration
of FLX (10 µg/L) had further increases in plasma cortisol levels. However, some studies
have shown that FLX (with acute or chronic administration) attenuates increases in cortisol
levels during stress responses [32–34,64–66], while others have indicated that FLX can
induce elevations in plasma cortisol levels in fish [28,34,36]. This phenomenon is even more
complex because there is evidence that FLX can attenuate increases in cortisol levels in fish
exposed to physical stressors (e.g., confinement or net pursuit) but does not have the same
effect when fish are exposed to chemical cues that indicate predation risk [32]. In vertebrates,
the activation of central 5-HT receptors can induce the release of glucocorticoids, such
as cortisol, either directly by action on the adrenal gland or indirectly by activating the
hypothalamus–pituitary–adrenal (HPA) axis (in mammals [12]) and a similar relationship
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has been suggested in fish (reviewed in [16]). Along this line, a single injection of the
drug citalopram, another selective serotonin reuptake inhibitor, has been shown to increase
ACTH and corticosteroid levels in male rats [67]. Based on the above evidence, it is plausible
to assume that the increases in cortisol concentrations observed in this study depended on
the intensity of the effects that FLX exerted at any possible sites along the HPI axis (directly
on the interrenal gland and/or by stimulating the superior parts of the HPI axis) during the
ongoing stress responses in the tilapia. Thus, we suggest that FLX and handling interacted
and induced a possible additive effect, resulting in a stronger effect than that observed in
response to exposure to handling alone. In future studies, it is necessary to investigate the
action of FLX in inducing responses at other sites along the HPI axis to clarify this possible
additive effect.

VR is another stress indicator in fish that is sensitive to a wide range of stimuli of differ-
ent intensities and it is typically a variable that increases during stress
responses [4,50,54–56,68,69]. The tilapia in the present study started with similar base-
line VR levels and, after handling, the animals in all conditions (vehicle, FLX1 and FLX10
groups) showed hyperventilation. Thus, this stimulus was effective in inducing increases in
VR. However, at the final time interval of the VR evaluation, the group exposed to 10 µg/L
presented lower VR values than the vehicle controls and the animals exposed to 1 µg/L,
although they were still higher than the baseline levels. Immediate changes (as was the
case in this study) in VR during stress indicate a possible increase in sympathetic nervous
system activity [2]. Thus, we suggest that FLX at the highest concentration tested (10 µg/L)
attenuated sympathetic activity during stress, resulting in earlier decreases in VR than
in the other conditions. This explanation is plausible because a decrease in sympathetic
activity in mammals with a reduction in heart rate has already been reported as an effect
of FLX [14]. Furthermore, in toadfish, FLX has been found to decrease cardiorespiratory
activity to hypoxia [70], a stressor that usually rapidly increases sympathetic activity and
VR [71], responses that allow fish to uptake more oxygen to deal with stress [72].

Stress [44] and chronic exposure to FLX [40,41] can reduce feeding performance. In
this study, feeding latency, which is indicative of feeding motivation [38], was not affected
by stress, FLX or the interaction between these two variables. Considering the Scheirer–
Ray–Hare test only, food ingestion was also not affected by the evaluated factors. However,
a logistic regression model indicated that exposure to the stressor and FLX seemed to be
associated with the tendency of the tilapia to decrease their ingestion of food, although
exposure to FLX had a higher probability of reducing food ingestion than exposure to
the stressor. Taking the results of these analyses together, we assumed that the observed
effects of the stressor and FLX were small, especially because the variability in the tilapia’s
food ingestion responses was high. However, these effects, especially the effects of FLX,
seemed to be realistic and were in line with previous reports on tilapia and other fish
species that underwent protocols of FLX or serotonin administration. Serotonin controls
appetite in fish and there is evidence that it has a stronger effect when administered
intracerebroventricularly than when administered intraperitoneally [66]. An inhibitory
action of serotonin on food intake has also been observed in rainbow trout (Onchorynchus
mykiss) when its levels were increased in some brain regions [73,74]. In experiments that
have studied chronic exposure to equal/higher doses of FLX in fish, decreases in food
intake and growth have also been documented (for instance, 100 µg/L in zebrafish [27]
and 10 or 100 µg/L in fathead minnow (Pimephales promelas) [53]). The acute exposure
(96 h) of Nile tilapia to a high concentration of FLX (1 mg/L, a simulation of excessive
environmental contamination) induced a long-term reduction in growth, a variable that
is dependent on food ingestion [75]. This evidence corroborates our finding that there
was a higher probability of tilapia not ingesting food as an effect of exposure to high
concentrations of FLX than exposure to the stressor.
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5. Conclusions

We concluded that fluoxetine modulated ongoing stress responses in Nile tilapia
since this drug increased cortisol response to handling, while attenuating ventilation rate.
Fluoxetine and stress also tended to interfere with feeding intake in this species. This
suggests that fluoxetine is a relevant variable that affects adaptive biological processes in
Nile tilapia.
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