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ABSTRACT

Widespread prescription of fluoxetine has led to enter into the aquatic environments which act
as an endocrine disruptor for fish. This study examined the effect of fluoxetine on the reproductive
consequence of convict cichlid (Amatitlania nigrofasciata), during three successive cycles of
spawning. Following pair-bond formation, pairs were divided into four treatments and exposed to
concentrations of 0, 0.54, 5.40 or 54.0 ug L' fluoxetine in pre-acclimated spawning tanks.
Reproduction was assessed by examination of Egg Number (EN), Incubation Period (IP), Hatching
Ratio (HR) and Inter-Spawning Interval (ISI). At the last spawning cycle, behavior and
physiochemical properties of fish were determined. Hepatosomatic index (HSI) of males/females
was insignificant at the end of the experiment; however, condition factor of males showed a
significant difference between 0 and 54.0 pg L' fluoxetine treatments. At 5.40 and 54.0 pg L' of
fluoxetine, testosterone were significantly decreased in males. Both main effects of the fluoxetine
concentrations and the spawning cycles were significant in the EN, HR and ISI. IP was
significantly affected only by fluoxetine. The behaviors, spawning duration and fanning latency
were affected in 54.0 pg L' fluoxetine but time spent near the substrate and lipping display were
not affected. Results indicated that fluoxetine disrupts reproduction features of convict cichlid.
However, significant impacts were mainly observed at higher concentrations than those reported
in natural environments (0.54 pg L"), so that the impact of fluoxetine on reproductive fitness of
cichlid populations might be relatively low.
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INTRODUCTION

The impact of man-made chemical compounds, specifically pharmaceuticals, on aquatic
environments has been the focus of several studies. There are interest on this topic for several
reasons: (1) Many of these drugs acts as Endocrine Disrupting Chemicals (EDCs) which interfere
with the endogenous endocrine function of exposed organisms (Clotfelter et al., 2004), (2) Behaviors
such as reproduction, aggression, predator avoidance, feeding, swimming and schooling behaviors
can be altered by the exposure to these compounds (Lynn et al., 2007; Gaworecki and Klaine, 2008;
Barry, 2013; Forsatkar et al., 2014b) and (3) Reproduction in aquatic animals can be directly
impaired by exposure to EDCs (Weinberger and Klaper, 2013), therefore may be important in
regulating population dynamics.

Fluoxetine is a highly prescribed Selective Serotonin Ruptake Inhibitor (SSRI) that is used for
treating depression disorders (Schreiber and Pick, 2006). Between 2010 and 2011, fluoxetine was
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prescribed 4.2 million times in the UK, an increase of 100,000 on the previous year (Naish, 2013).
Detection of fluoxetine in the aquatic environment has been reported at levels between
12-540 ng L~' (Metcalfe et al., 2010). Moreover, fluoxetine can also exert adverse effects on
reproduction in both vertebrates and invertebrates. Disruption in the ejaculatory responses in
human taking fluoxetine capsules. Fluoxetine decreased sexual motivation in male rats
(Bataineh and Daradka, 2007). In fish, fluoxetine inhibited sperm release of male goldfish,
Carassius auratus (Mennigen et al., 2010). Fluoxetine significantly induced foot detachment from
the substrate in five species of marine snails (Fong and Molnar, 2013). Although, few studies
showed the main effect of fluoxetine on aquatic organisms, their exposure period was short
(Lister et al., 2009; Mennigen et al., 2010; Weinberger and Klaper, 2013; Forsatkar et al.,
2014a, b). In the present study, three successive cycles of spawning was investigated by which we
can assess the impact of long-term fluoxetine exposure on model fish reproduction.

Convict cichlid (Amatitlania nigrofasciata), is a freshwater monogamous biparental cichlid from
Central America. In the aquarium, pair fish lay their eggs in a small cave or similar hiding place
before meticulously cleaning their chosen site (Townshend and Wootton, 1985). Once laid, one or
both parents will take care for the eggs, regularly fanning them to keep well oxygenated water
passing over them and chasing away any fish that approaches (Wisenden et al., 1995). Convict
cichlid are one of the most popular cichlids kept in captivity and easily spawn in the laboratory,
making this species an important model to study fish reproduction (Bockelman and Itzkowitz,
2008). However, to our knowledge, there are only few studies evaluating the effect of EDCs on the
reproduction of this species. Piron (1978) introduced the convict cichlid as a good candidate for
laboratory toxicity testing; particularly in studies focused on assessing the effects on breeding
performance. Ozoh and Jacobson (1979) reported that copper exposure decreased hatching success
and increased the number of abnormal larvae. The convict cichlid was chosen by Newsome (1980)
as a suitable species to assess toxicity of trisodium carboxymethyloxysuccinate because of its small
size, lack of exacting water quality requirements and easy breeding in the laboratory. Recently,
Da Cuna et al. (2013) reported that Cichlasoma dimerus, a very close species to convict cichlid,
exposed to endosulfan evidenced a disruptive effect of this organochlorine pesticide on reproductive
axis. On the other hand, convict cichlid males and females need to invest into the reproduction
process since this species elaborate reproductive behaviors, such as territory defense and brood
care (Mackereth and Keenleyside, 1993). Therefore, any potential external factor that may affect
physiological parameters can interfere with the reproductive process by changing systemic hormone
levels and responsiveness.

Following the identified need by Brooks (2014) to produce further results of fluoxetine
effects on different aquatic animals, the aim of this study was to investigate the effect of fluoxetine
at environmentally relevant dose (0.54 pg L™') to one hundred times higher concentrations
(54.0 ug L") on testosterone levels, spawning behaviors and reproduction outputs of convict cichlid
at three successive spawning.

MATERIALS AND METHODS

Fish: Thirty five matures convict cichlid approximately 6-7 months old were purchased from a
commercial supplier, Isfahan, Iran. The fish were kept in mixed-sex in two 200 L glass holding
tanks for twenty days before the experiment. Fish were fed twice daily with frozen bloodworm
(Mahiran, Iran) and commercial pellet (BioMar, France), ad libitum. Temperature was 28+1°C and
lightening as 12 1/12 D with 50% changing water every 3 days during the pre-adaption period.
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Pair bonding and fluoxetine exposure: Convict cichlids (n = 24) were allowed to form pairs
which were then transferred to spawning tanks (45 L; 30x30x50 cm). From the fish stock, twelve
pairs were formed in 12 different spawning tanks. The standard length of males and females were
6.27+0.43 cm and 5.08+1.13 cm (Mean+SD), respectively. The tanks contained a clay pot as
spawning substrate and had an airstone for aeration. Water temperature was maintained at
28+1°C, pH and dissolved oxygen were 7.6 and 8+0.5 mg L=, respectively. We allowed pairs to
spawn once before initiating the experiment. After 1 day from this spawning, fish pairs were
divided into 4 groups and each group was exposed to 0, 0.54, 5.40 or 54.0 pg L' fluoxetine
(Pharmaceutical Company of Dr. Abidi; Tehran, Iran). Three replicates were considered for each
exposure concentration. Doses were chosen according to environmental concentrations (0.54 ug L")
and higher doses (5.40 and 54.0 pg L") were the ones used in other studies (Mennigen et al., 2010).
Whole spawning tank’s water was renewed every 3 days and treated again with the adequate
amount of fluoxetine. It warranted us to keep constant fluoxetine concentration in the tanks
throughout the exposure experiment. A stock solution of 1 mg fluoxetine/mL distilled water was
created at the dates of water renewal. Three successive spawning for each pair in treatments were
used to evaluate reproductive performance differences between the treatments. The average
completion time of spawns for each treatment are listed in the results section.

After each spawning, the substrate with eggs was removed from the tank, photographed and
transported into a 101 tank containing fluoxetine with the same initial concentration. The
container received constant low aeration and was treated with methylene blue (1 ppm) to inhibit
Saprolegnia infection. The number of eggs was calculated based on manual computation of eggs in
the picture using Paint software. After hatching, embryos were siphoned out in the white plate;
photographed and then hatching rate was calculated as before.

Reproductive traits, including total number of produced eggs (EN), Incubation Period (IP),
Hatching Rate (HR) and interval (days) between each spawning event (ISI) were used to evaluate
the reproductive performance differences between treatments.

Behavioral assessment: At the third spawning activity, we measured spawning duration of pairs
once the first performance of male in the spawning substrate until leaving the nest (clay pot) to
protect his territory. One hour post-spawning, pair behaviors were recorded during 15 min using
the Nikon video-recorder. The time that females spent near to the spawning substrate, lipping and
duration of fanning of eggs were scored according to Townshend and Wootton (1985).

Hormone assay, condition factor and hepatosomatic index: One day after the last
spawning, fish were anesthetized with clove powder, after measurement of body weight and
total length, the blood of different sex of each pair in the treatments was drawn from the
caudal peduncle with heparin-coated syringe (less than 4 min). The blood samples were centrifuged
at 3000xg for 15 min at 4°C and the plasma collected and stored at -80°C until assay. Plasma
concentration of Testosterone (T) was measured using enzyme-linked immunosorbent assay
kits (Uscnlife, Wuhan, China), following the manufacturer’s instructions. Condition Factor (CF)
was calculated as:

_ Body weight (g) 100
Total lenght® (cm)
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The specimens were finally sacrificed by decapitation and then livers were removed and
weighed to calculate:

_ Liver weight (g) 100

HSI = g
Body weight (g)

Statistics: A repeated measures analysis of variance (ANOVA) and the Greenhouse-Geisser test
(GG) were used in this study. The four fluoxetine concentrations were the between-subject factors.
The second factor was the spawning activities which were repeatedly recorded 3 times and was
applied within-subjects. Reproductive behavior and hormone levels were analyzed using one-way
ANOVA followed by Duncan’s multiple comparison test. Data is presented as mean valuetstandard
error. The software used for the statistical analyses was the SPSS v. 19.0 and all statistical tests
were considered significant at p<0.05.

RESULTS

Table 1 shows the morphological and endocrinological traits of fish at the end of the
experimental period. No significant differences between the exposed treatments were found
in the final weight (males: F = 2.214, p = 0.164 and females: F = 1.56, p = 0.273), total length
(males: F=2.534, p=0.13 and females: F=2.712, p =0.115) and HSI (males: F=0.907, p =0.479
and females: F = 1.579, p =0.269). CF was significantly different between males of 0 and
54.0 pg L' treatments (F = 2.686, p = 0.117) with a significant increase in the 54.0 ug L ™" group.

There was no difference between testosterone levels of females (F=2.082, p=0.181). However,
testosterone concentration between males was found to be different significantly (F = 18.266,
p =0.001) with lower values in the 5.40 and 54.0 ug L' treatments with respect to 0 and
0.54 pg L™" groups.

Significant effects of both fluoxetine concentration (F =93.66, p<0.0001) and spawning activities
(GG epsilon =0.939; F =22.31, p<0.0001) were reported on the EN (Fig. 1). The interaction was also
significant (F = 7.638, p<0.001). The mean ENs produced in the third spawning activities were
246+6, 231+6, 197+10 and 140+18 for 0, 0.54, 5.40 and 54.0 pg L' fluoxetine treatments,
respectively (Fig. 1). The total number of eggs produced in the third spawning activity in the
0, 0.54, 5.40 and 54.0 pg L' fluoxetine treatments were 2217, 2080, 1769 and 1262, respectively.
The effects of fluoxetine concentrations on the IP were statistically significant (F = 11.48,
p<0.0001). However, the spawning activities (GG epsilon = 0.928; F = 1.346, p>0.05) and the
interaction were similar in all treatments (F = 2.069, p>0.05). Time needed to hatch embryos were
48.1+0.9, 48.2+0.8, 50.1+0.9 and 59.3+1.7 h for 0, 0.54, 5.4 and 54.0 ug L' fluoxetine treatments,
respectively (Fig. 1). The results also showed significant effects of fluoxetine treatments.

Table 1: Effects of fluoxetine on somatic indices of A. nigrofasciata

Body weight (g) Total length (cm) HST (%) CF (%) Testosterone (ng mL™")
FIUOXEEINE wmommmmmom s e s o eeonoiiion eeooeooeoeoeoeooeoos
(ug L™ g ? J ? J ? J ? J ?
0.00 6.71+0.44 4.95+0.26 7.62+0.52 6.06+0.42 1.94+0.02 1.89+0.03 1.56+0.23* 2.30+0.37 9.43+1.1° 4.02+0.18
0.54 6.60+0.32 4.95+0.39 7.61+0.37 5.97+0.29 1.89+0.06 1.92+0.03 1.51+0.17*" 2.34+0.16 9.42+0.48" 3.96+0.24
5.40 6.02+0.41 4.39+0.27 7.10£0.24 5.15+0.44 2.00£0.09 1.96+0.04 1.68+0.06™ 3.41+0.71 5.33x0.5"° 3.68+0.21
54.0 5.55+0.22 4.27+0.19 6.39£0.22 4.90+0.18 2.02+0.04 2.01+0.04 2.13+0.15" 3.64+0.23 3.26+0.69° 3.29+0.27

Data is expressed as MeantSE (n = 3 pairs per condition). Different letters indicate statistically different values, p<0.05, HSI:
Hepatosomatic index, CF: Condition factor
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Fig. 1(a-d): Reproductive parameters (a) Egg number, (b) Time to hatch (h), (c) Hatching rate (%)
and (d) Interval (day) of A. nigrofasciata exposed to different concentrations of
fluoxetine (n = 3). Data are of expressed as the Mean+SE (n = 3 samples). Different
letters indicate statistically different values, p<0.05

(F=13.5, p<0.0001) and the spawning activities (GG epsilon =0.836; F = 4.962, p<0.05) on the HR.
The interaction was also significant (F = 3.095, p<0.05). The mean HR in the 0 pg L' fluoxetine
treatment for the third spawning activities (82.66+2.21%) was higher than that in the 0.54 pg L "
(80.7+2.2%), 5.4 pg L™ (69.3+5.7%) and 54.0 pg L' (60.9+6.5%; Fig. 2).

The effects of both the fluoxetine doses (F =59.17, p<0.0001) and the spawning activities
(GG epsilon = 0.997; F = 107.05, p<0.0001) were significant on the ISI. The mean ISI in the
54.0 pg L' fluoxetine (42.2+3.4 days) was longer than that in the 5.4 pg L' (32.0+2.4 days),
0.54 pg L™ (23.6+2.0 days) and 0 pg L' (18.9+1.2 days) fluoxetine treatments (Fig. 1). The three
spawning cycles took the pairs exposed to 54.0, 5.4 and 0.54 ug L' fluoxetine were 127+3, 9.00+3.05
and 70.7+4.1 days, respectively. The 0 pg L™ fluoxetine treatment took only 56.7+5.5 days to
achieve 3 spawning activities.
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Fig. 2(a-d): Mean+SE duration of measured behaviors, (a) Spawning duration, (b) Time spent near
the substrate, (c) Lipping and (d) Fanning of A. nigrofasciata exposed to the different
fluoxetine concentration at the third spawning. Different letters indicate statistically
different values, p<0.05

During the third spawning activity, reproductive behaviors were assessed in pairs in all
treatments. Spawning duration was significantly different between 0 and 54.0 ug L ™" treatments
(F=4.17, p = 0.47; Fig. 2a). However, the time spent near the spawning substrate by females
(F=0.26, p=0.84; Fig. 2b) and duration of lipping (F = 0.2, p = 0.89; Fig. 2¢) were similar between
treatments. Females under 0 pg L~' of fluoxetine (control) presented higher fanning activity
(513+£63 sec) in comparison to other treatments (464+35, 395+57 and 323+40 for 0.54, 5.40 and
54.0 ug L' fluoxetine treatments, respectively; Fig. 2d).

DISCUSSION
The present study investigated the effects of fluoxetine exposure on the production status of
convict cichlid. Egg numbers laid by females significantly decreased at higher doses of fluoxetine
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across all spawning cycles. The negative role of fluoxetine on egg production has been shown in
other fish species such as zebrafish, Danio rerio (Lister et al., 2009). The endocrine mechanism of
fluoxetine disruption on females was also investigated elsewhere (Mennigen et al., 2008). The two
higher doses (5.40 and 54.0 ug L ™" fluoxetine) showed the greater impact on egg production. These
results are in agreement with Lister et al. (2009) that reported a reduction in egg production and
cumulative egg production in zebrafish during 7 days exposure to 32 ug L~! fluoxetine. However,
fluoxetine did not have a significant effect on reproductive outputs of Japanese medaka,
Oryzias latipes (Foran et al., 2004). It must be noted that the highest concentration of fluoxetine
in their study was 5 pg L' and in the present study, we used about 11 fold higher fluoxetine
concentration.

During the three spawning cycles, fluoxetine at higher concentrations had significant negative
effects on the time required for hatching and hatching rate at all spawning activities. Hatching
time depends on water quality and broodstock condition (Brooks et al., 1997). In our study, after
eggs were laid, they were immediately transferred to another container with standard water
quality. Therefore, the increase in the time needed to hatch embryos can be attributed to the direct
effect of fluoxetine on eggs. Lower hatching rate after 54.0 pg L' fluoxetine exposure on the third
spawning is partially caused by the accumulation of fluoxetine in parent fish. Although we did not
measure this accumulation, fluoxetine accumulation has been reported from fish exposed in the
environment (Brooks et al., 2005). Other authors also found the fluoxetine accumulation in the body
only after a few days of exposure (Clotfelter et al., 2007).

Fernandes et al. (2011) reported that SSRIs (fluvoxamine and fluoxetine) are the strongest
inhibitors of the key enzymes involved in the androgen synthesis. Based on our results, exposing
of convict cichlid to waterborne fluoxetine results in a 76.5% decrease in circulating levels of
testosterone (from 9.73-3.26 ng mL™") of males at a fluoxetine concentration of 54.0 pg L™'. A
similar concentration of fluoxetine significantly reduced circulating testosterone levels and milt
release of mature male goldfish after 14 days of exposure (Mennigen et al., 2010). Sex steroids play
a crucial role in sexual maturation (Chang et al., 2013). Further, it is reported that the levels of sex
steroids could affect the quality of gametes during gametogenesis (Kime et al., 1999). Consequently,
the decreased levels of testosterone may be one of the main reasons for the reduced hatching rate
observed in the present study.

However, Condition Factor (CF) of males exposed to 54/0 pg L~! fluoxetine was significantly
reduced in comparison to the control treatment. The CF is a common indicator of physiological
fitness in fish health (Anderson et al., 2003) and shows the amount of food intake and protein
budgets (Smolders et al., 2003). Beside, HSI is considered a good indicator of exposure to
environmental contaminants (Du et al., 2009). Although no significant effect of fluoxetine on HSI
has been found in males or females, a significant decrease in males CF at high fluoxetine exposure
was evidenced showing the improper performance of specimens in food metabolism. Fluoxetine
indirectly affects food intake in fish (Mennigen et al., 2009). Fluoxetine exposure at
concentrations of 10 and 100 pug L' increased the time required for the fathead minnows
(Weinberger and Klaper, 2013) to eat daphnids. The role of quantity and quality of food in
reproduction of several species has been proved (Izquierdo et al., 2001). Accordingly, it is likely that
the effect of fluoxetine on body condition reduced the reproductive outcomes of convict cichlid pairs.
The amount of food intake was not our goal in the present study; therefore further experiment is
needed to assess this factor.

Some reproduction behaviors of convict cichlid were affected after fluoxetine exposure. These
results are surprising because the total number of produced eggs by exposed pairs was lower than
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by control specimens. The increase in the time needed for spawning along with reduction in the
number of laid eggs indicates a general disruption of fluoxetine on fish. Parental care response is
extremely related to androgen levels (Smith, 1969). Lower testosterone levels of males in higher
dosages of fluoxetine may reflect the lower propensity of these males to exhibit paternal care.
Subsequently, reduced protective behaviors in female can be due to (1) The interaction with the
male sexual reluctance or (2) The direct effect of fluoxetine. The sexual reluctance of fish species
in the presence of fluoxetine to exhibit spawning behaviors was also shown in previous studies
(Dzieweczynski and Hebert, 2012; Forsatkar et al., 2014a, b). Fluoxetine concentrations as low as
1 pg L™ were found to significantly impact mating behavior, specifically nest building and
defending in male fathead minnow (Weinberger and Klaper, 2013). The reduced ability of females
exposed to 54.0 pg L' fluoxetine to protect her brood may have been related to side effects of
fluoxetine such as decreased total locomotion (Kohlert et al., 2012), plasma androgen levels
(Mennigen et al., 2010) and/or male sexual motivation which is strongly related to circulating
androgen concentrations (Safarinejad, 2008).

Interval length between spawning cycles was also affected by fluoxetine concentration. The
greater amount of time needed for spawning in fluoxetine treated fish suggests fewer opportunities
for each pair to spawn in the presence of fluoxetine. As mentioned earlier, parental body condition
is extremely affected by environmental pollution (Scott and Sloman, 2004). As a consequence,
spawning periodicity was also impacted by fluoxetine in our study.

Our results demonstrate that exposure to fluoxetine reduced the reproductive outputs of convict
cichlid. Egg production and hatching rate decreased after administration of fluoxetine evidencing
the inhibitory action of this highly prescribe SSRI on the reproduction of this species. In addition,
the higher fluoxetine dose was more susceptible to induce disruption in reproduction outputs of
convict cichlid. Future experiments should be address the relationship between fluoxetine and
alterations in behavior of parents at different stages of reproduction, i.e., after spawning and
hatching of embryos.
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