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H I G H L I G H T S

• The amount of antidepressants
consumpted as well as their abuse
is growing.

• Exposure to antidepressants alter swim-
ming and cryptic behavior invertebrates.

• Antidepressants alter behavior, develop-
ment and reproduction in vertebrates.
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As antidepressant residues in water continue to increase, concerns about their effects on aquatic biota grow. The
aim of this study is to summarize current knowledge about the effects of wateborne antidepressants on non-
target animals living in surface waters - invertebrates, fish and amphibians. SSRI antidepressants such as fluoxe-
tine, sertraline, and citalopramhave been found to effect behavior, reproduction, and development in both inver-
tebrates and vertebrates. Venlafaxine, belonging to the group of SNRI antidepressants, not only affected behavior
but also showed the potential to reduce survival in fish. Tricylic antidepressants are known to have various side-
effectswhen consumed by humans.Moreover, infish, exposure resulted in a significant increase inmortality, de-
velopmental retardation,morphological anomalies, and pathological changes in brain, heart, and cranial and cau-
dal kidney. In addition, changes in antioxidant enzyme activity as well as increased lipid peroxidation were
observed, even at the lowest tested concentrations. According to current knowledge, antidepressants occurring
in surface water are able to effect the behavior, reproduction, development, and survival of aquatic invertebrates
and vertebrates.
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1. Introduction

1.1. Background

According to the OECD (2009), pharmaceutical consumption con-
tinues to increase partly driven by a growing demand for drugs to
treat ageing-related and chronic diseases and by changes in clinical
practice. There is no data available about the total worldwide use of
pharmaceuticals and their consumption varies among countries
(Kümmerer, 2009). In the case of antidepressants, their consumption
has increased considerably in most OECD countries since 2000. This
might reflect some narrowing of the treatment gap for depression.
However, there is significant variation in the consumption of antide-
pressants between countries. Iceland reported the highest level of con-
sumption of antidepressants in 2013, twice the OECD average, followed
byAustralia, Portugal and Canada. Chile, Korea and Estonia reported low
consumption levels. The level of antidepressant consumption depends
on the prevalence of depression in each country, and on howdepression
is diagnosed and treated (OECD, 2009). After application, antidepres-
sants, like other pharmaceuticals, are excreted in their native form or
as metabolites and enter the aquatic environment via different path-
ways. Approximately half of the 2300 active pharmaceutical ingredients
approved for human medicine in Germany are considered to be poten-
tially relevant for the environment because they are persistent,
bioaccumulative, and toxic (Ebert et al., 2014). The main pathway
from humans is ingestion, followed by excretion and disposal in waste-
water. Xenobiotics are not removed completely at wastewater treat-
ment plants and are discharged in effluents resulting in contamination
of the aquatic environment (Fent et al., 2006; Bartoskova et al., 2013;
Faggio et al., 2016; Burgos-Aceves et al., 2018a, 2018b; Gharaei et al.,
2018; Fiorino et al., 2018). Since pharmaceuticals are designed to have
a specific mode of action even at low concentrations, their presence in
water bodies and their effects on non-target animals have been under
great discussion, as aquatic organisms are particularly vulnerable,
being exposed via wastewater residues over their whole lives (Fent
et al., 2006). The aim of this study is to summarize current knowledge
about the effects of wateborne antidepressants on non-target animals
living in surface waters - invertebrates, fish and amphibians.

1.2. Types of antidepressants, modes of action and side effects

The goal of antidepressant therapy is to influence neurotransmitter
activity in the presynaptic nerve terminal and synaptic cleft and regu-
late the re-uptake of neurotransmitters (Vazzana et al., 2015; Tarleton
et al., 2016).

Tricyclic antidepressants (TCAs) have been an effective treatment
for a wide range of conditions, including depression, anxiety disorders,
eating disorders, and pain syndromes. Amitriptyline, nortriptyline, and
clomipramine are examples of TCAs. Their mechanism of activity is

through the inhibition of serotonin andnoradrenaline uptake in presyn-
aptic nerve endings (Maubach et al., 1999).

In addition, however, TCAs can also bind to many other receptors,
such as muscarinic, histaminergic, and alpha 1 and 2 adrenergic recep-
tors, leading to a wide range of adverse effects (Stahl, 2013), such as se-
dation (Zajecka and Tummala, 2002), cardiotoxicity (Barnes et al., 1968;
Callaham et al., 1988), or neurotoxicity (Mannerström and Tähti, 2004;
Mannerström et al., 2006).

Selective serotonin reuptake inhibitor (SSRI) antidepressants, such
as fluoxetine, sertraline or citalopram, block presynaptic serotonin re-
uptake transporters (Brooks, 2014; Munari et al., 2014). Fluoxetine is
used primarily to treat depression but also aids in the treatment of ob-
sessive compulsive disorder, bulimia nervosa, and panic disorder (Burt
et al., 2007). Since its approval by the US Food and Drug Administration
in 1987, fluoxetine has become one of the most widely prescribed anti-
depressants, being in the top five psychiatric drugs prescribed in 2011
after citalopram and sertraline (Grohol, 2012). Several behavioral
side-effects of SSRIs beyond suicidality, including anxiety, agitation,
panic attacks, insomnia, irritability, aggressiveness, impulsivity, psycho-
motor restlessness, hypomania, and mania were described after treat-
ment (Murphy et al., 2008; Sinclair et al., 2009).

Venlafaxine belonging to the group of selective serotonin-
noradrenalin reuptake inhibitors (SNRI), is a pharmaceutical widely
prescribed to manage depression and anxiety (Vaswani et al., 2003).
Venlafaxine acts at the synaptic junction to prevent the re-uptake of se-
rotonin, and to a lesser extent noradrenalin, and also has a weak effect
on dopamine reuptake (Asnis et al., 2004; Caccia, 1998; Preskorn
et al., 1994). Among common side effects are anticholinergic effects, hy-
pertension, asthenia, dizziness, headache, somnolence, insomnia, sexual
dysfunction, and dry mouth (Tarleton et al., 2016).

1.3. Occurence in the aquatic environment and organisms

Fluoxetine and sertraline have been detected in surfacewater and in
wastewater effluent, at levels up to 0.54 μg/L and 0.929 μg/L, respec-
tively, for fluoxetine and up to 0.08 μg/L and 0.087 μg/L, respectively,
for sertraline (Brooks et al., 2003; Metcalfe et al., 2010; Styrishave
et al., 2011). Fluoxetine and its metabolite norfluoxetine has been
found in the tissues of fish at a concentration of 10 μg/kg, suggesting
that these compounds have the capacity to bioaccumulate (Orem and
Dolph, 2002).

Also, concentrations of venlafaxine vary among regions. Lajeunesse
et al. (2008) measured venlafaxine concentrations of 0.176–0.214 μg/L
in effluent, and 0.013–0.045 μg/L in receiving streams at Canadian treat-
ment plants. Schultz and Furlong (2008) measured venlafaxine at con-
centrations of 2.19 μg/L and 1.31 μg/L in Minnesota and Texas,
respectively. Venlafaxine has been reported to be themost common an-
tidepressant found in North American and European wastewater treat-
ment plants and receiving streams (Metcalfe et al., 2010; Schultz et al.,
2010). Fish can accumulate venlafaxine, but concentrations in tissues
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