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Abstract 
 
Nasim Reyhanian Caspillo (2016): Hitting the Mark - Studies of alterations 
in behaviour and fertility in ethinyl estradiol-exposed zebrafish and search 
for related biomarkers. Örebro Studies in Biology 10 
 
In this thesis, we have analysed the effects of EE2 on non-reproductive be-
haviours and fertility. We have showed that two doses of EE2 in male adult 
short-term exposures evokes opposite behaviours in the novel tank test. A 
lower dose induced increased bottom-dwelling, a sign of increased anxiety 
and a higher dose increased surface-dwelling, which would likely expose 
themselves to predation in a natural environment. Increased shoaling was 
observed in both exposures, possibly affecting feeding and reproduction op-
portunities. Fertility analysis of these fish demonstrated a complete inhibi-
tion of spawning in the highest dose group. To investigate mechanisms be-
hind the spawning failure, we examined expression levels of genes involved 
in zebrafish sex differentiation and maintenance of gonadal function. We 
found downregulated transcription levels of male-predominant genes, sug-
gesting a demasculinization of the testes contributing to functional sterility 
in these fish. We have demonstrated that non-reproductive behaviour in 
zebrafish is highly sensitive to EE2 exposure during development. After ex-
posing male and female zebrafish to low doses of EE2 followed by remedia-
tion in clean water until adulthood, the fish displayed increased anxiety and 
shoaling behaviour, demonstrating persistent effects of EE2. Furthermore,  
behavioural effects were transferred to their progeny. Decreased fertilisation 
success of the developmentally exposed fish was observed in both sexes 
when mated to untreated animals of the opposite sex. These fertility effects 
persisted although the fish had a long remediation period, implying likely 
reduced fitness of fish populations in aquatic environments. Based on our 
findings on non-reproductive behaviours and fertility, we performed RNA-
sequencing analysis of the brain and testes in order to investigate possible 
biological mechanisms behind the persistent effects. There is a need for bi-
omarkers allowing detection of both reversible and irreversible effects in 
animals exposed to estrogenic substances, hopefully contributing to better 
risk assessments for EDCs. Results from RNA-sequencing would serve as a 
basis for continued studies in pursuit of potential biomarkers. 
 
Keywords: Endocrine disrupting compounds, 17α-ethinylestradiol, fertility, 
anxiety, behaviour, zebrafish, biomarkers, stress 
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Introduction 

Endocrine disrupting compounds 
Endocrine disrupting compounds (EDCs) are substances that can interfere 
with the hormone system of organisms throughout the animal taxa ranging 
from invertebrates to humans. The consequences of endocrine disruption 
are vast, affecting numerous biological pathways in the exposed organisms 
as well as their progeny. These biological pathways or systems include, de-
velopment, sexual differentiation, growth, metabolism, reproduction and 
behaviour. EDCs have been shown to delay gametogenesis, alter sex ratio, 
decrease reproductive performance, alter behavioural patterns, and affect 
thyroid function, just to mention a few examples (Waring and Harris 2005, 
Lin and Janz 2006, Zha, Sun et al. 2008, Salierno and Kane 2009, Sun, Zha 
et al. 2009). 
 

EDCs may be naturally occurring, such as antioxidant flavonoids found 
in vegetables and fruits, or natural hormones excreted from livestock and 
humans (Ying, Kookana et al. 2002). Synthetic EDCs are used in a diverse 
array of products as they are found in hygiene articles, organic pesticides 
and industrial containers such as baby bottles or plastic bags. They are also 
present as solvents in cleaning products, paints and glues, exposing at direct 
contact or ultimately making their way to soil and bodies of water, poten-
tially exposing humans as well as terrestrial and aquatic wildlife. A major 
source of EDCs is the large amounts of pharmaceuticals found in industrial 
effluents resulting in a cocktail of various chemicals in the water discharge 
of Sewage Treatment Plants (STPs). Although much of the chemicals enter-
ing STPs are effectively filtered out, a fraction persists and is ultimately dis-
charged in the effluents (C., J. et al. 1998, Desbrow, Routledge et al. 1998, 
Ying, Kookana et al. 2002, Sun, Huang et al. 2013).The accumulating evi-
dence of chemicals ability to interfere with the normal function of humans 
and wildlife has initiated efforts in to minimizing the release of chemicals in 
to the waters by improving wastewater treatment technologies. Sweden, as 
an early initiator of sustainable thinking has ongoing collaborations re-
searching in effective methods of removing chemicals in treatment plants 
(MistraPharma 2011, MistraPharma 2012). 
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EDC mode of action 
The biological action of endogenous hormones are mediated via high affin-
ity protein receptors within the target cells. Steroids such as estrogens are 
normally transported in the bloodstream and do not exert any hormonal 
effects as they cannot enter target cells. Enzymes located on the surfaces of 
target cells facilitate the entrance of steroids. Once entered, they interact 
with receptor proteins; in the case of estrogens, these are estrogen receptor-
alpha (ERα) and estrogen receptor-beta (ERβ), with an additional third re-
ceptor, estrogen receptor-gamma (ERy), present in fish (Hawkins, Thornton 
et al. 2000, Sabo-Attwood, Kroll et al. 2004). Subsequently, the steroid-
receptor complex binds to specific response elements in DNA, activating a 
cascade of events.  

Generally, EDC action via nuclear receptors is a relatively slow process, 
which can take hours or even days to stimulate a response. Membrane re-
ceptors, on the other hand, are coupled to fast acting pathways that result 
in immediate effects. It is known that estrogen can act via various receptors, 
however, how many is unclear.  

EDCs exert their effects by mimicking steroid agonists and binding to 
appropriate receptors (Waring and Harris 2005). Compounds such as 17α-
ethinylestradiol (EE2), bisphenol-A (BPA) and diethylstilbestrol, all bind to 
estrogen receptors and thus act as pseudoestrogens exerting feminizing ef-
fects (Colborn, Saal et al. 1993, Örn, Holbech et al. 2003). Feminizing ef-
fects can also be caused by competitively binding to the androgen receptor 
and blocking testosterone activity (Sohoni and Sumpter 1998). 
 

Progressively, numerous studies have discovered EDC action via non-ge-
nomic mechanisms. They can influence steroid biosynthesis by increasing 
the expression of key enzymes, such as aromatase, which converts andro-
gens into estrogens (Cheshenko, Pakdel et al. 2008), or alter the expression 
of steroidogenic enzymes, affecting the availability of steroids in target cells 
(Harris, Turan et al. 2007). More recently, it has been shown that EDCs 
can act via epigenetic mechanisms, rendering transgenerational effects 
(Baker, Peterson et al. 2014, Volkova, Caspillo et al. 2015). 
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17α-Ethinylestradiol as a model EDC 
The synthetic EE2 is structurally similar to its natural counterpart 17β-estra-
diol (E2), with the addition of an ethinyl group. EE2 is several times more 
potent than E2, the potency varying depending on endpoint and organ-
ism/system used in assays (Segner, Navas et al. 2003, Thorpe, Cummings et 
al. 2003, de Mes, Zeeman et al. 2005). 

EE2 is the main ingredient of oral contraceptive pills and is excreted via 
the urine and subsequently enters STPs. Besides contraception, it is also used 
for postmenopausal therapy, replacement therapy in hormone deficiency 
states, livestock productivity enhancement and development of single-sex 
populations in aquaculture (Combalbert and Hernandez-Raquet 2010, 
Aris, Shamsuddin et al. 2014). 

Depending on wastewater treatment methods, removal rates for EE2 gen-
erally exceed 60%, with measured concentrations lower than 10 ng/L in 
treated effluents (Combalbert and Hernandez-Raquet 2010). Although EE2 
is usually detected in the lower ng/L range, a survey of more than 100 
streams in the U.S. reported a median EE2 concentration of 73 ng/L (Kolpin, 
Furlong et al. 2002). Concentrations of >3ng/L have repeatedly been shown 
to affect the aquatic wildlife. Moreover, due to EE2’s physiochemical prop-
erties, it has the ability to bind to sediment and biota and thus bioaccumu-
late and biomagnify in aquatic organisms (Matozzo, Gagné et al. 2008, 
Aris, Shamsuddin et al. 2014, Zenker, Cicero et al. 2014). 

Zebrafish as a model organism 
Zebrafish (Danio rerio) is a popular model organism for studying effects of 
EE2 exposure. It is an important vertebrate model organism used in devel-
opmental biology, genetics and biomedicine. It is a small fish, enabling 
larger quantities to be kept for a low cost in the laboratory. It breeds all 
year round, where females can spawn weekly to produce hundreds of eggs. 
The eggs are externally fertilised and most organs are developed after 36 
hours, which has made zebrafish popular in developmental biology 
(Kimmel, Ballard et al. 1995), and advantageous when performing screen 
assays on embryos. The generation time is about 3-4 months, enabling rapid 
results and high turnover. As the whole genome is sequenced, the zebrafish 
can easily be manipulated providing a basis for identifying novel endpoints 
related to gene expression. 
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Zebrafish sex determination 
Sex determination is the process that specifies the sex of a developing em-
bryo and activates pathways that lead gonad differentiation to either testes 
or ovaries. In vertebrates, sex is determined by genetic or environmental 
mechanisms, or both. Genetic sex determination can in turn be divided into 
chromosomal sex determination (a pair of sex chromosomes) or polygenic 
sex determination (combination of several autosomal genes). In mammals, 
sex is determined by chromosomal sex determination. Teleosts, on the other 
hand, display all three mechanisms amongst them. Their sex is very plastic, 
and they have the capacity to change sex during adulthood. Furthermore, 
several teleosts exhibit various forms of hermaphroditism.  

As for zebrafish, sex determination still remains elusive. No sex chromo-
somes or master sex genes have been found, which if genetically determined, 
suggests a polygenic mechanism (Siegfried 2010). There are, however, con-
flicting reports as to whether sex determination points towards a genetic 
mechanism or environmental mechanisms (Uchida, Yamashita et al. 2004, 
Yu and Wu 2006, Lawrence, Ebersole et al. 2008, Liew, Bartfai et al. 2012, 
Liew and Orbán 2014). A recent study by Wilson et al. (Wilson, High et al. 
2014) suggests that zebrafish in nature possess a sex-linked region with a 
WZ/ZZ sex determination system, which has been lost in domesticated 
strains during the decades they have been cultured in the laboratory.    

Although no sex-determining gene has been found, there are several genes 
involved in zebrafish gonad differentiation that are most likely involved in 
sex determination. Amongst these genes are Sox9a, Amh, Cyp19a and 
NR5a1b, whose orthologues are involved in sex determination in other ver-
tebrates (Olsson 2005, Leet, Gall et al. 2011). 

Prostaglandins are lipid compounds with diverse hormone-like effects in 
animals. They have been shown to have an active role in zebrafish sex dif-
ferentiation and have been suggested to have a role in sex determination 
processes (Lister and Van Der Kraak 2008, Jørgensen, Nielsen et al. 2010, 
Pradhan 2015).  
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Sex differentiation 
In mammals, sex differentiation and gender-specific behaviour is established 
early in life. According to the classical view of the organizational/activa-
tional hypothesis, gonadal hormones first establish irreversible sex differ-
ences in the organization of neural circuits under critical periods during de-
velopment, and later in life act upon these pathways to attune physiology 
and behaviour by hormonal activational cues (McCarthy 2009, Le Page, 
Diotel et al. 2010). In mammals, the perinatal period is a time for maximal 
sensitivity to steroidal hormones. Therefore, the presence of estrogenic-like 
disrupting compounds in the environment that alter or mimic estradiol ef-
fects has generated substantial concern (McCarthy 2009, McCarthy 2010).  

 
Teleosts are unique in their gonadal sexual plasticity. They have the abil-

ity to change sex during their lifespan, and as opposed to mammals, do not 
have permanently sexualized brains. Fish brains have the capacity to grow 
and regenerate, and have a very high aromatase (Cyp19b) activity which 
reaches its peak during adulthood (Menuet, Pellegrini et al. 2005). Mam-
mals on the contrary, exhibit a high aromatase activity during development 
with decreasing expression over time. Aromatase is the enzyme which con-
verts testosterone to estrogen and is crucial as brain estrogen is essential for 
proper mammalian male behaviours in adulthood (Juntti, Tollkuhn et al. 
2010). While mammals display sexually dimorphic structures in certain re-
gions of the hypothalamus, no such well-defined characterized structures of 
the brain have been reported in fish (Le Page, Diotel et al. 2010). 
 

While much still remains to be discovered in the zebrafish brain, the 
stages of gonad differentiation is well-defined. All zebrafish first develop 
immature ovarian structures that later matures into ovaries or differentiates 
to testes (Takahashi 1977). The immature “juvenile” ovaries become visible 
at 2 weeks post fertilisation irrespective of final sex. Around week 5, 
zebrafish undergo a gonad transition stage where the juvenile ovaries start 
to differentiate into premature testes or ovaries (Maack and Segner 2003, 
Orban, Olsson et al. 2009). From around week 10, the gonads start to ma-
ture and they reach sexual maturity at around 3 months of age (Maack and 
Segner 2004). The timing and extent of each phase is approximate and seem 
to vary between individuals and families, in particular the juvenile ovary 
phase (Wang, Bartfai et al. 2007).   
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EDC effects in fish 

Exposure during adulthood 
The impact and response EDC exposure has on fish is dependent on dose, 
species, duration and life-stage of exposure. Many earlier efforts have been 
made to evaluate the impact of estrogen-mimicking compounds on repro-
duction as well as developing screening assays for xenoestrogens (Ankley, 
Mihaich et al. 1998). 

Generally, studies on adult exposure to EE2 has been short-term with 
high concentrations in comparison to relevant environmental concentra-
tions. The reproductive function has earlier been the main focus area of the 
estrogenic effects of EE2. Reduced fertility, reduced gonado-somatic index 
(GSI), changes in gonad structural compartments, altered spermatogonia 
proliferation, disrupted follicular development has been observed in EE2-
exposed zebrafish adults (Van den Belt, Wester et al. 2002, Ortiz-
Zarragoitia and Cajaraville 2005, Silva, Rocha et al. 2012). The suscepti-
bility of various parameters, however, differ between species, exemplified 
by the guppy showing no significant changes in GSI when exposed to EE2 

(Nielsen and Baatrup 2006, Lange, Katsu et al. 2012). 
Hepatic Vitellogenin (Vtg) expression has extensively been studied in 

adult males, and a few studies have looked at the impact EE2 has on other 
zebrafish liver functions (Islinger, Willimski et al. 2003, Lister, Regan et al. 
2009, Notch and Mayer 2009)  

Developmental exposure and reversibility 
Short-term exposure of fish to estrogenic compounds can induce activa-
tional responses, such as Vtg induction (Flouriot, Pakdel et al. 1996, Tyler, 
van der Eerden et al. 1996, Matozzo, Gagné et al. 2008).To study organi-
zational effects that might occur during developmental exposure, short-term 
exposures during critical windows or long-term exposures during full-life 
have been performed, assessing various reproductive parameters and revers-
ibility of these effects. Partial life-cycle tests have found significant changes 
in reproductive function (Fenske, Maack et al. 2005, Schäfers, Teigeler et 
al. 2007). Developmental exposure to EE2 has led to skewed sex ratios, Vtg 
induction, impaired juvenile growth, delayed time to sexual maturity, re-
duced egg production, decreased hatching success, increase in gonad mor-
phological abnormalities, suppressed gametogenesis, and reduced number 
of spawning fish (Hill and Janz 2003, Van den Belt, Verheyen et al. 2003, 



NASIM CASPILLO Hitting the Mark  21 
 

Weber, Hill et al. 2003, Örn, Holbech et al. 2003, Versonnen and Janssen 
2004, Lin and Janz 2006).  

Maack and Segner (Maack and Segner 2004) assessed three different 
stages during development to find critical windows of exposure, and found 
that the gonad transition stage  is the most susceptible period to persistent 
effects. Exposure during this phase induced a delay in the onset of spawning 
and a significant reduction of fecundity and fertility success as adults. 

 
Time, duration and concentration of exposure affects the reversibility of 

effects of EDCs. Studies comparing full life-cycle exposures with partial life-
cycle exposures have shown comparable effects, however, reversibility of 
the effects has differed, with longer exposures having lower observed effect 
concentrations and partially irreversible effects (Nash, Kime et al. 2004, 
Fenske, Maack et al. 2005, Schäfers, Teigeler et al. 2007).  

Taken together, short-term exposure of adult zebrafish may induce tran-
sitory and thus reversible effects, whereas exposure of developing fish dur-
ing critical periods may result in permanent effects. Parameters such as 
growth, sex ratio, gonad maturity and adult fecundity are affected during 
developmental exposure but are partially reversible after a recovery period 
(Fenske, Maack et al. 2005, Schäfers, Teigeler et al. 2007, Baumann, Knörr 
et al. 2014). Endpoints as fertility, hatching and gonad morphology seem to 
be persistent (Hill and Janz 2003, Weber, Hill et al. 2003, Xu, Yang et al. 
2008). 

Fish behaviour and EDC effects 
Ecotoxicology has mainly focused on apical endpoints such as reproduc-
tion, lethality and growth, yet far less attention has been given to behav-
ioural effects due to EDCs that may cause ecological effects by eventually 
altering population fitness. In recent years, there has been an increasing in-
terest in this field. EDCs have a wide range of adverse effects on both sexual 
behaviour and non-reproductive behaviours such as aggression, anxiety, 
dominance, motivation, memory and other social behaviours. Changes in 
specific behaviours can have critical consequences not only for the individ-
ual, but for the population as a whole (Clotfelter, Bell et al. 2004, Zala and 
Penn 2004). Studies linking individual behaviour with population fitness 
are needed as behavioural measures have potential to be important bioindi-
cators.  
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Reproductive behaviours in aquatic animals have been shown to be af-
fected by EDCs. Altered courtship behaviours in zebrafish due to EE2 has 
been reported (Spence and Smith 2005, Larsen, Hansen et al. 2008, Larsen, 
Bilberg et al. 2009, Baatrup and Henriksen 2015). In other fish, altered re-
productive behaviours include disrupted sexual selection and mate compe-
tition, reduced competitive behaviour and decreased sexual behaviours 
(Saaristo, Craft et al. 2009, Saaristo, Craft et al. 2010). These findings sug-
gest that changes in sexual behaviours may have critical consequences on 
the dynamics of a fish population. 
 

Reports on EDCs’ effects on non-reproductive behaviour in fish are few 
but increasing. EDCs have been shown to alter locomotor activity, bottom-
dwelling, aggression and dominance in zebrafish (Levin, Bencan et al. 2007, 
Bencan, Sledge et al. 2009, Colman, Baldwin et al. 2009, Sárria, Soares et 
al. 2011, Filby, Paull et al. 2012). Non-reproductive behaviours in other 
fish include affected boldness and decision making, risky behaviour and so-
cial recognition (Hebert, Lavin et al. 2014) 

 

Biomarkers 
Biomarkers are in a broad sense defined as a change in a biological response 
that can be related to exposure or toxic effects of environmental chemicals 
(van der Oost, Beyer et al. 2003). Biomarkers provide a mechanistic insight 
as to causative modes of action of the particular chemical in focus. When 
considering assessments of endocrine disruptors, it is suggested that a suite 
of endpoints at different biological levels should be used (Hutchinson, An-
kley et al. 2006). These endpoints include adverse effects (i.e. fertility, sur-
vival growth, morphological development) and biomarkers (as Vtg induc-
tion, plasma steroids, GSI).  
 

Vtg is the most commonly used biomarker for estrogenic exposure in 
aquatic animals in both field and laboratory studies (Matozzo, Gagné et al. 
2008).The zebrafish has several Vtg genes, not only expressed in the liver 
but also in tissues as skin, gills and gonads (Wang, Tan et al. 2005, Jin, 
Wang et al. 2008, Zhong, Yuan et al. 2014). Although Vtg as a biomarker 
shows specificity for estrogens, the established relationships between Vtg 
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induction and adverse health in fish are limited (Cheek, Brouwer et al. 
2001). Moreover, Vtg indicates ongoing estrogenic insults but not past ex-
posures as it is not permanently elevated after seized exposure. Permanent 
biomarkers related to detrimental effects due to estrogenic exposures are 
therefore needed. Other genes central in the estrogen response pathway that 
have been examined as potential biomarkers include ERα, ERβ, Cyp19b 
and gonadotrophins (Hutchinson, Ankley et al. 2006). 
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Objectives 

It is well established that EE2 as well as other EDCs can have detrimental 
effects on the aquatic wildlife. EDCs affect fertility, temporally after adult 
exposure and persistently after exposure during development. To identify 
the threats to man and wildlife, there is a need for biomarkers allowing 
detection of both reversible and irreversible effects in light of the whole-life 
exposure in the environment. The present thesis aims to identify damage 
and exposure during early and later life stages to, hopefully, contribute to a 
better risk assessment for EDCs. Working towards this goal, this thesis has 
investigated the potential of non-reproductive behaviour as indicator of EE2 
exposure and damage. Also, to let the damage of target organs, brain and 
testes, lead the search for useful biomarkers, and introduce new techniques 
for unbiased analyses to broaden the search for biomarkers applicable for 
environmental studies. 
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Methods 
The methods are described in detail in every paper. However, to give a 
clearer overview of the experimental set ups, a general description is pro-
vided below. 

Exposure 
All zebrafish used in our experiments were of the AB strain that were pro-
vided to us either as eggs or adults from the Karolinska Core Facilities, 
Huddinge and Solna. In all experiments, three exposure groups were always 
used; control and two exposure concentrations. 
 

In Papers I and II, adult male zebrafish were divided into three exposure 
groups (0, 5 and 25 ng/L EE2), each consisting of 30 males, treated for 14-
days in a flow-through system followed by behavioural tests. All fish sur-
vived the treatment period, with no signs of negative health effects. 

 
In Paper III, eight parental pairs of zebrafish were used to obtain eggs for 

the experiment. The eggs from each parental pair were divided into the three 
treatment groups, so that siblings from each parental pair were represented 
in each group (0, 1.2 and 1.6 ng/L EE2). The nominal concentrations of EE2 
were 3 and 10 ng/L, however water samples revealed actual concentrations 
of 1.2 and 1.6, respectively. As EE2 is hydrophilic, we suspect that it was to 
a larger extent bound to the excess food in the tanks as well as lining the 
aquaria walls. The silicone tubes used in the experiment have also been sug-
gested to bind EE2. Zebrafish were exposed to EE2 0-80 days post fertilisa-
tion (dpf) followed by a recovery period of 82 days in clean water. During 
the six first treatment weeks, the larvae were exposed to EE2 through a semi-
static system. After six weeks, the larvae were transferred to a flow-through 
system where exposure continued until 80 dpf. An 82-days recovery period 
in regular maintenance water followed. All families were separated through-
out the whole experiment. The fish were separated according to sex after 
about 4 weeks of recovery, when we were able to distinguish males from 
females based on secondary sexual characteristics. The sex of the fish were 
continuously checked until start of behaviour tests. 

 
In Paper V, we attempted to repeat the developmental exposure (Paper 

III) with a few adjustments made. Ten parental pairs of zebrafish were used, 
and as in Paper III, the eggs were divided into three exposure groups with 
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siblings represented in each treatment. The nominal concentration were 0, 
3 and 10 ng/L EE2, with actual concentrations of EE2 at 2.14 and 7.34 ng/L, 
respectively. During the whole exposure period, a flow-through system was 
used and all families were separated. After 6 weeks, a various amount of 
larvae were removed from each tank to avoid a high density in each tank. 
After an 80-days exposure, they were allowed recovery for 120 days in clean 
water. At approximately 4 months of age, the fish were separated by sex 
based on secondary sexual characteristics and sex was continually checked 
until start of behavioural tests. 

 
Figure 1. Overview of experimental set-ups 
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Behaviour 
All behavioural tests were conducted between 9 am and 1 pm to ensure 
similar time points in the circadian rhythm and thus avoid variations in 
hormonal secretion and locomotor activity. All behavioural tests were 
filmed and manually analysed. 

Novel tank test 
To assess anxiety-like behaviour, we have measured the parameters latency 
to enter upper half, number of transitions to upper half and total time spent 
in the upper half. An increased bottom-dwelling, reduced time spent in up-
per half and freezing bouts indicates heightened anxiety (Egan, Bergner et 
al. 2009, Stewart, Wu et al. 2011). 

The novel tank test (NT) was performed in a 20x20x40cm glass tank 
filled with 15 L maintenance water. At the right short-end of the tank, a 
transparent Plexiglas was placed with 4-5 untreated littermates of the same 
sex as the experimental fish behind it. A black sheet was placed in front of 
the Plexiglas to hide the shoal from the experimental fish. The bottom and 
remaining sides were all black. A horizontal and vertical line was drawn in 
the middle to be used when scoring the various parameters. The test session 
begins as the fish is introduced into the tank and ends after 5 min. 

We have observed that surrounding environmental factors and handling 
of the fish contributes to variations in basal stress levels. To reduce unnec-
essary variations, conscious efforts have therefore been made when choos-
ing an all-black tank, amount of light in the room, netting of the fish, limited 
visual contact with us during the experiment and to keep the fish with its 
group prior to the test rather than isolated. 
 

Figure 2.  Experimental aquarium for novel tank test 
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Shoaling test 
Zebrafish are naturally shoaling species, where individual zebrafish are ex-
pected to be motivated to join a school, yet also sporadically leave the shoal 
to inspect the surroundings (Blaser and Gerlai 2006, Paciorek and Mcrobert 
2012).  

To assess their shoaling tendencies, the shoaling test was performed in 
the same tank as the NT. Directly after the NT, the black screen was re-
moved enabling the experimental fish to visualize the shoal group. Shoaling 
behaviour was assessed for 5 min, starting as soon as the fish made contact 
with the group. Parameters measured were latency to cross the vertical line 
to the opposite half of the tank, number of transitions to the other half and 
total time spent in other half. Fish that did not make contact with the shoal 
group within 5 min were excluded. The shoal consisted of 4-5 unexposed 
littermates of the same age, strain and sex as the experimental fish. 

 

Scototaxis test 
The scototaxis test (ST) measures the preference of black versus white area. 
Fish show a pronounced preference for dark environments, where they pref-
erably stay before exploring the white area. An increased dwelling in the 
dark compartment signals increased anxiety and stress (Maximino, de Brito 
et al. 2010).  

The ST was conducted in a 20x20x40 cm glass tank filled with mainte-
nance water up to a level of 10 cm. The aquarium was half white and half 
black, containing a central compartment consisting of two transparent slid-
ing doors. The fish was introduced into the central compartment where it 

Figure 3. Experimental aquarium of shoaling test 
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was habituated for 5 min before the sliding doors were raised. Parameters 
measured were latency to first entrance into white area, number of transi-
tions into white area and total time spent in white area. The tests lasted for 
5 min and were filmed from above. 
 

 

 

Fertility 

Zebrafish testis histology 
In the adult study (Paper I), 7 fish from each treatment group were sacrificed 
for histology analyses. Normal adult testes should include all developmental 
stages of spermatogenesis. The analysis aimed to identify any morphological 
alterations due to the EE2 exposure. 

The testes were dissected out and fixed in Bouin’s solution and dehy-
drated in graded methanol. Dehydration was followed by clearing and fi-
nally embedded in Paraplast X-tra. Serial sections were mounted on slides 
and stained with Hematoxylin and Eosin before manually analysed under a 
light microscope. 

Zebrafish fertilisation success 
To assess whether the exposures affected reproduction in the experimental 
fish, data on fertilisation success was collected, where the number of ferti-
lised and unfertilised eggs laid was scored. This method validates EE2 effects 

Figure 4. Experimental aquarium for scototaxis test 
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on reproduction, but of course other complementary endpoints could be 
scored for a more elaborate examination on affected fertility. Hatching and 
survival of larvae after 6 days was also monitored. Experimental fish were 
always mated to unexposed fish of the opposite sex that were not part of 
the exposures.  

In Paper I, 7 males from each treatment were mated with 13 untreated 
females in large group mating cages for 48 hours. The proportion of ferti-
lized eggs was recorded. 

In Paper III, 1-2 experimental fish from each family were mated with 
unexposed fish of the opposite sex. They were placed in smaller mating 
cages for 24 hours, and the proportion of fertilized eggs was scored. 

Quantitative real-time PCR 
Real-time quantitative PCR (qPCR) was used to quantify the relative 
amount of mRNA transcripts in samples from gonads, liver and brain. With 
this method we could determine the mRNA transcripts of genes relative to 
a housekeeping gene after EE2 exposure. qPCR was also used to verify re-
sults from the RNA sequencing. 

In Paper I, qPCR was used to measure the relative transcript levels of 
hepatic Vtg. The measured Vtg upregulation in the experimental fish con-
firms the estrogenic exposure. Hepatic Vtg expression was also measured in 
Papers III and V, after the fish had recovered in clean water.  

In Paper II, qPCR was used to study the mRNA expression of genes in-
volved in sex differentiation and maintenance of gonadal function. 

In Papers IV and V, qPCR was used to verify the results from the RNA-
sequencing. Genes that were identified by the RNA-seq to be differentially 
expressed compared to unexposed controls were chosen for qPCR verifica-
tion. To verify results from the testes analyses, five biological replicates each 
from controls and 1.2 ng/L exposure group were run by qPCR. For the brain 
RNA-seq, qPCR was run on brains from eight control males and eight males 
developmentally exposed to 3 ng/L EE2. 

By using other biological samples from the same group, i.e. not the same 
individuals used in RNA-seq, but from the same exposure group, we verify 
the method but also our results and strengthen the biological conclusions 
from the RNA-seq experiments (Fang and Cui 2011). 
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RNA sequencing 
RNA-seq is a rather new method presenting the presence and quantity of all 
RNA at a given moment in time. This approach is bias-free, as a pre-selec-
tion of genes of interest is not required. Due to low number of replicates 
and large inter-group variations, great caution, however, is needed when 
interpreting obtained data. 
 

Based on the decreased fertility results of the developmentally exposed 
zebrafish in Paper III, testes RNA was sent for RNA-seq (Paper IV). Testes 
from four replicates in each exposure group (0, 1.2 and 1.6 ng/L EE2) were 
analysed. Based on results obtained in the NT, whole-brain samples from 
the exposures resulting in the highest impact on anxiety were chosen (Paper 
V). Thus, three biological replicates from male fish exposed to 3 ng/L and 
three female replicates from 10 ng/L EE2 were chosen, as well as three con-
trols each. High performance RNA-seq was performed at Genome Infra-
structure, SciLifeLab/Uppsala Genome Centre according to their procedures 
for purification, quantification and sequencing. 

All bioinformatics was performed by BILS (Bioinformatics Infrastructure 
for Life Sciences). 40 million reads were used in this study, which were 
mapped to the zebrafish (Danio rerio) genome. The mapped reads were con-
verted to count data, using Ensembl annotation of the zebrafish genome, 
version 9. All genes with lower reads than 1 cpm in at least three different 
libraries were omitted from the data set. A false discovery rate (FDR) of 
p<0.05 was used for identification of significantly differentially expressed 
genes.  

For the functional analysis of the testes transcriptome, an enrichment of 
gene ontology (GO) was done using TopGO package in R (Alexa and Rah-
nenführer 2009) comparing the list of significant genes to the background 
using Fisher test of significance. This functional analysis was not possible 
for the brain transcriptome data as the capacity to classify the significant 
genes was limited. Instead, a manual classification of genes and prediction 
of biological gene function was performed. GO-terms were based on infor-
mation from Zfin, Entrez gene and NGNC. Further detailed information on 
all genes of interest from both RNA-seqs were done by manual research on 
various databases.   
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Statistical analysis 
For Papers I, the behaviours were analysed by one-way ANOVA, using 
Graph Pad Prism 5.0. Log transformations were done when data did not fit 
normal distribution. Where the ANOVA showed significant differences, 
Dunnett’s Multiple Comparison was used as post-hoc test. The data is ex-
pressed as the mean ±SEM. 

For the developmental studies (Papers III and V), mixed effects models in 
R 3.01 (R Core Team 2013) and package lme4 (Bates, Maechler et al. 2013) 
were used. The mixed effects model uses family as a random variable to 
control for maternal effects and avoid pseudo-replication due to dependen-
cies within families. Normally distributed and homoscedastic residuals in 
the response variables were checked for. When needed, log transformations 
were used to normalize and remediate heteroscedasticity. All time variables 
were analysed using Gaussian error distributions. Response variables that 
were measured in counts or frequencies were analysed assuming Poisson 
distribution of residuals. All estimates were tested with both Wald chi-
square and with likelihood ratio tests.  

For qPCRs in Papers II and V, one-way ANOVA, using Graph Pad Prism 
5.0. Log transformations were done when data did not fit normal distribu-
tion. Where the ANOVA showed significant differences, Dunnett’s Multiple 
Comparison was used as post-hoc test. The data is expressed as the mean 
±SEM. 

qPCR data from paper IV were analysed with Welch Two Sample t-test 
assuming unequal variances. 
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Results 

Paper I. 17α-Ethinylestradiol affects anxiety and shoaling behav-
iour in adult male zebrafish (Danio rerio) 
Adult male zebrafish were exposed to 0, 5 and 25 ng/L EE2 for 14 days and 
analysed for effects of non-reproductive behaviour. Effects of treatment 
were confirmed by Vtg induction in both exposure doses, while brain aro-
matase activity was unaltered. Both concentrations of EE2 significantly 
modified the behaviour in the novel tank test, whereas the effects were the 
opposite for the two concentrations. The fish exposed to 5 ng/L EE2 indi-
cated more anxiety-like behaviour by later swim-up and time spent in upper 
half as well as fewer transitions. The 25 ng/L EE2 exposure group had a 
shorter latency to upper half and spent more and longer time there. The 
swimming activity of these fish was significantly reduced, in contrast to the 
5 ng group. In the shoaling test, both treatment groups had a significantly 
longer latency before leaving the shoal group compared to the controls, and 
the fish exposed to 5 ng/L EE2 spent significantly shorter time away from 
the shoal. After the behavioural tests, the fish were mated with wild type 
females and the eggs were counted. Fertilisation frequency was higher in the 
5 ng group compared to the control group, while no spawning was observed 
after treatment to 25 ng/L EE2. No abnormalities in the testes morphology 
was observed, with a normal distribution of spermatogenesis stages. This 
study showed effects of EE2 on two behavioural tests linked to stress-like 
behaviour, which might have a negative impact on population fitness. 
 

Paper II. Short-term treatment of adult male zebrafish (Danio re-
rio) with 17α-Ethinylestradiol affects the transcription of genes 
involved in development and male sex differentiation 
mRNA expression in testes and livers of the adult male zebrafish used in 
Paper II was examined. qPCR showed gene transcripts from four genes, 
Amh, dmrt1, sox9a and Nr5a1b, linked to male sex determination and dif-
ferentiation were significantly reduced after 25 ng/L exposure, but not by 5 
ng/L EE2.The female-specific Vtg  was significantly expressed in both testes 
and livers of the exposed males, but not the female-predominant gene 
Cyp19a. The testicular mRNA expression of steroid receptor AR was not 
significantly altered. ERα was not significantly different from control in ei-
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ther exposure dose in the testis, but the mRNA levels were significantly in-
creased in the liver for 5 ng/L and 25 ng/L EE2. Testicular ERβ mRNA levels 
were significantly increased after the 25 ng/L exposure, but not at 5 ng/L 
EE2. Nor was hepatic ERβ mRNA levels significantly altered compared to 
controls. The decreased transcription of male predominant genes supports 
a demasculinization of testes by EE2, possibly linked to the complete spawn-
ing failure observed in the 25 ng/L exposure group.  
 

Paper III. Developmental exposure of zebrafish (Danio rerio) to 
17α-Ethinylestradiol affects non-reproductive behaviour and fer-
tility as adults, and increases anxiety in unexposed progeny 
We have analysed the effects of EE2 on anxiety-like behaviour, shoaling in-
tensity, fertility and Vtg expression of zebrafish after developmental treat-
ment and remediation in clean water until adulthood. The fish were exposed 
to 1.2 and 1.6 ng/L EE2 from 1 to 80 days post fertilisation, and subse-
quently remediated for 82 days before examining non-reproductive behav-
iour and fertility success in both sexes. Both treatments increased stress-like 
behaviour and shoaling intensity in both sexes. Hepatic Vtg mRNA levels 
of the treatment groups did not show any significant alterations compared 
to the control group. Fertilisation success was significantly decreased in 
both treatments and both sexes. 

Males and females from control and the 1.2 ng/L EE2 group, were mated 
with untreated fish from the opposite sex to produce progeny (F1) to exam-
ine if the effects of EE2 could be transferred to the next generation. The F1 
fish of the parents treated with 1.2 ng/L EE2 displayed increased anxiety in 
the novel tank test and increased dark preference in the scototaxis test com-
pared to the control peers. 

Zebrafish developmental exposure of environmentally relevant EE2 con-
centrations thus resulted in persistent changes in fertility and behaviour. The 
behaviour of the unexposed F1 generation was also affected, suggesting 
plausible transgenerational effects, although further studies need to be done 
to confirm this.  
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Paper IV. Testis transcriptome alterations in zebrafish (Danio re-
rio) with reduced fertility due to developmental exposure to 17α-
Ethinylestradiol 
In search for mechanisms behind decreased fertilisation success, we per-
formed analysis of the testis transcriptome from adult males developmen-
tally exposed to EE2 and remediated in clean water. Four biological repli-
cates per exposure group (0, 1.2 and 1.6 ng/L) were sent for RNA-sequenc-
ing. 249 and 16 genes were significantly altered after exposure to 1.2 and 
1.6 ng/L EE2, respectively. An enrichment of gene ontology (GO) categories 
revealed the significantly altered genes to be related to functional pathways 
of organic substance metabolic processes, lipid metabolic processes, prote-
olysis, response to stress and gene silencing. Several non-coding genes were 
found to be differentially upregulated, including four miRNAs involved in 
epigenetic regulation and gene silencing. 
 

Paper V. Persistent effects of developmental exposure to 17α-
Ethinylestradiol, on the zebrafish (Danio rerio) brain transcrip-
tome and stress behaviour 
To further investigate the persistent effects of developmental exposure in 
zebrafish to EE2, we exposed zebrafish eggs from 1-80 days post fertilisation 
to 0, 3 and 10 ng/L EE2 (actual concentrations 2.14 and 7.34 ng/L). Before 
examining non-reproductive behaviours, the fish were allowed to recover 
for 120 days in clean water. At adulthood, the animals were tested for 
stress-like behaviour and shoaling tendencies, and whole-brain gene expres-
sion analysis by RNA sequencing was performed. The results showed in-
creased anxiety in novel tank test and scototaxis, as well as increased shoal-
ing preference in both males and females. RNA sequencing data displayed 
33 genes differentially expressed in male brains and 62 genes in the female 
brains compared to controls. The top putative pathways found when exam-
ining functional pathways were circadian rhythm and cholesterol biosyn-
thesis in females and males, respectively. Both pathways have earlier been 
shown to be affected by estrogens and coupled to behaviour.  
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Discussion and Conclusions 
Results from this thesis has demonstrated decreased fertility in adult and 
developmentally EE2-exposed zebrafish. In relation to decreased fertility in 
adult males, downregulation of genes related to sex differentiation was ob-
served. Exposure to environmentally low doses of EE2 led to increased anx-
iety-like behaviours in exposed zebrafish, with effects transferred to the un-
exposed progeny. RNA-seq analyses revealed numerous differentially ex-
pressed genes in the exposed zebrafish, serving as an initial groundwork in 
search of suitable biomarkers.  
 

Results from Paper III corroborate earlier findings on fertility, where re-
productive endpoints in zebrafish are highly sensitive to developmental es-
trogenic exposure. Exposures to low doses of EE2 has resulted in female-
biased sex ratios and feminised secondary sexual characteristics (Arukwe 
2001, Weber, Hill et al. 2003, Fenske, Maack et al. 2005), effects which 
have been shown to be restored after remediation (Van den Belt, Wester et 
al. 2002, Larsen, Bilberg et al. 2009, Baumann, Knörr et al. 2014). Fertili-
sation success, on the other hand, appears to be more persistent with longer 
lasting effects than other reproductive parameters such as egg production 
and gonad maturity (Hill and Janz 2003, Schäfers, Teigeler et al. 2007). 
 

 A decreased fertility was demonstrated in zebrafish developmentally ex-
posed to low environmentally relevant concentrations, which persisted after 
depuration in clean water (Paper III). Impairment of fertilisation success was 
still apparent in both sexes after remediation, despite restored sex ratio, 
supporting that these effects are irreversible.  

The short-term exposure in adult zebrafish males lead to complete 
spawning failure when mated with unexposed females, this despite normal 
testis morphology (Paper I). To investigate possible mechanisms related to 
the impaired fertility in the adult males, transcription levels of genes associ-
ated with zebrafish sex differentiation in the testes was examined (Paper II). 
Four genes involved in male sex differentiation were shown to be downreg-
ulated. The mRNA downregulation of male-predominant genes suggest that 
the hormone treatment might cause a demasculinization of the testes. These 
effects together with observed decreased fertility might possibly link the 
downregulation of genes involved in male sex differentiation with func-
tional sterility. However, further studies with additional genes and valida-
tion at the protein level are necessary to examine this possible link. The fish 
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from this exposure group also showed deviant behaviours, which could pos-
sibly be linked to the decreased fertility. At that time, it was not possible for 
us to test for reproductive behaviours, which could have been informative. 
Based on our findings, we could not discriminate whether spawning failure 
was due to behavioural effects or altered gene expression, however one pos-
sible mechanism does not exclude the other. Continued examination would 
be of great interest. 

Impaired fertility would not only be unfavourable for the individual, but 
is much likely to have long-term consequences on breeding dynamics and 
reproductive success, which would be detrimental to populations as a 
whole. Brief adult exposures usually result in transient effects, as opposed 
to more permanent effects during developmental exposure. However in na-
ture, the complex patterns of exposures during several periods might am-
plify temporal effects in adulthood by irreversible effects induced develop-
mentally. 
 

Compared with reproductive endpoints, effects of EDCs on non-repro-
ductive behaviour is less studied in fish. At the onset of our research, only a 
handful had reported effects related to anxiety caused by an EDC.  

Based on rodent model tests, several methodologies adapted to aquatic 
environments have been developed with behavioural tasks designed for val-
idation of pharmacological neuroactive drugs (Champagne, Hoefnagels et 
al. 2010). Zebrafish is emerging as a model organism in behavioural genet-
ics, whereas it in recent years has been used as a model system for stress and 
anxiety-like behaviours (Guo 2004, Norton and Bally-Cuif 2010). 

 
Results from this thesis has shown clear deviations from normal behav-

iour of zebrafish exposed to EE2 during adulthood and development. Adult 
males exposed for a limited period of two weeks, displayed two opposing 
behaviours in the NT, depending on dose (Paper I). The lower dose caused 
an anxiety-like response while the higher dose induced a more relaxed phe-
notype compared with controls. In the shoaling test, EE2 exposure resulted 
in closer shoal cohesions irrespective of dose. 

Low environmentally relevant doses of EE2 during development resulted 
in adult zebrafish displaying anxiety-like behaviours in the novel tank and 
scototaxis test, and more intense aggregation in the shoaling test (Paper III). 
These effects were persistent although the fish were allowed a long remedi-
ation period, suggesting that these effects are permanent. The behavioural 
results were confirmed in Paper V. Furthermore, the behavioural effects 
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were transmitted to the offspring of the developmentally exposed fish. It is 
well-established that hormone manipulation during development causes or-
ganisational, permanent effects in adulthood. Irreversible effects of such 
would most likely be consequential for population fitness.  

The stress response is essential for aquatic populations in the wild. Alter-
ations would affect predator recognition, avoidance, detection, evasion and 
confusion. An increased anxiety would affect foraging and reproduction op-
portunities (Papers III and V), while an excessively relaxed phenotype man-
ifested in surface-dwelling (Paper I) would greatly endanger fish to preda-
tion.  

Group living decreases predation risks and may increase foraging benefits 
by joining a larger group. Conversely, while shoaling behaviour decreases 
predator risk, it might be beneficial to leave the shoal to inspect for preda-
tors and food as increased competition may occur when accompanying a 
larger group (Spence, Gerlach et al. 2008). The propensity to approach a 
novel object can be measured and interpreted as boldness, thus, a reduced 
tendency to leave the shoal is regarded as a measure of reduced boldness, 
(Moretz, Martins et al. 2007). 

The differing outcomes of the NT and shoaling test in the exposed fish 
suggests that the behavioural mechanisms behind these tests are not analo-
gous. While the NT has readily been validated with neuroactive drugs, the 
shoaling test lacks such validation (Maximino, de Brito et al. 2010). Further 
validation by pharmacological drugs will give valuable information on the 
neurological background of the shoaling behaviour.  

Elevated anxiety-like behaviour was also demonstrated in the scototaxis 
test in exposed zebrafish (Paper V), as well as unexposed progeny (Paper 
III). These animals showed increased reluctance to investigate the white 
zone, and thus an excessive dark-dwelling, signalling increased anxiety and 
stress. The scototaxis test has been characterised by means of neuroactive 
drugs, and has been suggested to be complementary to the novel tank test 
as the exhibited anxiety is based on different stimuli. Novelty seems to be 
the main driving force in NT, and an approach-avoidance motivational con-
flict in the ST. (Maximino, Marques de Brito et al. 2010).  

 
The behavioural effects transmitted to the untreated offspring, F1 (Paper 

III), might indicate transgenerational effects. For a transgenerational effect 
to be determined, a third generation, F2, would be needed as the F1 have 
been exposed as germ cells (Ho and Burggren 2010). Nevertheless, these 
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results indicate possible transgenerational effects in fish due to developmen-
tal EE2 exposure. Although not included in this thesis, we have recently 
shown transgenerational effects on behaviour due to developmental EE2 ex-
posure in guppies (Volkova, Caspillo et al. 2015).  

 
In an attempt to discern the mechanisms behind decreased fertilisation 

success and the persistent effects on behaviour observed in the developmen-
tally EE2-exposed zebrafish, two RNA transcriptome analyses were per-
formed on the testes and brains, respectively (Paper IV and V). 

The testes transcriptome RNA-seq analysis revealed 249 and 16 genes to 
be significantly altered in the two exposure groups, respectively. A gene on-
tology enrichment analysis revealed the differentially expressed genes to be 
categorized in a multitude of pathways. Amongst the significantly altered 
genes, four miRNAs were found to be upregulated in EE2-exposed fish com-
pared to control fish. miRNAs are involved in epigenetic mechanisms, in-
fluencing gene expression at a post-transcriptional level (Yan 2014). Alt-
hough transgenerational phenotypes of altered fertility induced by EDCs 
have been shown in fish, epigenetics has as of yet to be investigated (Baker, 
Peterson et al. 2014, Bhandari, vom Saal et al. 2015). 

The whole-brain transcriptome analysis performed on both males and 
females presented 94 genes significantly affected. Interestingly, no genes di-
rectly involved in the stress axis were significantly altered, suggesting that 
alterations in anxiety behaviour is not mediated through the most straight-
forward target genes and that the mechanism behind the observed behav-
iours is much more complex. Other possible pathways that might indirectly 
affect anxiety behaviour were, however, identified. The top putative path-
ways were circadian rhythm and cholesterol biosynthesis, both of which 
include genes previously shown to be affected by estrogens. Furthermore, 
the genes significantly altered due to EE2 exposure differed between males 
and females, with only one affected gene in common in both sexes. As the 
behavioural phenotype of these exposure groups were similar, it might be 
possible that different neuroactive pathways mediate the anxiety phenotype 
in males and females. 

Transcriptome analyses in zebrafish are scarce. To the best of our 
knowledge, our RNA-seq analyses are the first of testis or brain gene ex-
pression in EE2-exposed fish. RNA-sequencing is a new and informative 
method to identify alterations without pre-selecting target genes, resulting 
in a bias-free experimental approach. It is however, challenging with new 
methods and the significance of the data is not easy to discern. The analyses 
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are based on few biological replicates with unbalanced family-relations to 
consider. As the samples show great inter-variance within each exposure 
group, all conclusions should be taken with caution. However, these anal-
yses are the first documenting long-lasting gene expression changes to brain 
and testis after developmental exposure to EE2, or any environmental pol-
lutant. This is an initial attempt to discover how EE2 affects gene expression 
in brain and gonads. Further studies are needed to evaluate the significance 
of our findings. More importantly, additional studies using this approach 
are needed to find suitable biomarkers for EDCs.  

 
It is vital to find biomarkers that could effectively identify effects of ex-

posure during several developmental stages as well as identifying past estro-
genic insults during the life cycle. In other words, biomarkers not only indi-
cating ongoing but also earlier exposures. A good biomarker would be one 
specifying adverse effects biological functions for the organism. A bi-
omarker not directly linked to an adverse effect would thus not give infor-
mation as to whether the organism has or is experiencing adverse effects. 
When considering the mechanisms by which endogenous hormones act by 
and regulate processes, it becomes clear that actions by EDCs is incredibly 
complex. Utilising a single biomarker for detecting estrogenic exposure 
would not be realistic. Rather, a weight of evidence approach to show that 
organisms have been/are exposed and that exposure is associated with det-
rimental consequences would be much more valid. This would most ade-
quately be achieved by using suites of biomarkers at molecular, cellular and 
physiological levels associated with adverse effects (Handy, Galloway et al. 
2003, Hutchinson, Ankley et al. 2006). 

Genes regulating gonadal differentiation as well as maintenance of repro-
ductive functions are good candidates for finding biomarkers of reproduc-
tive risk. An attempt in exploring such biomarkers has been endeavoured in 
Papers II and IV. Interestingly, the genes downregulated in the testes due to 
adult exposure, were not downregulated in the testes of developmental ex-
posed zebrafish. It is plausible that the genes are affected differently during 
development and adulthood. This is something to consider as biomarkers 
may be expressed differently depending on life-stage.  

Our results indicate that non-reproductive behaviours are sensitive pa-
rameters in EE2-exposed zebrafish, affected during both developmental and 
adult exposures when more standardised reproductive endpoints were not. 
We suggest that non-reproductive behaviours should be included as adverse 
effects during risk assessments as currently used reproductive endpoints 



NASIM CASPILLO Hitting the Mark  41 
 

may not be as sensitive, which could possibly lead to erroneous faulty lowest 
observed effect concentration (LOEC) values.  

 
Taken together, the results in this thesis show that non-reproductive be-

haviours and fertility in zebrafish are affected by low environmentally rele-
vant EE2 concentrations in adults and when exposed during development. 
Such effects are also transmitted to the offspring, possibly leading to 
longstanding repercussions for the individual and wild fish populations. To 
counteract such consequences in the wild, biomarkers indicating ongoing or 
previous exposures need to be developed and standardised when evaluating 
various environmental pollutants. RNA-seq could be a useful tool to reach 
such goals. Nevertheless, to ensure safer environments for aquatic animals, 
more means should be directed towards minimizing the amount of EDC 
reaching the waters by improving wastewater treatment technologies and 
ultimately designing “greener” chemicals that are more easily disintegrated 
and less hazardous to animals and humans.  



42  NASIM CASPILLO Hitting the Mark 
 

Acknowledgements 
I still can't believe that this day has finally arrived-I HAVE COMPLETED 
MY THESIS!!! There has been some long nights, a few tears and a lot of 
cursing along the way, but I have finally come to the part where I can sit 
down and write my acknowledgements. As I never thought this day would 
actually come, I am proud of myself for coming this far and completely 
grateful for all the people helping me along the way. Now I can only hope 
that I won’t embarrass myself during my defence =)  

This would first of all not have been possible without my absolutely won-
derful supervisor Inger Porsch Hällström. These past years has made me re-
alise how lucky I am to have had you as a supervisor. You have always been 
available whenever I've needed help or advice, your dedication to us and re-
search is incredible! Thank you for your time, efforts and patience!! And 
thanks for providing with "knäckebröd" and noodles (not that you probably 
could deny a stressed out, pregnant PhD close to her deadline) =) 

Thanks to my co-supervisors Per-Erik Olsson and Håkan Olsén for you 
input and suggestions. Thanks to all the co-authors for your work and suc-
cessful collaboration. 

Kristina "Cup Cake" Volkova, this is our thesis. We did it!! Thanks for 
all the weird discussions, laughs, frustrating moments and unforgettable 
conference trips. One thing I have learnt is to not share a room with you, 
who the heck sleeps at 10 pm while being abroad?!! 

Tove Porseryd, thanks for all the support, especially during these last 
months. Sorry to leave you all alone as the last member in the group, but 
think of it as your opportunity to be the object of Inger's complete attention 
and devotion! 

Dr Stefan Hallgren, our former hillbilly post-doc gone hippie =) Thanks 
for all the educational tips and lessons during the years. I still remember you 
showing us how to dissect out organs in the fish, where you supposedly 
removed the liver while we clearly could see that it was the beating heart! 

My office roomie Tiina Vinter, you are probably the most considerate human 
being I have ever met. You are absolutely wonderful and don’t you forget it!! 

To my wonderful colleagues at SH, thanks for all the laughs, workouts, 
gossip, consideration, advice and support throughout the years. I guess you 
guys won’t be too sad to lose the extra kilos you gained from all the sweets 
in my office. Josefine you are a bundle of energy, and always ready to lend 
a helping hand. Andrea, I am going to miss the braiding sessions. I am also 
wondering how you are going to get in to your office when I am not there 
to open the door for you?! Linn and Kajsa-Stina, I do like cats, I swear!! 



NASIM CASPILLO Hitting the Mark  43 
 

Pernilla, I am in total awe of your incredible motivation and devotion to 
your work. Petter, all the hardship now will lead to an even sweeter victory 
in the end. Natasja, your sarcastic humour is right up my alley! John, thanks 
for all the office chit-chats and birthdays celebrations. Lubna, thanks for all 
your work and extra efforts. Martin, good to know that you always stop 
by my office to have a chat before going to the rest room. Juliana, your 
energy is infectious!  Lena, thanks for your support and always asking me 
how things went. Anushree, I enjoyed our talks and appreciate your constant 
reassurances. There are so many at work contributing to the great atmosphere. 
My fellow PhD students, Erika, Matilde, Falkje, Christian, Elise, Sophie, Sara 
and Naveed, thanks for your support and good luck with your work!! Thanks 
to the seniors at SH for your advice and encouraging words, it means a lot.  

Lars and Pegah, I started working with zebrafish with you guys and learnt 
a lot from you and the GHA group, you were great colleagues and are now 
great friends.  

I of course need to give a special shout out to Patrik Dinnétz, my statis-
tical guru and Anders Amelin, the problem solver. The pair of you have 
been of great help to me and the group, I don’t know what we would have 
done without you!! 

My friends and family, most of you (with a few exceptions) didn’t really 
get what my research was about, but mating fish and contraceptive pills 
seems to have been the take home messages delivered =) Nonetheless, thanks 
for your love, support and total belief in my abilities-it truly means the world 
to me! Jeffrey Caspillo, thanks for the front cover of my thesis, I love it! 

A special thanks to the love of my life, Jonas Caspillo. Thank you for 
your support, your encouragements but most of all your endless patience. I 
know that I can be a handful =) Coming home to you and our boy Noa is 
the highlight of my day, every day, all year around. JAG ÄLSKAR ER! And 
thanks to the baby in my tummy, your acrobatic movements has kept me 
alert every time I have been tempted to fall asleep in front of the computer.  

All of this emotional writing has made me teary-eyed so I am going to 
stop writing now. I’ll just end my acknowledgements with my motto/mantra 
I tell myself every time I face challenges or reluctant tasks – JUST DO IT!!   



44  NASIM CASPILLO Hitting the Mark 
 

References 
 

Alexa, A. and J. Rahnenführer (2009). Gene set enrichment analysis with 
topGO, Available. 

Ankley, G., E. Mihaich, R. Stahl, D. Tillitt, T. Colborn, S. McMaster, R. 
Miller, J. Bantle, P. Campbell, N. Denslow, R. Dickerson, L. Folmar, 
M. Fry, J. Giesy, L. E. Gray, P. Guiney, T. Hutchinson, S. Kennedy, V. 
Kramer, G. LeBlanc, M. Mayes, A. Nimrod, R. Patino, R. Peterson, R. 
Purdy, R. Ringer, P. Thomas, L. Touart, G. Van Der Kraak and T. 
Zacharewski (1998). "Overview of a workshop on screening methods 
for detecting potential (anti-) estrogenic/androgenic chemicals in 
wildlife." Environmental Toxicology and Chemistry 17(1): 68-87. 

Aris, A. Z., A. S. Shamsuddin and S. M. Praveena (2014). "Occurrence of 
17α-ethynylestradiol (EE2) in the environment and effect on exposed 
biota: a review." Environment International 69: 104-119. 

Arukwe, A. (2001). "Cellular and Molecular Responses to Endocrine-
Modulators and the Impact on Fish Reproduction." Marine Pollution 
Bulletin 42(8): 643-655. 

Baatrup, E. and P. G. Henriksen (2015). "Disrupted reproductive behavior 
in unexposed female zebrafish (Danio rerio) paired with males exposed 
to low concentrations of 17α-ethinylestradiol (EE2)." Aquatic 
Toxicology 160(0): 197-204. 

Baker, T. R., R. E. Peterson and W. Heideman (2014). "Using Zebrafish 
as a Model System for Studying the Transgenerational Effects of 
Dioxin." Toxicological Sciences. 

Bates, D., M. Maechler, B. Bolker and S. Walker (2013). "lme4: Linear 
mixed-effects models using Eigen and S4." R package version 1(4). 

Baumann, L., S. Knörr, S. Keiter, K. Rehberger, S. Volz, V. Schiller, M. 
Fenske, H. Holbech, H. Segner and T. Braunbeck (2014). 
"Reversibility of endocrine disruption in zebrafish (Danio rerio) after 
discontinued exposure to the estrogen 17α-ethinylestradiol." 
Toxicology and Applied Pharmacology 278(3): 230-237. 



NASIM CASPILLO Hitting the Mark  45 
 

Bencan, Z., D. Sledge and E. D. Levin (2009). "Buspirone, 
chlordiazepoxide and diazepam effects in a zebrafish model of 
anxiety." Pharmacology Biochemistry and Behavior 94(1): 75-80. 

Bhandari, R. K., F. S. vom Saal and D. E. Tillitt (2015). 
"Transgenerational effects from early developmental exposures to 
bisphenol A or 17α-ethinylestradiol in medaka, Oryzias latipes." 
Scientific Reports 5: 9303. 

Blaser, R. and R. Gerlai (2006). "Behavioral phenotyping in zebrafish: 
Comparison of three behavioral quantification methods." Behavior 
Research Methods 38(3): 456-469. 

C., D., R. E. J., B. G. C. ., S. J. P. . and W. M. . (1998). "Identification of 
estrogenic chemicals in STW effluent. 1. Chemical fractionation and in 
vitro biological screening." Environmental science and Technology 
32(11): 1549-1557. 

Champagne, D. L., C. C. M. Hoefnagels, R. E. de Kloet and M. K. 
Richardson (2010). "Translating rodent behavioral repertoire to 
zebrafish (Danio rerio): Relevance for stress research." Behavioural 
Brain Research 214(2): 332-342. 

Cheek, A. O., T. H. Brouwer, S. Carroll, S. Manning, J. A. McLachlan 
and M. Brouwer (2001). "Experimental evaluation of vitellogenin as a 
predictive biomarker for reproductive disruption." Environ Health 
Perspect. 109(7): 681-690. 

Cheshenko, K., F. Pakdel, H. Segner, O. Kah and R. I. L. Eggen (2008). 
"Interference of endocrine disrupting chemicals with aromatase CYP19 
expression or activity, and consequences for reproduction of teleost 
fish." General and Comparative Endocrinology 155(1): 31-62. 

Clotfelter, E. D., A. M. Bell and K. R. Levering (2004). "The role of 
animal behaviour in the study of endocrine-disrupting chemicals." 
Animal Behaviour 68(4): 665-676. 

Colborn, T., F. S. v. Saal and A. M. Soto (1993). "Developmental Effects 
of Endocrine-Disrupting Chemicals in Wildlife and Humans." Environ 
Health Perspect. 101(5): 378-384. 

 



46  NASIM CASPILLO Hitting the Mark 
 

Colman, J. R., D. Baldwin, L. L. Johnson and N. L. Scholz (2009). 
"Effects of the synthetic estrogen, 17α-ethinylestradiol, on aggression 
and courtship behavior in male zebrafish (Danio rerio)." Aquatic 
Toxicology 91(4): 346-354. 

Combalbert, S. and G. Hernandez-Raquet (2010). "Occurrence, fate, and 
biodegradation of estrogens in sewage and manure." Applied 
Microbiology and Biotechnology 86(6): 1671-1692. 

de Mes, T., G. Zeeman and G. Lettinga (2005). "Occurrence and Fate of 
Estrone, 17β-estradiol and 17α-ethynylestradiol in STPs for Domestic 
Wastewater." Reviews in Environmental Science and Bio/Technology 
4(4): 275-311. 

Desbrow, C., E. Routledge, G. Brighty, J. Sumpter and M. Waldock 
(1998). "Identification of estrogenic chemicals in STW effluent. 1. 
Chemical fractionation and in vitro biological screening." 
Environmental Science & Technology 32(11): 1549-1558. 

Egan, R. J., C. L. Bergner, P. C. Hart, J. M. Cachat, P. R. Canavello, M. 
F. Elegante, S. I. Elkhayat, B. K. Bartels, A. K. Tien, D. H. Tien, S. 
Mohnot, E. Beeson, E. Glasgow, H. Amri, Z. Zukowska and A. V. 
Kalueff (2009). "Understanding behavioral and physiological 
phenotypes of stress and anxiety in zebrafish." Behavioural Brain 
Research 205(1): 38-44. 

Fang, Z. and X. Cui (2011). "Design and validation issues in RNA-seq 
experiments." Briefings in Bioinformatics 12(3): 280-287. 

Fenske, M., G. Maack, C. Schäfers and H. Segner (2005). "An 
environmentally relevant concentration of estrogen induces arrest of 
male gonad development in zebrafish, Danio rerio." Environmental 
Toxicology and Chemistry 24(5): 10881098. 

Filby, A. L., G. C. Paull, F. Searle, M. Ortiz-Zarragoitia and C. R. Tyler 
(2012). "Environmental Estrogen-Induced Alterations of Male 
Aggression and Dominance Hierarchies in Fish: A Mechanistic 
Analysis." Environmental Science & Technology 46(6): 3472-3479. 

Flouriot, G., F. Pakdel and Y. Valotaire (1996). "Transcriptional and 
post-transcriptional regulation of rainbow trout estrogen receptor and 
vitellogenin gene expression." Molecular and Cellular Endocrinology 
124(1–2): 173-183. 



NASIM CASPILLO Hitting the Mark  47 
 

Guo, S. (2004). "Linking genes to brain, behavior and neurological 
diseases: what can we learn from zebrafish?" Genes, Brain and 
Behavior 3(2): 63-74. 

Handy, R., T. Galloway and M. Depledge (2003). "A Proposal for the Use 
of Biomarkers for the Assessment of Chronic Pollution and in 
Regulatory Toxicology." Ecotoxicology 12(1-4): 331-343. 

Harris, R., N. Turan, C. Kirk, D. Ramsden and R. Waring (2007). 
"Effects of Endocrine Disruptors on Dehydroepiandrosterone 
Sulfotransferase and Enzymes Involved in PAPS Synthesis: Genomic 
and Nongenomic Pathways." Environmental Health Perspectives 
115(Suppl 1): 51-54. 

Hawkins, M. B., J. W. Thornton, D. Crews, J. K. Skipper, A. Dotte and P. 
Thomas (2000). "Identification of a third distinct estrogen receptor 
and reclassification of estrogen receptors in teleosts." Proceedings of 
the National Academy of Sciences 97(20): 10751-10756. 

Hebert, O. L., L. E. Lavin, J. M. Marks and T. L. Dzieweczynski (2014). 
"The effects of 17α-ethinyloestradiol on boldness and its relationship 
to decision making in male Siamese fighting fish." Animal Behaviour 
87(0): 203-212. 

Hill, R. L. and D. M. Janz (2003). "Developmental estrogenic exposure in 
zebrafish (Danio rerio): I. Effects on sex ratio and breeding success." 
Aquatic Toxicology 63(4): 417-429. 

Ho, D. H. and W. W. Burggren (2010). "Epigenetics and 
transgenerational transfer: a physiological perspective." Journal of 
Experimental Biology 213(1): 3-16. 

Hutchinson, T. H., G. T. Ankley, H. Segner and C. R. Tyler (2006). 
"Screening and Testing for Endocrine Disruption in Fish—Biomarkers 
As “Signposts,” Not “Traffic Lights,” in Risk Assessment." 
Environmental Health Perspectives 114(Suppl 1): 106-114. 

Islinger, M., D. Willimski, A. Völkl and T. Braunbeck (2003). "Effects of 
17a-ethinylestradiol on the expression of three estrogen-responsive 
genes and cellular ultrastructure of liver and testes in male zebrafish." 
Aquatic Toxicology 62(2): 85-103. 

 



48  NASIM CASPILLO Hitting the Mark 
 

Jin, Y., W. Wang, G. D. Sheng, W. Liu and Z. Fu (2008). "Hepatic and 
extrahepatic expression of estrogen-responsive genes in male adult 
zebrafish (Danio rerio) as biomarkers of short-term exposure to 17β-
estradiol." Environmental Monitoring and Assessment 146(1-3): 105-
111. 

Juntti, S. A., J. Tollkuhn, M. V. Wu, E. J. Fraser, T. Soderborg, S. Tan, S.-
I. Honda, N. Harada and N. M. Shah (2010). "The androgen receptor 
governs the execution, but not programming, of male sexual and 
territorial behaviors." Neuron 66(2): 260-272. 

Jørgensen, A., J. E. Nielsen, B. F. Nielsen, J. E. Morthorst, P. Bjerregaard 
and H. Leffers (2010). "Expression of prostaglandin synthases (pgds 
and pges) during zebrafish gonadal differentiation." Comparative 
Biochemistry and Physiology Part A: Molecular & Integrative 
Physiology 157(1): 102-108. 

Kimmel, C. B., W. W. Ballard, S. R. Kimmel, B. Ullmann and T. F. 
Schilling (1995). "Stages of embryonic development of the zebrafish." 
Developmental Dynamics 203(3): 253-310. 

Kolpin, D. W., E. T. Furlong, M. T. T. Meyer, E.M., S. D. Zaugg, L. N. 
Barber and H. T. Buxton (2002). "Pharmaceuticals, hormones and 
other organic wastewater contaminants in US streams, 1999-2000." 
Environ Sci Technol 36: 1202-1211. 

Lange, A., Y. Katsu, S. Miyagawa, Y. Ogino, H. Urushitani, T. 
Kobayashi, T. Hirai, J. A. Shears, M. Nagae and J. Yamamoto (2012). 
"Comparative responsiveness to natural and synthetic estrogens of fish 
species commonly used in the laboratory and field monitoring." 
Aquatic toxicology 109: 250-258. 

Larsen, M. G., K. Bilberg and E. Baatrup (2009). "Reversibility of 
estrogenic sex changes in zebrafish (Danio Rerio)." Environmental 
Toxicology and Chemistry 28(8): 1783-1785. 

Larsen, M. G., K. B. Hansen, P. G. Henriksen and E. Baatrup (2008). 
"Male zebrafish (Danio rerio) courtship behaviour resists the 
feminising effects of 17[alpha]-ethinyloestradiol--morphological sexual 
characteristics do not." Aquatic Toxicology 87(4): 234-244. 



NASIM CASPILLO Hitting the Mark  49 
 

Lawrence, C., J. Ebersole and R. Kesseli (2008). "Rapid growth and out-
crossing promote female development in zebrafish (Danio rerio)." 
Environmental Biology of Fishes 81(2): 239-246. 

Le Page, Y., N. Diotel, C. Vaillant, E. Pellegrini, I. Anglade, Y. Mérot and 
O. Kah (2010). "Aromatase, brain sexualization and plasticity: the fish 
paradigm." European Journal of Neuroscience 32(12): 2105-2115. 

Leet, J. K., H. E. Gall and M. S. Sepúlveda (2011). "A review of studies on 
androgen and estrogen exposure in fish early life stages: effects on gene 
and hormonal control of sexual differentiation." Journal of Applied 
Toxicology 31(5): 379-398. 

Levin, E. D., Z. Bencan and D. T. Cerutti (2007). "Anxiolytic effects of 
nicotine in zebrafish." Physiology & Behavior 90(1): 54-58. 

Liew, W. C., R. Bartfai, Z. Lim, R. Sreenivasan, K. R. Siegfried and L. 
Orban (2012). "Polygenic Sex Determination System in Zebrafish." 
PLoS ONE 7(4): e34397. 

Liew, W. C. and L. Orbán (2014). "Zebrafish sex: a complicated affair." 
Briefings in Functional Genomics 13(2): 172-187. 

Lin, L. L. and D. M. Janz (2006). "Effects of binary mixtures of 
xenoestrogens on gonadal development and reproduction in 
zebrafish." Aquatic Toxicology 80(4): 382-395. 

Lister, A., C. Regan, J. Van Zwol and G. Van Der Kraak (2009). 
"Inhibition of egg production in zebrafish by fluoxetine and municipal 
effluents: A mechanistic evaluation." Aquatic Toxicology 95(4): 320-
329. 

Lister, A. L. and G. Van Der Kraak (2008). "An investigation into the role 
of prostaglandins in zebrafish oocyte maturation and ovulation." 
General and Comparative Endocrinology 159(1): 46-57. 

Maack, G. and H. Segner (2003). "Morphological development of the 
gonads in zebrafish." Journal of Fish Biology 62(4): 895-906. 

Maack, G. and H. Segner (2004). "Life-stage-dependent sensitivity of 
zebrafish (Danio rerio) to estrogen exposure." Comparative 
Biochemistry and Physiology Part C: Toxicology & Pharmacology 
139(1-3): 47. 



50  NASIM CASPILLO Hitting the Mark 
 

Matozzo, V., F. Gagné, M. G. Marin, F. Ricciardi and C. Blaise (2008). 
"Vitellogenin as a biomarker of exposure to estrogenic compounds in 
aquatic invertebrates: A review." Environment International 34(4): 
531-545. 

Maximino, C., T. M. de Brito, A. W. da Silva Batista, A. M. Herculano, S. 
Morato and A. Gouveia Jr (2010). "Measuring anxiety in zebrafish: A 
critical review." Behavioural Brain Research 214(2): 157-171. 

Maximino, C., T. Marques de Brito, C. A. G. d. M. Dias, A. Gouveia and 
S. Morato (2010). "Scototaxis as anxiety-like behavior in fish." Nat. 
Protocols 5(2): 209-216. 

McCarthy, M. M. (2009). "The Two Faces of Estradiol: Effects on the 
Developing Brain." The Neuroscientist 15(6): 599-610. 

McCarthy, M. M. (2010). "How it’s Made: Organisational Effects of 
Hormones on the Developing Brain." Journal of neuroendocrinology 
22(7): 736-742. 

Menuet, A., E. Pellegrini, F. Brion, M.-M. Gueguen, I. Anglade, F. Pakdel 
and O. Kah (2005). "Expression and estrogen-dependent regulation of 
the zebrafish brain aromatase gene." The Journal of Comparative 
Neurology 485(4): 304-320. 

MistraPharma (2011). Collaborating to reduce the environmental risks of 
pharmaceuticals. 

MistraPharma (2012). Pharmaceuticals in a healthy environment. 

Moretz, J. A., E. P. Martins and B. D. Robison (2007). "Behavioral 
syndromes and the evolution of correlated behavior in zebrafish." 
Behavioral Ecology 18(3): 556-562. 

Nash, J. P., D. E. Kime, L. T. M. Van der Ven, P. W. Wester, F. o. Brion, 
G. Maack, P. Stahlschmidt-Allner and C. R. Tyler (2004). "Long-Term 
Exposure to Environmental Concentrations of the Pharmaceutical 
Ethynylestradiol Causes Reproductive Failure in Fish." Environ Health 
Perspect 112(17). 

Nielsen, L. and E. Baatrup (2006). "Quantitative studies on the effects of 
environmental estrogens on the testis of the guppy, Poecilia reticulata." 
Aquatic Toxicology 80(2): 140-148. 



NASIM CASPILLO Hitting the Mark  51 
 

Norton, W. and L. Bally-Cuif (2010). "Adult zebrafish as a model 
organism for behavioural genetics." BMC Neuroscience 11: 90-90. 

Notch, E. G. and G. D. Mayer (2009). "17α-Ethinylestradiol hinders 
nucleotide excision repair in zebrafish liver cells." Aquatic Toxicology 
95(4): 273-278. 

Olsson, J. H. a. P. E. (2005). "Zebrafish sex determination and 
differentiation: Involvement of FTZ-F1 genes." Reproductive Biology 
and Endocrinology 3(63). 

Orban, L., P.-E. Olsson and R. Screenivasan (2009). "Long and winding 
roads: Testis differentiation in zebrafish." Molecular and Cellular 
Endocrinology 312(1-2): 35-41. 

Ortiz-Zarragoitia, M. and M. P. Cajaraville (2005). "Effects of selected 
xenoestrogens on liver peroxisomes, vitellogenin levels and 
spermatogenic cell proliferation in male zebrafish." Comparative 
Biochemistry and Physiology Part C: Toxicology & Pharmacology 
141(2): 133-144. 

Paciorek, T. P. and S. Mcrobert (2012). Daily variation in the shoaling 
behavior of zebrafish Danio rerio, Saint Joseph's University. 

Pradhan, A. (2015). Molecular mechanisms of zebrafish sex differentiation 
and sexual behaviour. 

Saaristo, M., J. A. Craft, K. K. Lehtonen and K. Lindström (2009). "Sand 
goby (Pomatoschistus minutus) males exposed to an endocrine 
disrupting chemical fail in nest and mate competition." Hormones and 
Behavior 56(3): 315-321. 

Saaristo, M., J. A. Craft, K. K. Lehtonen and K. Lindström (2010). 
"Exposure to 17α-ethinyl estradiol impairs courtship and aggressive 
behaviour of male sand gobies (Pomatoschistus minutus)." 
Chemosphere 79(5): 541-546. 

Sabo-Attwood, T., K. J. Kroll and N. D. Denslow (2004). "Differential 
expression of largemouth bass (Micropterus salmoides) estrogen 
receptor isotypes alpha, beta, and gamma by estradiol." Molecular and 
Cellular Endocrinology 218(1–2): 107-118. 

 



52  NASIM CASPILLO Hitting the Mark 
 

Salierno, J. D. and A. S. Kane (2009). "17α-Ethinylestradiol alters 
reproductive behaviors, circulating hormones, and sexual morphology 
in male fathead minnows (Pimephales promelas)." Environmental 
Toxicology and Chemistry 28(5): 953-961. 

Sárria, M. P., J. Soares, M. N. Vieira, L. Filipe C. Castro, M. M. Santos 
and N. M. Monteiro (2011). "Rapid-behaviour responses as a reliable 
indicator of estrogenic chemical toxicity in zebrafish juveniles." 
Chemosphere 85(10): 1543-1547. 

Schäfers, C., M. Teigeler, A. Wenzel, G. Maack, M. Fenske and H. Segner 
(2007). "Concentration- and Time-dependent Effects of the Synthetic 
Estrogen, 17α-ethinylestradiol, on Reproductive Capabilities of the 
Zebrafish, Danio rerio." Journal of Toxicology and Environmental 
Health, Part A 70(9): 768-779. 

Segner, H., J. M. Navas, C. Schäfers and A. Wenzel (2003). "Potencies of 
estrogenic compounds in in vitro screening assays and in life cycle tests 
with zebrafish in vivo." Ecotoxicology and Environmental Safety 
54(3): 315-322. 

Siegfried, K. R. (2010). "In search of determinants: gene expression during 
gonadal sex differentiation." Journal of Fish Biology 76(8): 1879-
1902. 

Silva, P., M. J. Rocha, C. Cruzeiro, F. Malhão, B. Reis, R. Urbatzka, R. A. 
F. Monteiro and E. Rocha (2012). "Testing the effects of 
ethinylestradiol and of an environmentally relevant mixture of 
xenoestrogens as found in the Douro River (Portugal) on the 
maturation of fish gonads—A stereological study using the zebrafish 
(Danio rerio) as model." Aquatic Toxicology 124–125(0): 1-10. 

Sohoni, P. and J. Sumpter (1998). "Several environmental oestrogens are 
also anti-androgens." Journal of Endocrinology 158(3): 327-339. 

Spence, R., G. Gerlach, C. Lawrence and C. Smith (2008). "The behaviour 
and ecology of the zebrafish, Danio rerio." Biological Reviews 83(1): 
13-34. 

Spence, R. and C. Smith (2005). "Male territoriality mediates density and 
sex ratio effects on oviposition in the zebrafish, Danio rerio." Animal 
Behaviour 69(6): 1317-1323. 



NASIM CASPILLO Hitting the Mark  53 
 

Stewart, A., N. Wu, J. Cachat, P. Hart, S. Gaikwad, K. Wong, E. 
Utterback, T. Gilder, E. Kyzar, A. Newman, D. Carlos, K. Chang, M. 
Hook, C. Rhymes, M. Caffery, M. Greenberg, J. Zadina and A. V. 
Kalueff (2011). "Pharmacological modulation of anxiety-like 
phenotypes in adult zebrafish behavioral models." Progress in Neuro-
Psychopharmacology and Biological Psychiatry 35(6): 1421-1431. 

Sun, L., J. Zha and Z. Wang (2009). "Effects of binary mixtures of 
estrogen and antiestrogens on Japanese medaka (Oryzias latipes)." 
Aquatic Toxicology 93(1): 83-89. 

Sun, Y., H. Huang, Y. Sun, C. Wang, X.-L. Shi, H.-Y. Hu, T. Kameya and 
K. Fujie (2013). "Ecological risk of estrogenic endocrine disrupting 
chemicals in sewage plant effluent and reclaimed water." 
Environmental Pollution 180(0): 339-344. 

Takahashi, H. (1977). "Juvenile hermaphroditism in the Zebrafish." 
Bulletin of the Faculty of Fisheries, Hokkaido University. 

Thorpe, K. L., R. I. Cummings, T. H. Hutchinson, M. Scholze, G. Brighty, 
J. P. Sumpter and C. R. Tyler (2003). "Relative Potencies and 
Combination Effects of Steroidal Estrogens in Fish." Environmental 
Science & Technology 37(6): 1142-1149. 

Tyler, C., B. van der Eerden, S. Jobling, G. Panter and J. Sumpter (1996). 
"Measurement of vitellogenin, a biomarker for exposure to oestrogenic 
chemicals, in a wide variety of cyprinid fish." Journal of Comparative 
Physiology B: Biochemical, Systemic, and Environmental Physiology 
166(7): 418-426. 

Uchida, D., M. Yamashita, T. Kitano and T. Iguchi (2004). "An 
aromatase inhibitor or high water temperature induce oocyte apoptosis 
and depletion of P450 aromatase activity in the gonads of genetic 
female zebrafish during sex-reversal." Comparative Biochemistry and 
Physiology Part A: Molecular & Integrative Physiology 137(1): 11-20. 

Van den Belt, K., R. Verheyen and H. Witters (2003). "Effects of 17α-
ethynylestradiol in a partial life-cycle test with zebrafish (Danio rerio): 
effects on growth, gonads and female reproductive success." The 
Science of The Total Environment 309(1-3): 127-137. 

 



54  NASIM CASPILLO Hitting the Mark 
 

Van den Belt, K., P. W. Wester, L. T. M. van der Ven, R. Verheyen and H. 
Witters (2002). "Effects of ethynylestradiol on the reproductive 
physiology in zebrafish (Danio rerio): Time dependency and 
reversibility." Environmental Toxicology and Chemistry 21(4): 767-
775. 

van der Oost, R., J. Beyer and N. P. E. Vermeulen (2003). "Fish 
bioaccumulation and biomarkers in environmental risk assessment: a 
review." Environmental Toxicology and Pharmacology 13(2): 57-149. 

Wang, H., J. T. T. Tan, A. Emelyanov, V. Korzh and Z. Gong (2005). 
"Hepatic and extrahepatic expression of vitellogenin genes in the 
zebrafish, Danio rerio." Gene 356(0): 91-100. 

Wang, X. G., R. Bartfai, I. Sleptsova-Freidrich and L. Orban (2007). "The 
timing and extent of ‘juvenile ovary’ phase are highly variable during 
zebrafish testis differentiation." Journal of Fish Biology 70: 33-44. 

Waring, R. H. and R. M. Harris (2005). "Endocrine disrupters: A human 
risk?" Molecular and Cellular Endocrinology 244(1-2): 2-9. 

Weber, L. P., R. L. Hill and D. M. Janz (2003). "Developmental 
estrogenic exposure in zebrafish (Danio rerio): II. Histological 
evaluation of gametogenesis and organ toxicity." Aquatic Toxicology 
63(4): 431-446. 

Versonnen, B. J. and C. R. Janssen (2004). "Xenoestrogenic effects of 
ethinylestradiol in zebrafish (Danio rerio)." Environmental Toxicology 
19(3): 198-206. 

Wilson, C. A., S. K. High, B. M. McCluskey, A. Amores, Y.-l. Yan, T. A. 
Titus, J. L. Anderson, P. Batzel, M. J. Carvan, M. Schartl and J. H. 
Postlethwait (2014). "Wild Sex in Zebrafish: Loss of the Natural Sex 
Determinant in Domesticated Strains." Genetics 198(3): 1291-1308. 

Volkova, K., N. R. Caspillo, T. Porseryd, S. Hallgren, P. Dinnetz, H. 
Olsén and I. P. Hällström (2015). "Transgenerational effects of 17α-
ethinyl estradiol on anxiety behavior in the guppy, Poecilia reticulata." 
General and Comparative Endocrinology. 

Xu, H., J. Yang, Y. Wang, Q. Jiang, H. Chen and H. Song (2008). 
"Exposure to 17α-ethynylestradiol impairs reproductive functions of 
both male and female zebrafish (Danio rerio)." Aquatic Toxicology 
88(1): 1-8. 



NASIM CASPILLO Hitting the Mark  55 
 

Yan, W. (2014). "Potential roles of noncoding RNAs in environmental 
epigenetic transgenerational inheritance." Molecular and Cellular 
Endocrinology 398(1–2): 24-30. 

Ying, G.-G., R. S. Kookana and Y.-J. Ru (2002). "Occurrence and fate of 
hormone steroids in the environment." Environment International 
28(6): 545-551. 

Yu, R. M. K. and R. S. S. Wu (2006). "Hypoxia Affects Sex 
Differentiation and Development, Leading to a Male-Dominated 
Population in Zebrafish (Danio rerio)." Environmental Science & 
Technology 40(9): 3118-3122. 

Zala, S. M. and D. J. Penn (2004). "Abnormal behaviours induced by 
chemical pollution: a review of the evidence and new challenges." 
Animal Behaviour 68(4): 649-664. 

Zenker, A., M. R. Cicero, F. Prestinaci, P. Bottoni and M. Carere (2014). 
"Bioaccumulation and biomagnification potential of pharmaceuticals 
with a focus to the aquatic environment." Journal of Environmental 
Management 133: 378-387. 

Zha, J., L. Sun, P. A. Spear and Z. Wang (2008). "Comparison of 
ethinylestradiol and nonylphenol effects on reproduction of Chinese 
rare minnows (Gobiocypris rarus)." Ecotoxicology and Environmental 
Safety 71(2): 390-399. 

Zhong, L., L. Yuan, Y. Rao, Z. Li, X. Zhang, T. Liao, Y. Xu and H. Dai 
(2014). "Distribution of vitellogenin in zebrafish (Danio rerio) tissues 
for biomarker analysis." Aquatic Toxicology 149: 1-7. 

Örn, S., H. Holbech, T. H. Madsen, L. Norrgren and G. I. Petersen 
(2003). "Gonad development and vitellogenin production in zebrafish 
(Danio rerio) exposed to ethinylestradiol and methyltestosterone." 
Aquatic Toxicology 65(4): 397-411. 

 

 





Södertörn Doctoral Dissertations 2013-
För samtliga titlar i serien, sök i DiVA (sh.diva-portal.org)
A list of further titles in this series can be found by searching in DiVA (sh.diva-portal.org)

73. Fredrik Stiernstedt, Mediearbete i mediehuset: produktion i förändring på MTG-
radio, 2013

74. Jessica Moberg, Piety, Intimacy and Mobility: A Case Study of Charismatic 
Christianity in Present-day Stockholm, 2013

75. Elisabeth Hemby, Historiemåleri och bilder av vardag: Tatjana Nazarenkos 
konstnärskap i 1970-talets Sovjet, 2013

76. Tanya Jukkala, Suicide in Russia: A macro-sociological study, 2013
77. Maria Nyman, Resandets gränser: svenska resenärers skildringar av Ryssland 

under 1700-talet, 2013
78. Beate Feldmann Eellend, Visionära planer och vardagliga praktiker: postmili-

tära landskap i Östersjöområdet, 2013
79. Emma Lind, Genetic response to pollution in sticklebacks: natural selection in 

the wild, 2013
80. Anne Ross Solberg, The Mahdi wears Armani: An analysis of the Harun Yahya 

enterprise, 2013
81. Nikolay Zakharov, Attaining Whiteness: A Sociological Study of Race and Ra-

cialization in Russia, 2013
82. Anna Kharkina, From Kinship to Global Brand: the Discourse on Culture in Nor-

dic Cooperation after World War II, 2013
83. Florence Fröhlig, A painful legacy of World War II: Nazi forced enlistment: Al-

satian/Mosellan Prisoners of war and the Soviet Prison Camp of Tambov, 2013
84. Oskar Henriksson, Genetic connectivity of fish in the Western Indian Ocean, 2013
85. Hans Geir Aasmundsen, Pentecostalism, Globalisation and Society in Contem-

porary Argentina, 2013
86. Anna McWilliams, An Archaeology of the Iron Curtain: Material and Metaphor,

2013
87. Anna Danielsson, On the power of informal economies and the informal econo-

mies of power: rethinking informality, resilience and violence in Kosovo, 2014
88. Carina Guyard, Kommunikationsarbete på distans, 2014
89. Sofia Norling, Mot "väst": om vetenskap, politik och transformation i Polen

1989-2011, 2014
90. Markus Huss, Motståndets akustik: språk och (o)ljud hos Peter Weiss 1946–

1960, 2014
91. Ann-Christin Randahl, Strategiska skribenter: skrivprocesser i fysik och svenska,

2014
92. Péter Balogh, Perpetual borders: German-Polish cross-border contacts in the 

Szczecin area, 2014
93. Erika Lundell, Förkroppsligad fiktion och fiktionaliserade kroppar: levande roll-

spel i Östersjöregionen, 2014
94. Henriette Cederlöf, Alien Places in Late Soviet Science Fiction: The "Unexpected 

Encounters" of Arkady and Boris Strugatsky as Novels and Films, 2014



95. Niklas Eriksson, Urbanism Under Sail: An archaeology of fluit ships in early 
modern everyday life, 2014

96. Signe Opermann, Generational Use of News Media in Estonia: Media Access, 
Spatial Orientations and Discursive Characteristics of the News Media, 2014

97. Liudmila Voronova, Gendering in political journalism: A comparative study of 
Russia and Sweden, 2014

98. Ekaterina Kalinina, Mediated Post-Soviet Nostalgia, 2014
99. Anders E. B. Blomqvist, Economic Natonalizing in the Ethnic Borderlands of 

Hungary and Romania: Inclusion, Exclusion and Annihilation in Szatmár/Satu-
Mare, 1867–1944, 2014

100. Ann-Judith Rabenschlag, Völkerfreundschaft nach Bedarf: Ausländische Ar-
beitskräfte in der Wahrnehmung von Staat und Bevölkerung der DDR, 2014

101. Yuliya Yurchuck, Ukrainian Nationalists and the Ukrainian Insurgent Army in 
Post-Soviet Ukraine, 2014

102. Hanna Sofia Rehnberg, Organisationer berättar: narrativitet som resurs i stra-
tegisk kommunikation, 2014

103. Jaakko Turunen, Semiotics of Politics: Dialogicality of Parliamentary Talk,
2015

104. Iveta Jurkane-Hobein, I Imagine You Here Now: Relationship Maintenance 
Strategies in Long-Distance Intimate Relationships, 2015

105. Katharina Wesolowski, Maybe baby? Reproductive behaviour, fertility intent-
ions, and family policies in post-communist countries, with a special focus on 
Ukraine, 2015

106. Ann af Burén, Living Simultaneity: On religion among semi-secular Swedes,
2015

107. Larissa Mickwitz, En reformerad lärare: konstruktionen av en professionell och 
betygssättande lärare i skolpolitik och skolpraktik, 2015

108. Daniel Wojahn, Språkaktivism: diskussioner om feministiska språkförändringar 
i Sverige från 1960-talet till 2015, 2015

109. Hélène Edberg, Kreativt skrivande för kritiskt tänkande: en fallstudie av student-
ers arbete med kritisk metareflektion, 2015

110. Kristina Volkova, Fishy Behavior: Persistent effects of early-life exposure to 17α-
ethinylestradiol, 2015

111. Björn Sjöstrand, Att tänka det tekniska: en studie i Derridas teknikfilosofi, 2015 
112. Håkan Forsberg, Kampen om eleverna: gymnasiefältet och skolmarknadens 

framväxt i Stockholm, 1987-2011, 2015 
113. Johan Stake, Essays on quality evaluation and bidding behavior in public procure-

ment auctions, 2015 
114. Martin Gunnarson, Please Be Patient: A Cultural Phenomenological Study of 

Haemodialysis and Kidney Transplantation Care, 2016 
115. Nasim Reyhanian Caspillo, Studies of alterations in behavior and fertility in ethi-

nyl estradiol-exposed zebrafish and search for related biomarkers, 2016
 

 



Publikationer i serien Örebro Studies in Biology

1. Malmgren, Jan (2001) Evolutionary Ecology of Newts. 

2. Sandström, Ulf G. (2004) Biodiversity and Green Infrastructure 
in Urban Landscapes.

3. Olsman, Helena (2005) Bioassay analysis of dioxin-like compounds 
– response interactions and environmental transformation of Ah 
receptor agonists.

4. Comstedt, Daniel (2008) Explaining temporal variations in soil 
respiration rates and δ13C in coniferous forest ecosystems.

5. Boström, Björn (2008) Achieving Carbon Isotope Mass Balance  
in Northern Forest Soils, Soil Respiration and Fungi.

6. Rotander, Anna (2011) Monitoring persistent organic pollutants 
(POPs) in sub-Arctic and Arctic marine mammals, 1984–2009.

7. Nordén, Marcus (2013) Comparative avian developmental toxicity of 
PFAAs.

8. Westman, Ola (2013) Development of bioassays for risk assessment 
of PAHs and PFASs in the environment.

9. Volkova, Kristina (2015) Fishy Behavior. Persistent effects of early- 
life exposure to 17α -ethinylestradiol.

10. Reyhanian Caspillo, Nasim (2016) Hitting the Mark. Studies of 
alterations in behaviour and fertility in ethinyl estradiol-exposed 
zebrafish and search for related biomarkers.

 


	List of abbreviations
	List of articles in thesis
	Other Publications
	Introduction
	Endocrine disrupting compounds
	EDC mode of action
	17α-Ethinylestradiol as a model EDC
	Zebrafish as a model organism
	Zebrafish sex determination
	Sex differentiation
	EDC effects in fish
	Exposure during adulthood
	Developmental exposure and reversibility
	Fish behaviour and EDC effects
	Biomarkers
	Objectives
	Methods
	Exposure
	Behaviour
	Novel tank test
	Shoaling test
	Scototaxis test
	Fertility
	Zebrafish testis histology
	Zebrafish fertilisation success
	Quantitative real-time PCR
	RNA sequencing
	Statistical analysis
	Results
	Paper I. 17α-Ethinylestradiol affects anxiety and shoaling behaviour in adult male zebrafish (Danio rerio)
	Paper II. Short-term treatment of adult male zebrafish (Danio rerio) with 17α-Ethinylestradiol affects the transcription of genes involved in development and male sex differentiation
	Paper III. Developmental exposure of zebrafish (Danio rerio) to 17α-Ethinylestradiol affects non-reproductive behaviour and fertility as adults, and increases anxiety in unexposed progeny
	Paper IV. Testis transcriptome alterations in zebrafish (Danio rerio) with reduced fertility due to developmental exposure to 17α-Ethinylestradiol
	Paper V. Persistent effects of developmental exposure to 17α-Ethinylestradiol, on the zebrafish (Danio rerio) brain transcriptome and stress behaviour
	Discussion and Conclusions
	Acknowledgements
	References
	Blank Page
	Kappa-Nasim Caspillo REPRO.pdf
	List of abbreviations
	List of articles in thesis
	Other Publications
	Introduction
	Endocrine disrupting compounds
	EDC mode of action
	17α-Ethinylestradiol as a model EDC
	Zebrafish as a model organism
	Zebrafish sex determination
	Sex differentiation
	EDC effects in fish
	Exposure during adulthood
	Developmental exposure and reversibility
	Fish behaviour and EDC effects
	Biomarkers
	Objectives
	Methods
	Exposure
	Behaviour
	Novel tank test
	Shoaling test
	Scototaxis test
	Fertility
	Zebrafish testis histology
	Zebrafish fertilisation success
	Quantitative real-time PCR
	RNA sequencing
	Statistical analysis
	Results
	Paper I. 17α-Ethinylestradiol affects anxiety and shoaling behaviour in adult male zebrafish (Danio rerio)
	Paper II. Short-term treatment of adult male zebrafish (Danio rerio) with 17α-Ethinylestradiol affects the transcription of genes involved in development and male sex differentiation
	Paper III. Developmental exposure of zebrafish (Danio rerio) to 17α-Ethinylestradiol affects non-reproductive behaviour and fertility as adults, and increases anxiety in unexposed progeny
	Paper IV. Testis transcriptome alterations in zebrafish (Danio rerio) with reduced fertility due to developmental exposure to 17α-Ethinylestradiol
	Paper V. Persistent effects of developmental exposure to 17α-Ethinylestradiol, on the zebrafish (Danio rerio) brain transcriptome and stress behaviour
	Discussion and Conclusions
	Acknowledgements
	References

	Blank Page


<<
  /ASCII85EncodePages false
  /AllowPSXObjects true
  /AllowTransparency false
  /AlwaysEmbed [
    true
  ]
  /AntiAliasColorImages false
  /AntiAliasGrayImages false
  /AntiAliasMonoImages false
  /AutoFilterColorImages true
  /AutoFilterGrayImages true
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CheckCompliance [
    /None
  ]
  /ColorACSImageDict <<
    /HSamples [
      1
      1
      1
      1
    ]
    /QFactor 0.15000
    /VSamples [
      1
      1
      1
      1
    ]
  >>
  /ColorConversionStrategy /UseDeviceIndependentColor
  /ColorImageAutoFilterStrategy /JPEG
  /ColorImageDepth -1
  /ColorImageDict <<
    /HSamples [
      2
      1
      1
      2
    ]
    /QFactor 0.76000
    /VSamples [
      2
      1
      1
      2
    ]
  >>
  /ColorImageDownsampleThreshold 1.50000
  /ColorImageDownsampleType /Bicubic
  /ColorImageFilter /DCTEncode
  /ColorImageMinDownsampleDepth 1
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /ColorImageResolution 300
  /ColorSettingsFile ()
  /CompatibilityLevel 1.5
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /CreateJDFFile false
  /CreateJobTicket false
  /CropColorImages false
  /CropGrayImages false
  /CropMonoImages false
  /DSCReportingLevel 0
  /DefaultRenderingIntent /Default
  /Description <<

  >>
  /DetectBlends true
  /DetectCurves 0.10000
  /DoThumbnails false
  /DownsampleColorImages true
  /DownsampleGrayImages true
  /DownsampleMonoImages true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /EmbedOpenType false
  /EmitDSCWarnings false
  /EncodeColorImages true
  /EncodeGrayImages true
  /EncodeMonoImages true
  /EndPage -1
  /GrayACSImageDict <<
    /HSamples [
      1
      1
      1
      1
    ]
    /QFactor 0.15000
    /VSamples [
      1
      1
      1
      1
    ]
  >>
  /GrayImageAutoFilterStrategy /JPEG
  /GrayImageDepth -1
  /GrayImageDict <<
    /HSamples [
      2
      1
      1
      2
    ]
    /QFactor 0.76000
    /VSamples [
      2
      1
      1
      2
    ]
  >>
  /GrayImageDownsampleThreshold 1.50000
  /GrayImageDownsampleType /Bicubic
  /GrayImageFilter /DCTEncode
  /GrayImageMinDownsampleDepth 2
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /GrayImageResolution 300
  /ImageMemory 1048576
  /JPEG2000ColorACSImageDict <<
    /Quality 15
    /TileHeight 256
    /TileWidth 256
  >>
  /JPEG2000ColorImageDict <<
    /Quality 15
    /TileHeight 256
    /TileWidth 256
  >>
  /JPEG2000GrayACSImageDict <<
    /Quality 15
    /TileHeight 256
    /TileWidth 256
  >>
  /JPEG2000GrayImageDict <<
    /Quality 15
    /TileHeight 256
    /TileWidth 256
  >>
  /LockDistillerParams false
  /MaxSubsetPct 100
  /MonoImageDepth -1
  /MonoImageDict <<
    /K -1
  >>
  /MonoImageDownsampleThreshold 1.50000
  /MonoImageDownsampleType /Bicubic
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /MonoImageResolution 1200
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /NeverEmbed [
    true
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Impact
    /LucidaConsole
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
  ]
  /OPM 1
  /Optimize true
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName (U.S. Web Coated \050SWOP\051 v2)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 6
      /MarksWeight 0.25000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXBleedBoxToTrimBoxOffset [
    0
    0
    0
    0
  ]
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXOutputCondition ()
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXRegistryName (http://www.color.org)
  /PDFXSetBleedBoxToMediaBox true
  /PDFXTrapped /False
  /PDFXTrimBoxToMediaBoxOffset [
    0
    0
    0
    0
  ]
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /ParseICCProfilesInComments true
  /PassThroughJPEGImages true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /sRGBProfile (sRGB IEC61966-2.1)
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.276 841.890]
>> setpagedevice




