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Aquatic environments are increasingly affected by emerging contaminants, including
pharmaceutical residues and plastic waste. Fluoxetine (FLX), a widely prescribed
antidepressant, and polystyrene (PS-MNPs), among the most abundant persistent
pollutants, pose significant threats to aquatic health due to their high stability and potential
detrimental effects. Given that organisms in natural environments are rarely exposed to a
single contaminant, this study was designed to evaluate the individual and combined
toxicological effects of polystyrene nanoplastics (PS-NPs), microplastics (PS-MPs), and
fluoxetine on hematological indices in juvenile rainbow trout (Oncorhynchus mykiss). For
28 days, juvenile trout were fed diets containing fluoxetine (6.7 mg/kg), PS-NPs (100 nm;
at 500 and 1000 mg/kg), PS-MPs (7 um; at 500 and 1000 mg/kg), and their combinations.
Following the exposure period, blood samples were collected, and parameters including
red blood cell (RBC), white blood cell (WBC), hematocrit (Hct), hemoglobin (Hb), and
differential leukocyte count were measured. Results indicated that exposure to the
contaminants, particularly in combined treatments, induced significant adverse effects on
the hematological profile. RBC, Hb, and Hct showed significant decreases across most
treatment groups compared with the control (P<0.05). WBC increased significantly in the
FLX and combined treatment groups, but no significant change was observed in the
plastic-only groups (P>0.05). Significant alterations in differential leukocyte counts were
also recorded, including increased neutrophils and decreased lymphocytes, especially at
the highest combined exposure dose (P<0.05). This study demonstrates that FLX and PS-
MNPs, both individually and in combination, disrupt the hematological health of fish. The
observed changes indicate systemic physiological stress, impaired oxygen-carrying
capacity, and immunomodulatory effects. These findings underscore the necessity for
comprehensive ecological risk assessments that account for the complex interactions
among emerging contaminants in aquatic ecosystems.
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EXTENDED ABSTRACT

Introduction

Aquatic ecosystems are increasingly exposed to emerging contaminants originating from anthropogenic
activities, with pharmaceutical residues and plastic-derived particles considered major environmental
threats. Fluoxetine (FLX), a widely prescribed selective serotonin reuptake inhibitor (SSRI) used as an
antidepressant, is frequently detected in aquatic environments due to its extensive consumption and
incomplete removal during wastewater treatment processes. Simultaneously, microplastics (MPs) and
nanoplastics (NPs), particularly polystyrene (PS)-based particles, have become ubiquitous contaminants
in freshwater and marine ecosystems. Their persistence, high bioavailability, and ability to interact with
coexisting pollutants raise serious concerns about the health of aquatic organisms. While the
independent toxicological profiles of these contaminants have been increasingly documented, aquatic
organisms in their natural habitats are rarely exposed to single pollutants. This complex reality
necessitates rigorous research into their combined synergistic or antagonistic effects for realistic
environmental risk assessment. Hematological parameters are highly sensitive physiological biomarkers
that provide invaluable data for evaluating animal welfare, identifying systemic stress, and monitoring
immune system activation. Consequently, this study was designed to rigorously evaluate the
independent and combined toxicological effects of dietary FLX and polystyrene micro- and nanoplastics
on the systemic hematological indices of juvenile rainbow trout (Oncorhynchus mykiss).

Material and Methods

Polystyrene particles with sizes of 100 nm (nanoplastics) and 7 um (microplastics) were carefully
characterized using scanning electron microscopy (SEM) and Fourier-transform infrared spectroscopy
(FTIR), confirming their spherical morphology, smooth surface structure, and chemical identity. The in
vivo experimental trial utilized healthy juvenile rainbow trout with an average weight of 25.15+0.51 g
and length of 13.18 £ 0.83 cm. Following a standard 14-day acclimation period, the fish were randomly
distributed across 36 fiberglass tanks (500 L capacity, maintaining 10 fish per tank), representing 12
distinct experimental groups in triplicate. Fish were exposed for 28 days to experimental diets uniformly
supplemented with fluoxetine (6.7 mg kg™! feed), polystyrene nanoplastics at concentrations of 500 and
1000 mg kg feed, and polystyrene microplastics at 500 and 1000 mg kg™! feed. Combined exposure
groups included specific combinations of FLX with varying plastic sizes and concentrations. The fish
were fed the experimental diets at 3% of their body weight twice daily. At the conclusion of the trial,
blood samples were collected from the caudal vein following anesthesia with clove extract, utilizing
lithium heparin as an anticoagulant. Hematological analyses included red blood cell count (RBC), white
blood cell count (WBC), hematocrit percentage (Hct), hemoglobin concentration (Hb), and differential
leukocyte counts (neutrophils, lymphocytes, monocytes, and eosinophils). Statistical analyses were
performed using one-way ANOVA followed by Tukey’s post hoc test at a significance level of £<0.05.

Results

The comprehensive hematological analysis revealed that exposure to fluoxetine and polystyrene
particles induced significant physiological disruptions, particularly under combined exposure
conditions.

o Erythrocytic Parameters: Exposure to FLX and polystyrene particles resulted in a significant
reduction in RBC counts across most treatment groups when compared to the control group,
with the exception of the low-dose microplastic treatment (£<0.05).

e Hematocrit percentages and hemoglobin concentrations similarly declined across all single and
combined treatments containing the contaminants (£<0.05).

e Crucially, the most severe and statistically significant reductions in RBC, Hct, and Hb were
consistently observed in the combined treatment groups, particularly at higher plastic



Investigating the individual and combined effects of Fluoxetine and Polystyrene micro.. 3

concentrations combined with FLX. This indicates severe impairment of erythrocyte
homeostasis and the induction of anemia-like conditions.

o Leukocytic Parameters: The total WBC counts indicated a pronounced immune response. While
exposure to plastic particles alone did not induce marked leukocytosis, treatments containing
FLX—both individually and in combinations—Ied to a significant elevation in total WBC
counts (P < 0.05). The highest WBC levels were observed in fish receiving the combined low-
dose nanoplastic and microplastic treatment together with fluoxetine.

o Differential Leukocyte Count: Combined exposures induced significant immunological
alterations characterized by neutrophilia and lymphopenia. Specifically, the highest combined-
exposure dose resulted in a significant increase in the percentage of neutrophils and a concurrent
significant decrease in lymphocytes and monocytes compared with the control group (£<0.05).
Eosinophil percentages remained largely unaffected.

Discussion

The observed hematological alterations highlight profound systemic stress and physiological
impairment. The uniform reduction in erythrocytic indices strongly suggests a compromised oxygen-
carrying capacity, likely driven by contaminant-induced oxidative stress. Increased reactive oxygen
species (ROS) production can disrupt the delicate balance between free radicals and the antioxidant
defense system of red blood cells, culminating in severe cellular damage, eryptosis, and impaired
hematopoiesis. Additionally, polystyrene microplastics have been implicated in physically damaging
RBC membranes, precipitating hemolysis. The leukocytic response further underscores the
immunotoxic nature of these agents. The distinct pattern of neutrophilia paired with lymphopenia is a
classic biomarker of systemic physiological stress and acute inflammation, indicating activation of
innate immune responses accompanied by suppression of adaptive components. Physiologically,
Fluoxetine is known to modulate serotonergic pathways, which can actively inhibit lymphocyte
proliferation and alter immune signaling. Simultaneously, the small size of micro- and nanoplastics
enables penetration across biological barriers; their phagocytosis serves as a primary uptake pathway,
activating the innate immune system and contributing to elevated neutrophil counts. Notably, the
exacerbated toxicity observed in combined exposures points to additive or synergistic interactions.
Micro- and nanoplastics may enhance the tissue distribution and bioavailability of Fluoxetine by acting
as pollutant carriers, thereby intensifying toxic effects. Furthermore, simultaneous exposure to dual
stressors may overwhelm antioxidant defense systems, resulting in cumulative homeostatic failure.

Conclusion

This research provides compelling evidence that Fluoxetine and polystyrene micro- and nanoplastics
significantly compromise the hematological health of rainbow trout, acting as both individual toxicants
and synergistic environmental stressors. The profound disruptions in oxygen transport capacity and the
marked dysregulation of innate and adaptive immune responses highlight the sublethal, yet highly
damaging, physiological effects of these emerging contaminants. Importantly, combined exposure led
to the most severe physiological disturbances, underscoring the critical need to move beyond single-
contaminant studies. Chronic exposure to such contaminant mixtures threatens to reduce disease
resistance, impair metabolic performance, and compromise growth and reproductive success, posing
substantial risks to aquaculture productivity and the sustainability of natural fish populations. To
accurately safeguard commercially important aquatic species, future ecological risk assessments must
incorporate the complex, multi-contaminant realities of natural environments and further investigate the
underlying molecular mechanisms of these interactions.
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