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SUMMARY 

The zebrafish is an exciting model organism with a lot to offer and many possible areas of 

application. Toxicity assays using zebrafish embryos are becoming increasingly popular with 

the pharmaceutical industry as a tool to bridge the gap between conventional cell based 

screens and animal testing. The main aim of this project was to explore the zebrafish as a 

model system for use in safety pharmacology, and to look into some of the different methods 

that can be used to do so. Dexamethasone and a novel antimicrobial drug lead were tested for 

toxicity in the zebrafish embryo by visual assessment of mortality and malformations, and by 

performance of apoptosis assay and western blotting to look at apoptosis and proliferation. 

 

Treatment with relative low concentrations of dexamethasone caused a significant increase in 

embryo malformation rate, while staining with acridine orange revealed altered apoptotic 

activity in brain tissues and in the urogenital tract of treated embryos. The antimicrobial 

peptide, 2,2-amino acid derivative 161, showed generally low toxicity to zebrafish embryos, 

as measured by the LC50 estimated in this project, compared to previously reported MIC and 

IC50 values for the drug against multi-resistant bacterial strains and cancer cells. However, 

truncation of tail and damage to tail tissue were seen after treatment with the drug. Staining 

with acridine orange showed increased apoptotic activity in brain tissues and the urogenital 

tract of treated embryos. Western blots of whole embryo extracts of embryos treated with 

either drug gave conflicting result, and a refinement of the method is suggested for future 

experiments. 

 

In parallel with the zebrafish experiments, studies using mammalian cell cultures were carried 

out. Both excess glucocorticoids and decreased levels of the transcription factor PAX6 have 

been associated with development of cataract and glaucoma. Glucocorticoids and PAX6 also 

influences glioblastoma cancer patient prognosis. We wanted to explore if treatment with 

dexamethasone would influence expression levels of PAX6 in human lens epithelial cells and 

human glioblastoma cells. We were also interested in looking at proliferation and apoptosis in 

these cell lines following dexamethasone treatment. To investigate this, western blots were 

done. However, results were inconclusive, and further studies are needed to answer this. 
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ABBREVIATIONS 

ADME Absorption, distribution, metabolism, excretion 

AMP Antimicrobial peptide 

BrdU Bromodeoxyuridine 

Dex Dexamethasone 

DMEM Dulbecco´s modified eagles medium 

DTT Dithiothreitol 
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PH3 Phospho-histone H3 

PTU N-Phenylthiourea 

qPCR Quantitative real-time polymerase chain reaction 

RBC Red blood cells 
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1. INTRODUCTION 

1.1 Drug discovery and safety pharmacology 

The development of novel drugs is a laborious and costly process, where many lead 

compounds never make it to the finish line (1). The usual course of testing for a drug lead 

starts with in vitro cell based toxicity assays, followed by in vivo testing in animals, most 

commonly mice, rats and dogs (2, 3). Then, if all goes well, human clinical trials can finally 

start up many years after the initial testing begun, and it will typically take between 12-15 

years before the drug potentially reaches the market (2). However, less than 1 % of novel 

compounds actually get this far, due to organ toxicity or poor in vivo administration, 

distribution, metabolism or excretion (ADME) profiles, usually discovered during animal 

testing (2, 4). Needless to say, by this time there have already been vast amounts of money 

invested in the project. Being able to identify and discard poor candidates early on in the 

process would therefore be of immense value, since the expenses associated with novel drug 

development increases the longer a lead is allowed to proceed through the hierarchy of 

preclinical studies or even enter clinical phase 1 trials (4, 5).  

 

Although the early in vitro studies are both time- and cost-effective, they have limited 

predictive and translational value to the human situation (6). Cell based assays are restricted 

in their capacity to model multi-cellular processes, as well as being limited in their ability to 

reflect the metabolism of a whole organism (4, 7). Drug exposure may therefore affect organ 

function in ways that can be difficult to uncover by means of standard toxicity tests on 

specific cell types (8). For this reason, many lead compounds meet their faith during animal 

trials. The International Conference on Harmonisation (ICH) S7A guidelines requires that all 

clinical drug candidates be evaluated with regard to basic vital functions such as the cardiac, 

central nervous and respiratory systems before first exposure to humans (9). This is when the 

in vivo ADME characteristics and possible off-target effects of the drug is first put to the test.  

When so many candidates fall through during this step in the process, why not screen for 

some of these things earlier, thereby allowing selection of the leads that show the most 

promise and may be worth investing in at an earlier point in time?  

 

While traditional in vivo test methods where toxicity studies of the compound is carried out in 

mammals are paramount at some point in the process, this is both expensive and time-
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consuming, and is poorly suited for rapid screening using small amounts of compound (5, 10). 

Meanwhile, the pressure from both regulatory authorities and animal welfare organizations to 

develop alternatives to animal testing and to minimize the number of mammals used in 

toxicity assays increases (4, 10, 11). There is clearly a gap existing between the inexpensive 

and high-throughput in vitro toxicity assays and the costly and slower in vivo assays 

conducted later on in the drug discovery process, which could benefit from novel screening 

tools (7, 12). Making it possible to introduce organ toxicity and safety pharmacology assays 

earlier in the process, using a high-throughput and affordable model system, may make a 

great difference when it comes to lead selection and could reduce attrition rates later on (4). 

With this in mind, numerous ideas for alternative model systems have been proposed. These 

include advanced in vitro cell- or tissue-based assays, but however advanced; these will 

always lack the biological complexity of in vivo models (4). Another option, already in use by 

several pharmaceutical companies, is the zebrafish. 

  
 

1.2 The zebrafish 

Originating from freshwater pools and streams in 

South Asia, the tropical zebrafish (Danio rerio) 

has been a popular inhabitant in home aquariums 

for many years (13, 14). This small fish of the 

carpe family grow to be about 3 cm in length, and 

gets its name from the dark blue and silvery 

vertical stripes flanking its body (Figure 1-1) (15). 

Male fish display darker blue stripes with a pink 

tint in between and are more streamline shaped than females, whose abdomen is often whiter 

and more protruded, especially before laying eggs (16). Adult zebrafish are relatively tough, 

and can tolerate large fluctuations in water pH, temperature and electrolyte concentrations 

quite well (17). These factors will however be of importance for the quality of eggs laid by 

the females, and fish held for research purposes should therefore be kept at optimal conditions 

(17). The temperature is usually kept between 26-28.5 C, while the pH should be monitored 

regularly and lay in the range of 6.8 to 7.5 (18). As light stimulates the fish to mate, zebrafish 

in the wild usually spawn shortly following daybreak (17).  

Figure 1-1: Adult zebrafish 
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The zebrafish embryogenesis is quite rapid, with embryos turning into larvae swimming about 

seeking for food within four days after fertilization (19). Kimmel and co-workers have 

divided the zebrafish´ embryogenesis into seven periods, all occurring during the first 72 

hours post fertilization (hpf) (19). Organogenesis starts during the first 24 hpf, and by 96 hpf 

most organs are fully developed (20, 21). Hatching marks the end of the embryogenesis, and 

usually takes place throughout the third day of development (19). During the next 24 hours, 

the early larvae will drain almost all of the yolk sac´s content, the swim bladder will inflate, 

and the larvae will start to swim actively around (19). 

 

As early as in the 1930s zebrafish was used to study developmental biology and molecular 

genetics, however many other possible areas of application for the zebrafish have more 

recently been recognized (22). Some of these include drug discovery and development 

through high-throughput screens and safety assessments, cancer research and studies of 

environmental pollution, while mutant zebrafish are used as disease models and in studies of 

organ development (23-26).  

 

The work to fully sequence the zebrafish genome started in 2001, and is now nearly finished 

(27). There is relatively high conservation of gene function between zebrafish and humans, 

and the zebrafish organs share surprisingly many similarities with their human counterparts, 

both anatomically and physiologically as well as from a molecular point of view (15, 28). 

Thousands of zebrafish mutants mimicking human genetic diseases have been generated 

through random mutagenesis and forward genetic screens, and are available commercially 

(14, 22). Reverse genetic approaches have also been established (15). Embryos of wild type 

strains can easily be exposed to drugs or chemicals and assessed with regard to survival and 

development of vital organs in a matter of days (6). Although disease modeling and safety 

assessments of novel drug leads are most commonly carried out using zebrafish embryos or 

larvae to benefit from their rapid development, experiments using adult fish are also proving 

valuable (22, 29). In short, the zebrafish has proven to be a versatile model in which the 

possibilities are endless. 
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1.3 Drug toxicity assessment using the zebrafish 
1.3.1 The zebrafish offers many advantages to testing in mammals 

Due to the small size of the fish and the fact that they are relatively easy to care for, many 

individuals can be kept together taking up minimum space and maintenance time, thereby 

making the animal husbandry in itself much less expensive and time consuming than keeping 

for instance rodents (Figure 1-2). The cost to maintain zebrafish as research animals have 

been calculated to 1 US cent per fish, as compared to 1 USD per mouse (20).  

 

 
Figure 1-2: Zebrafish are easy to care for, and does not require much space in a research facility 
compared to other animals. 

 

Sexual maturation of the fish is reached in about three months (20). A single female zebrafish 

paired with a male can then lay up to 300 eggs in one morning, about once a week (30). By 

mating several pairs of fish, thousands of eggs can be obtained every day of the year if 

desirable. Zebrafish embryos display rapid ex utero development, and a toxicity assessment 

can be carried out in only a week (6). In contrast to mammals, the zebrafish embryos do not 

undergo a lengthy fetal period where major structures or organ systems are formed, but have 

functioning vital organs at time of the assay (6). Also, malformed embryos with defects to 

vital organs can usually survive past the time at which the affected organ would normally start 

functioning, allowing assessment of defects that would otherwise be difficult (28, 31).  

Both the chorion surrounding the embryos until hatching, and the embryos themselves are 

transparent, making it easy to visually identify specific organ or tissue effects in the live 

animal under a dissecting microscope. This situation differs greatly from that in rodents, 

where one would typically have to dispatch of the mother before dissecting the embryo to 

observe organ development (15, 23).  
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The zebrafish embryo and young larvae only measures around 1-2 mm in length, and can 

therefore be arranged in multiwell plates where they can survive in as little as 50 L of water 

if a 384-well plate is used (15, 20). Small quantities of test material will therefore be required 

compared to the amounts that would be necessary for drug administration to bigger animals. 

Zebrafish are sensitive to chemical exposure during early development, and will absorb 

compounds dissolved in the incubation media through their skin, gills and mouth (20, 31). 

Highly hydrophilic drugs may be injected (32). 

 

Although testing in zebrafish can never completely replace mammalian assays, it can provide 

a bridge between cell-based methods and testing in higher animals. Using the zebrafish as a 

model system for safety studies early in novel drug discovery not only allows assessment of 

toxicity and possible off-target effects, but it also permits identification of active compounds 

with good pharmacokinetic properties as well as making the detection of prodrugs and tissue-

selective modifiers possible (20). Thus, many of the advantages of animal testing using higher 

animals are preserved, while keeping it much more cost-efficient, quicker and all the while 

reducing the need for testing in mammals.  

 

1.3.2 Determining toxicity 
As mentioned, the translucency of the zebrafish embryos make it easy to identify 

morphological changes to organs and other tissues without having to use advanced equipment 

or techniques. Dead eggs and embryos are also easy to identify by the change in coloration 

and loss of translucency that occurs due to coagulation and precipitation of proteins  

(Figure 1-3) (17).  

 

 
Figure 1-3: The change in coloration makes dead embryos easy to identify. Dying embryo (right) compared 
to a healthy embryo (left) at 24 hpf. 
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When doing a toxicity assessment of drugs or other chemicals, the LC50 or LD50 is often of 

interest. This represents the compound concentration or dose that would be expected to kill  

50 % of the population of a certain species in a given time span, and is commonly used as a 

measure of toxicity (33). When fish are used as test species, the fish are exposed to certain 

concentrations of the compound, and thus LC50 is the most appropriate parameter. This value 

can be used to compare toxicity of different compounds or toxicity of a given chemical 

between different populations; low LC50 indicates high toxicity (33). The test species is 

exposed to several different concentrations of the compound and is assessed with regard to 

mortality. When plotting mortality rate against the logarithm of concentration, the resulting 

dose-response curve will typically be sigmoidal (S-shaped) (34). Several methods are 

available for determining the LC50, but a probit analysis of the data is frequently used (35). By 

expressing mortality rate as probits (probability units) instead of percent, the sigmoid dose-

response curve is transformed into a straight plot that can be analyzed by linear regression 

(34). To use this method, one would have to assume that the relationship between test objects 

responding and concentration is normally distributed (34). Abbotts formula should be used to 

correct for mortality in the control group, so as not to make biased estimates of the LC50 (17).  

 

1.3.3 Apoptosis assay as part of toxicity assessment 

Apoptosis, or programmed cell death, is an important part of development and pathology in 

vertebrates, and is involved in normal cell turnover, eliminating unnecessary cells after 

differentiation, as well as being activated in response to environmental stress (36, 37). There 

are two main apoptotic signaling pathways in vertebrates, namely the intrinsic and extrinsic 

one. The intrinsic pathway is triggered by for instance damage to the cell, growth factor 

withdrawal or cytotoxic drugs, while the extrinsic pathway is involved in controlling immune 

response and homeostasis (38).  

 

Most of the changes a cell goes through during apoptosis can be ascribed to the activity of 

caspase enzymes, which belong to a family of proteases (39). Inactive caspase proenzymes 

exist dormant in the cell, and are activated in a cascade reaction as a response to nuclear, 

metabolic or an externally activated stimuli, culminating in the activation of effector caspases, 

primarily caspase-3, which in turn lead to DNA fragmentation, reduction of the cell nucleus 

and consequent cell death (Figure 1-4) (37, 38).  
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Figure 1-4: The apoptotic machinery. Caspase-3 is one of the primary effector caspases responsible for cell 
changes leading to apoptosis. Modified from (37). 

 

Stress-induced apoptosis is thought to be a factor in the pathophysiology of malformations 

during embryogenesis (37). Moreover, the process of apoptosis during development is very 

well conserved between zebrafish and higher animals, making the zebrafish a suitable model 

in which to study embryotoxic effects of environmental stimuli (37). 

 

Staining with acridine orange is a useful tool to identify apoptotic cells live. Emitting green 

fluorescence when bound to dsDNA, and binding especially strongly to fragmented DNA, 

short incubation of living embryos with this dye will result in selective labeling of apoptotic 

cells (39). Another method for identifying apoptosis in situ is the use of terminal 

deoxynucleotidyl transferase (TdT)-mediated dUTP nick end-labeling (TUNEL) (40). Like 

staining with acridine orange, TUNEL staining is also based on labeling of fragmented DNA.  



 
8 

Fluorescent dUTP is incorporated into DNA 

breaks in cell nuclei of fixed embryos or tissue 

samples (40). As the zebrafish embryo remain 

near-to translucent throughout most of the 

embryogenesis, cells undergoing apoptosis can 

be identified through any of these methods 

when viewed by fluorescence microscopy. 

However, pigmentation of the embryos could 

cloud the image, and it is therefore advisable to 

treat embryos with N-Phenylthiourea (PTU) 

from the 28 somite stage (approximately 23 

hpf), thus inhibiting pigment formation and generating completely transparent embryos, 

(Figure 1-5), if apoptosis is to be detected in embryos older than 24 hpf (41).  

 

1.3.4 Proliferation assay as part of toxicity assessment 
Correct regulation of cell proliferation, both through regulation of apoptosis and cell division, 

is vital for organogenesis and normal development in general (42). Failure in this area is the 

hallmark of cancer, and is also an important factor in the pathology of different birth defects 

and degenerative diseases (43). Consequently, both increased and decreased proliferation 

compared to the normal standard can be detrimental to health.  

 

Phospho-Histone H3 (PH3)-staining can be used to visualize cell proliferation in fixated 

embryos. Histone H3 is one of the proteins that form the histone core of the nucleosome, the 

important structure of the chromatin fiber. Both meiotic and mitotic chromosome 

condensation is associated with phosphorylation at serine 10 of H3, which has been shown to 

be required for processes following metaphase during cell division (44). Immunostaining of 

phosphorylated H3 will thus label proliferating cells. 

 

Bromodeoxyuridine (BrdU)-incorporation can also be used to identify cell proliferation in 

situ. When living embryos are incubated in BrdU, 5-bromo-2’-deoxyuridine will be 

incorporated into replicating DNA of cells preparing for cell division (42). Embryos are then 

fixed and immunolabeling can be used to assess the number of proliferating cells (42). 

  

Figure 1-5: Treatment with PTU can be used to 
generate completely transparent embryos. 
Control embryo (left) and PTU-treated embryo 
(right) at 72 hpf. 
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1.3.5 Detecting changes in gene and protein expression 
Methods for detecting changes in gene expression include RNA in situ hybridization (ISH) 

and quantitative real-time polymerase chain reaction (qPCR). In ISH, the presence of a 

specific strand of RNA is identified through hybridization between a labeled probe and its 

complementary sequence (45). ISH is done on tissue sections, or in the case of zebrafish 

embryos, whole mount ISH is commonly performed due to the embryos´ small size. The 

probe labeling tag is recognized with an antibody, marking the strand of interest with a dye or 

with fluorescence (46). This then makes identification of specific areas or particular cells 

expressing the gene of interest possible (45). For instance, using a probe that interacts with 

Histone H3 mRNA can be used to spot proliferating cells (47). qPCR can be used to quantify 

the expression of a gene of interest, using RNA as starting material. Reverse transcriptase is 

applied to generate cDNA, which next is used in a qPCR reaction. The polymerase chain 

reaction exponentially amplifies the cDNA template, resulting in a quantitative relationship 

between the amounts of accumulating product and starting material (48). The amount of 

product is measured by fluorescence, for instance by using a dye that only glows when 

interlaced in dsDNA (48). 

 

Protein expression can be studied through methods such as immunohistochemistry (IHC) or 

western blotting, which can be viewed as the ISH and qPCR equivalents for protein, rather 

than gene, detection. In IHC, antibodies are used to identify the protein of interest in specific 

tissue. Protein-antibody interaction is detected through fluorescence or coloration of the 

antibody itself, or by means of a secondary antibody. Like ISH, this allows detection of 

specific cells expressing the protein in question. For instance, PH3-staining described in 

Section 1.3.4 is an immunohistochemical approach for identification of proliferating cells. 

The technique of western blotting comprises three key steps, namely protein separation by 

size through gel-electrophoresis, transfer to a membrane, and finally marking and visualizing 

the target protein with fluorescent primary or secondary antibodies (49). The relative 

expression of the protein can then be quantified based on the intensity of fluorescence. 

Whereas ISH and IHC are methods that allow detection of the target in situ, qPCR and 

western blotting allow detection and quantification of the target from tissue samples without 

providing information on exact location of expression. 
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1.3.6 Zebrafish as a model for human drug development 

The zebrafish and human chromosomes share large blocks of synteny, and most human genes 

have orthologous genes in the zebrafish (50). Although the amino acid identity of zebrafish 

proteins may be less than 70 % of their human counterparts, the conservation in the functional 

domains is much greater, approaching 100 % similarity (32). As the substrate-binding region 

of a particular protein is commonly the targeted area for drugs, the high degree of 

conservation in this region is of much greater significance than the variable overall protein 

conservation. Numerous chemicals and drugs have shown analogous effects in zebrafish and 

humans (15, 32). For instance, the effects of alcohol on embryo development seen after 

alcohol consumption during mammalian pregnancy, such as delayed development, short 

stature and altered facial expression, can be mimicked by incubating zebrafish embryos in 

ethanol, (Figure 1-6) (51).   

 
Figure 1-6: Zebrafish embryos treated with alcohol show delayed and abnormal development. Embryos 
treated with 2 % EtOH (right) compared to controls (left) at 72 hpf. 

 
LC50 values obtained from toxicity assays on zebrafish embryos have been shown to correlate 

well with rodent LD50 values (52). Moreover, several studies on how well zebrafish toxicity 

assays may predict human toxicity have been conducted, using drugs with known effects in 

humans (4). These have obtained results that suggest the zebrafish  “can attain acceptable 

levels of predictivity”,  ranging  from  65-75  %,  termed  “sufficient”,  to  75-85 %, which is 

considered good predictivity (4). 
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1.4 Glucocorticoid drugs 

Endogenous glucocorticoids (GC) are steroid hormones involved in many regulatory 

mechanisms important for instance for development, bone formation, inflammatory and 

immune responses, metabolism, circadian cell cycle rhythm and stress response (53-55). 

Effects of GCs are mediated through binding to the intracellular glucocorticoid receptor (GR). 

Upon binding, the resulting GC-GR-complex translocate to the cell nucleus where it either 

works as a transcription factor binding to glucocorticoid response elements, or works together 

with other transcription factors to stimulate or repress transcription of specific genes (55). The 

GC-GR complex can also produce more rapid, transcription independent effects, for instance 

several anti-inflammatory responses (56, 57). Synthetic GCs are an extensively used class of 

drugs, especially important in treatment of chronic autoimmune, inflammatory and allergic 

diseases (55).  

 

Due to similarities between glucocorticoid signaling in zebrafish and humans, the zebrafish 

has emerged as a possible model in which to further study GC and GR function. While most 

fish species have multiple copies of the glucocorticoid receptor, zebrafish, like humans, have 

only one well conserved GR-gene (58). Furthermore, splicing of this gene renders two 

possible isoforms, which is also the case for human GR (59). The human GR isoform has 

been shown to be an inhibitor of the transactivational properties of the GR isoform in vitro, 

but how this translates to in vivo conditions are not fully understood (58). In fact, before the 

GR isoform was discovered in zebrafish, humans were the only species in which the 

presence of this isoform had been established (58). The similarities between human and 

zebrafish GR have made the zebrafish an interesting model in which to study GC and GR 

function, and both embryos and adult zebrafish have been used in various research on the 

field (29, 59-61). 

 

1.4.1 Effects of excess glucocorticoids on the fetus 

As an important part of treatment for several quite common disorders, many women of 

reproductive age are taking glucocorticoids. This class of drugs is also administered 

prenatally to women at risk for preterm delivery as a preventive measure against respiratory 

distress syndrome and intraventricular hemorrhage of the child (62, 63).  While the 

endogenous glucocorticoid cortisol plays an important role in embryogenesis, for instance by 
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regulating maturation of the lungs during late stages of pregnancy, fetal exposure to elevated 

levels of GCs may not be beneficial (64). Although somewhat inconclusive results have been 

obtained, animal experiments and clinical studies suggest that both short- and long-term 

exposure to excess GCs during pregnancy may be unfortunate for the child (65-67). Potential 

adverse events may be long-term altered hypothalamic-pituitary-adrenocortical-axis 

regulation, altered organ development and low birth weight, as well as adverse cognitive 

effects, hypertension and altered metabolic function later in life (65, 66, 68). Outcomes seem 

to be dependent on the timing and length of GC exposure, and in some cases also the sex of 

the child (66, 69).  

 

1.4.2 Effects of excess glucocorticoids on adults 

The list of possible adverse effects following systemic glucocorticoid treatment is long. 

Cushing´s syndrome describes the common symptoms of prolonged high levels of GCs. 

These include redisposition of adipose tissue, usually to abdomen, face and upper back, 

excess sweating and easy bruising due to thinning of the skin (70). Mood changes such as 

lethargy, anxiety, depression and mania can also be a complication (71). Furthermore, 

hypertension, hyperglycemia, increased susceptibility to infections, and reduction of bone 

density can develop (70).  

 

Another well-documented consequence of long-term use of GCs is a significantly increased 

risk of developing glaucoma and cataract (72, 73). The presence of a transcriptionally active 

GR has been shown to exist in human lens epithelial cells, however the molecular 

mechanisms behind GC-induced eye maladies remain largely unknown (74, 75). 

Development of cataract and glaucoma have in some cases been linked to decreased 

expression of PAX6, a transcription factor important for developmental processes of the eye 

and central nervous system (76-78). This transcription factor, its molecular function and target 

genes, is a major project at the Pharmacology research group, Department of Pharmacy, 

University of Tromsø (79, 80). 
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1.5 Antibiotic drugs: current problems and new possibilities 
1.5.1 Antibiotic resistance 
The introduction of penicillin for human use in the 1940s completely revolutionized 

medicine, and represents a hallmark in medicinal history. The way we practice medicine 

today could not have been possible without antibiotics, which are essential for instance for 

patients undergoing major surgery, organ transplantation or chemotherapy (81). 

Unfortunately, the widespread use and misuse of antibiotics since its introduction has 

rendered antibiotic resistance a major global issue (81). Today, resistant bacteria strains are 

spreading much faster than new antibiotics are being developed (82). Modern medicine, and 

thus public health, will suffer huge setbacks if this problem is not dealt with. Development of 

novel antimicrobial agents that show activity against multi-resistant bacteria strains such as 

methicillin-resistant S. aureus (MRSA), methicillin-resistant S. epidermis (MRSE) and Gram-

negative bacteria, who are generally more resistant to antibiotics, is essential (81, 83). Today 

and during the last couple of decades, new approaches are and have been investigated, but 

none has yet made it to general clinical use (84).  

 

1.5.2 Antimicrobial peptides 
As an important part of the innate immune system in both pro- and eukaryotes, and with 

remarkably broad activity spectra, antimicrobial peptides (AMPs) have emerged with the 

potential to form a new generation of antibiotics effective against multi-resistant bacteria (85, 

86). Both synthetic and naturally occurring AMPs show activity against Gram-negative and  

–positive bacteria, as well as fungi, viruses and parasites (85). Some even show anti-cancer 

properties (86). AMPs vary in length, sequence and structure, but are usually less than 100 

amino acids long, and have a net positive charge as well as a significant hydrophobic part, 

which allows the peptides to interact both with lipophilic surfaces and hydrophilic, negatively 

charged substances (86). One of the features of antimicrobial activity of the AMPs is their 

ability to lace themselves into the bacterial cytoplasmic membrane, either forming pores or 

otherwise disrupting the lipid organization of the membrane, causing leakage of cell contents 

(82). Some AMPs does not disrupt the bacterial membrane, but simply translocate through it 

to act on intracellular targets (86). The much higher content of anionic lipids on the surface of 

bacterial membranes compared to mammalian ones is thought to assure selectivity for 

microbial cells (87). Although promising as novel antibiotic drugs, high production cost and 
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poor systemic pharmacokinetic profile due to proteolytic degradation, as well as a potential 

risk of adverse effects on apoptosis and mast-cell degranulation, is a problem (85, 86).  

 

1.5.3 Antimicrobial 2,2-amino acid derivatives 
In an attempt to overcome the above mentioned problems associated with traditional AMPs, 

the Natural Product and Medicinal Chemistry research group, Department of Pharmacy, 

University of Tromsø has developed a new class of short AMPs based on the minimum 

pharmacophore requirements for antimicrobial activity, namely 2,2-amino acid derivatives 

(88, 89). These have been further improved with regard to suitability for oral administration 

(90). The derivatives have been synthesized from inexpensive starting materials, using 

methods that would be fit for industrial production (90). One of these compounds is  

2,2-amino acid derivative 161, a lead compound that has proven to be a promising candidate 

against several multi-resistant bacterial infections, due to low MIC values and high selectivity 

(90). Anticancer properties against Ramos cells have also been shown (91). 

 

 

1.6 Objectives 
The main aim of this thesis is to explore the zebrafish as a model system for use in safety 

pharmacology, and look into some of the different methods that can be used to do so. 

Approaches include visual assessment of mortality and possible malformations, and 

performance of apoptosis assay and western blotting to look at apoptosis and proliferation. 

The glucocorticoid drug dexamethasone is tested for teratogenicity in the zebrafish embryo. 

Also, a novel antimicrobial peptide, 2,2-amino acid derivative 161, is tested for toxicity, with 

the aim to determine an LC50 for this drug when given to zebrafish embryos. 

 

In parallel with the zebrafish experiments, studies using mammalian cell cultures are carried 

out. This is done as a side project in case fish egg production ceases during the project period. 

The biologically relevant cell line B3 (human lens epithelial cells) was chosen because both 

decreased levels of PAX6 and administration of glucocorticoids are associated with the 

development of cataracts in humans. Likewise, U251 (human glioblastoma cells) was chosen 

because both presence of PAX6 and use of glucocorticoids are associated with glioblastoma 

cancer patient prognosis. The major goal for the cell studies is therefore to see if the level of 
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expression of PAX6 will change upon dexamethasone treatment, and it is also of interest to 

look at proliferation and apoptosis.  
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2. MATERIALS AND METHODS  

2.1 Materials 
2.1.1 Buffers and solutions 

 
Table 2-1: Buffers and solutions used in this thesis 

Method Buffer Contents 
Embryo handling 
 E3 Stock solution 60 x E3: 

17.2 g NaCl 
0.76 g KCl 
29 g CaCl2 x 2 H2O 
4.9 g MgSO4 x 7 H2O 
Distilled water ad 1 L 
 
pH-adjusted 1 x E3 was used 
for embryo handling, 
pH: 6.8 – 6.9  

Preparation for protein analysis   
 1 M Dithiothreitol 

(DTT) 
 
 
 
 
2 x Sodium dodecyl 
sulfate (SDS) gel loading 
buffer 

1.54 g dithiothreitol 
33.3 μL 3 M NaOAc,  
pH 5.2 
Distilled water ad 10 mL 
 
 
5 mL 1M TrisHCl, pH 6.8 
10 mL 20 % SDS 
20 mL 50 % Glycerol 
0.1 g Bromophenol blue 
Distilled water ad 50 mL 

Gel electrophoresis   
 Running buffer Commercial: 

Invitrogen Life technologies, 
NuPAGE MES SDS Running 
buffer (20x) 
 
1 x Running buffer in 
distilled water was used for 
gel electrophoresis 
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Table 2-1: Continued 

Method Buffer Contents 
Western blotting   
 10 x TBS 

 
 
 
 
TBS-T buffer 
 
 
 
Transfer buffer 
 
 
 
 
Blocking buffer 

10 g KCl 
400 g NaCl 
200 mL 1 M TrisHCl, pH 7.5 
Distilled water ad 5 L 
 
0.5 L 10 x TBS  
5 mL Tween-20 
Distilled water ad 5 L 
 
29 g Tris base 
144 g Glycine 
1 L Methanol 
Distilled water ad 5 L 
 
Commercial: 
LI-COR Biosciences, 
Odyssey Blocking Buffer 

General washing   
 Phosphate buffered saline 

(PBS) 
8 g NaCl 
0.2 g KCl 
1.44 g Na2HPO4 
0.24 g KH2PO4 
Distilled water ad 1 L 
 
pH adjusted: pH 7.4 

Preparation for electron microscopy  
 1 M Sørensens phosphate 

buffer 
15.87 g NaH2PO4 x H2O 
137.83 g Na2HPO4 x 12 H2O 
140 g Sucrose 
Distilled water ad 5 L 
 
Adjustments: 
pH: 7.4 
Osmolarity: 300 – 320 mOsm 
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2.1.2 Chemicals 
 

Table 2-2: Chemicals used in this thesis 

Product name Manufacturer  

Acridine Orange hemi (Zinc Chloride) salt Sigma Aldrich 
Dexamethasone Water-Soluble Sigma Aldrich 
2,2-amino acid derivative 161, 
trifluoroacetic salt 

Natural Product and Medicinal Chemistry           
research group, Department of Pharmacy, 
University of Tromsø 

N-Phenylthiourea (PTU), Grade I Sigma Aldrich 

 

2.1.3 Antibodies 
 

Table 2-3: Antibodies used in this thesis 

Product name Manufacturer 
Primary antibodies 
Anti-Actin, rabbit Sigma Life Science 
Anti-Phospho-Histone H3 (Ser10), rabbit Millipore 
Anti-Active caspase-3, rabbit BD Biosciences, BD Pharmingen 
Anti-PAX6, rabbit polyclonal 
Anti-SGK, rabbit monoclonal 

Millipore 
Millipore 

  
Secondary antibody  
Donkey anti-rabbit IRDye, 800 CW LI-COR biosciences, Odyssey 
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2.1.4 Protein size markers 
To monitor the electrophorese progress and the electrotransfer efficiency when analyzing 

proteins, SeaBlue Pre-Stained Standard (Life technologies, Invitrogen) was used. MagicMark 

XP Western Protein Standard, 20-220 kDa (Life Technologies, Invitrogen) was used for 

protein molecular weight estimations on western blots. 

 

 

Figure 2-1: SeaBlue Pre-stained Standard (left) and MagicMark XP Western Protein Standard (right) 
were used as molecular weight markers (92, 93). 

 

2.1.5 Other compounds 
 

Table 2-4: Other compounds used in this thesis; enzymes, cell media components etc. 

Name Manufacturer 
Ethyl 3-aminobenzoate, methanesulforic acid salt (Tricaine) Sigma Aldrich 
Pronase from Streptomyces griseus Fluka, BioChemika 
Fetal calf serum (FCS) Sigma Life Sciences 
Sodium Pyruvate 100 mM solution Sigma Life Sciences 
Penicillin-Streptomycin Antibiotics Sigma Life Sciences 
MEM Non-essential amino acids (NEAA) Invitrogen GIBCO 
0.25 % Trypsin-EDTA solution Sigma Life Sciences 
Minimum essential medium eagle (MEM) Sigma Life Sciences 
Dulbecco´s modified eagles medium (DMEM) Sigma Life Sciences 
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2.1.6 Cell lines and growth media composition 
Human lens epithelial (B3, ATCC: CRL-11421) and human glioblastoma (U251, gift from 

Dr. Hrvoje Miletic, University of Bergen) cell lines were used in this thesis.  

Table 2-5: Composition of growth medium used for B3 and U251 cell lines 

Cell line Components Volume (%) 
B-3   
 MEM 

FCS 
Pyruvate 
NEAA 
Antibiotics  

77 
20  
1  
1 
1 

U251   
 DMEM 

FCS 
Pyruvate 
NEAA 
Antibiotics 

87  
10  
1  
1  
1  

 
 
 

2.2 Methods used for zebrafish experiments 
2.2.1 Zebrafish husbandry 

2.2.1.1 Living conditions/ fishkeeping 

AB/TU TAB-14 wild type zebrafish purchased from the Zebrafish International Resource 

Center (ZIRC) or bred in the lab were kept in a Zebtec bench-top Aquatic System, in 3.5 L 

and 8 L plastic aquariums. The system circulates aquatic water and continuously filters and 

aerates it to keep it fresh and clean. The system also monitors water temperature, conductivity 

and pH, automatically making adjustments if necessary. These parameters were maintained at  

26 – 30 °C, 650 - 750 μS and 6.7 – 7.5, respectively. Lighting conditions were kept at a fixed 

14-10 hours light-dark cycle; lights were gradually turned on from 08:45 – 09:00 in the 

morning, and were turned off from 22:00 – 22:30 at night. The fish were fed three times daily 

with a varied diet consisting of pellets and live and newly hatched brine shrimp (Artemia sp.). 

Fish over three months of age were considered eligible for spawning.  

 

Due to several weeks of construction work at the zebrafish lab, zebrafish were also held in 

stand-alone tanks at the ordinary lab facilities for some time. Here, fish were fed as usual with 
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brine shrimp and pellets. We tried to mimick the conditions of the zebrafish lab with regard to 

temperature, pH and conductivity of aquarium water. However, adjustments had to be done 

manually, and were not done more than every other day. Thus, zebrafish held at the ordinary 

lab were kept under less controlled conditions than those held at the zebrafish lab. 

 

2.2.1.2 Mating 

Adult zebrafish were separated by gender in the afternoon the day before intended spawning. 

Females were told apart from male fish by their bigger and whiter abdomen, while males were 

identified by their slender, more streamlined appearance, as well as their somewhat darker 

blue stripes with a pink tint in between (16). As the lights were gradually turned on the 

following morning, males and females were put together in multi-mating containers. To 

prevent the zebrafish predating on their embryos, a spawning mesh placed in the middle of the 

container allowed eggs to drop to the lower basin of the mating tank, thus protecting them 

from being eaten (94, 95). In order to further promote embryo production, the mating tanks 

were sometimes tilted to create a depth gradient (96). The fish were left to mate undisturbed 

for about two hours. After breeding, the zebrafish were returned to their original tanks in the 

rack. The eggs were collected in a petri dish and brought back to the lab for further handling. 

 

2.2.2 Embryo treatment and drug administration 

2.2.2.1 Handling of embryos 

The medium used for general handling of the embryos, as well as for dilution of all drug 

solutions, was 1x E3 (Table 2-1), a medium commonly used when raising zebrafish embryos 

(5, 97, 98). Newly laid embryos were rinsed extensively in E3. Unfertilized, dead or yeast-

infected embryos were removed. This was repeated right before starting drug treatment, as 

dead embryos generates a poor environment for the remaining embryos, thus counteracting 

normal growth and development and promoting further embryo death (98). There can be 

variations in the quality of embryos obtained from different parent fish concerning survival 

rate, development and sensitivity to chemicals (11). Clutches of embryos laid at 

approximately the same time were therefore always mixed together before testing of 

compounds was carried out. Experiments were carried out using 6-well plates (Falcon Tissue 

Culture Plate, 6 well. Flat bottom with low evaporation lid). Embryos were distributed among 
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the wells, placing approximately 50 embryos in each. Embryos were never allowed to dry out, 

and were incubated in E3 at all times until application of drug. 

 

2.2.2.2 Administration of drug and control medium 

The desired concentration of the drug to be tested was prepared using E3 as solvent. Solutions 

of dexamethasone were stored protected from light at 4°C, and were given a shelf life of four 

weeks. A 0.5 mg/mL stock solution of 2,2-amino acid derivative 161 was prepared and 

divided into aliquot parts, before being stored at -20°C. Embryos were kept in the dark in an 

incubator (Termaks B8058) at 28 °C, and were only taken out for short periods of time for 

observation of developmental status under a dissecting microscope, or to be prepared for 

photographing or various testing procedures.  

 

Originally, the intension was to test dexamethasone in concentrations of 10 and 100 g/mL. 

However, due to an oversight, dexamethasone concentrations of 0.68 and 6.8 g/mL were 

used  instead.  Treatment  was  initiated  around  3.3  hpf,  the  “high  stage”  of  embryo  

development. The  developmental  stage  was  determined  using  Kimmel  et  al.’s  description  of  

the different stages of zebrafish embryo development (19). E3 was removed and 2 mL of the 

correct drug solution was added to each well where experiments were to be carried out. 

Simultaneously with all experiments, control embryos were incubated in 2 mL E3. Treatment 

continued until 24 hpf, 48 hpf or 72 hpf. For experiments with duration past 24 hpf, drug 

solution or control medium was changed every 24 hours. Only embryos obtained from the 

zebrafish lab were used when testing dexamethasone. 

 

For testing of 2,2-amino acid derivative 161, two different experimental designs were used. 

In method A, embryos were treated with the peptide from 3.3 hpf until the end of the 

experiment at 24 hpf. In method B, treatment started at 24 hpf and was continued until 48 hpf. 

Before start of method B, embryos were examined so that only normally developed embryos 

were included. Many different concentrations of derivative 161 were tested (Table 2-6). 

Control embryos were simultaneously incubated in E3. 2 mL were used of both control 
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medium and drug solution. Embryos obtained from both the zebrafish lab and from zebrafish 

held at the ordinary lab were used.  

 
Table 2-6: Different concentrations of 2,2-amino acid derivative 161 tested in method A and B 
 

Concentration (mg/mL) Method A Method B 
0.001 
0.01 

o 
o/x 

 

0.02 o/x  
0.03 o/x  
0.04 o/x  
0.05 o/x o 
0.06 o/x  
0.075 o/x  
0.1 o/x o/x 
0.11  o/x 
0.12 x o/x 
0.125  o/x 
0.13  o/x 
0.135  o/x 
0.14 x o/x 
0.15  o/x 
0.16 x  
0.175  o/x 
0.19  x 
0.20 x o/x 
0.22 x x 
0.25 x x 
0.30  x 
0.40  x 
0.50  x 

o indicates testing on zebrafish embryos obtained from zebrafish held at the ordinary lab  
x indicates testing on zebrafish embryos obtained from the zebrafish lab 
 

2.2.2.3 Observation of embryos 

Using a dissecting microscope (Nikon SMZ 1000) zebrafish embryos were counted and 

assessed with regard to survival and morphological changes every 24 hours from 24-72 hpf, 

depending on the duration of the experiment. When testing 2,2-amino acid derivative 161, 

embryos were also examined one and three hours after starting treatment to check for acute 

toxicity. Dead embryos were identified by their opaque appearance due to coagulation and by 

the lack of a heart beat. Malformations observed were recorded and documented through 

photographing. Abnormally developed embryos were not removed until the end of the 

experiment, whereas dead embryos were taken out when identified. 
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2.2.3 Preparing embryos for photographing 

Morphological changes were documented through pictures taken with a camera (Nikon digital 

sight DS-U3, computer program: NIS-elements D 4.00) connected to the  lab’s  dissecting  

microscope. The software was calibrated for length measurements. Cells undergoing 

apoptosis in embryos prepared for apoptosis assay (Section 2.2.5) were observed under a 

microscope (Zeiss Axiovert S100) with a green fluorescence filter with excitation 470/40. 

This microscope was linked to a Nikon Digital Sight DS-SM camera (computer program: 

NIS-elements BR 2.30). 

 

2.2.3.1 Dechorionation of embryos 

The  embryos’  chorion  was  chemically  removed  using  500  μL 1 mg/ mL pronase in E3. After 

incubating them in this media for 2-3 minutes, the well plate was lightly stirred until the 

embryos started to lose their chorions. When the first ones started to drop out, the pronase 

solution was removed and the embryos were washed in E3 at least three times to neutralize 

the environment surrounding them and to remove residue. Embryos that were slow in 

dropping their chorions were helped out manually using small needles to penetrate the 

chorion and then lifting it off the embryos, or by gently pipetting the embryo in question up 

and down in a plastic pipette. 

 

2.2.3.2 Anaesthetizing and positioning embryos 

1.2 % agarose was prepared by melting agarose in E3 using a microwave oven. While still hot 

and liquid, 5 mL agarose mixture was added to small petri dishes (5 cm in diameter), and was 

then allowed to cool off and polymerize. To keep the embryos from moving around when 

trying to photograph them, they were anaesthetized with 500 μL 1x tricaine in E3. 

Anaesthetized embryos were then positioned on the agarose gel plate, using micropipette tips 

to gently shift them around and arrange them as appropriate.  
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2.2.4 Electron microscopy 

Embryos obtained from the zebrafish lab were incubated in 0.1 and 0.2 mg/mL 2,2-amino 

acid derivative 161 from 24-25 hpf. Embryos were dechorionated as previously described 

before peptide treatment started. After one hour of treatment, medium was removed and 

treated embryos and controls were fixed in 8 % paraformaldehyde in 200 nM HEPES over 

night at 4C. After this, samples were further prepared by Dominik Ausbacher and employees 

of the Electron microscopy department at the University of Tromsø. The methods used will 

only be described briefly. 

 

Fixed embryos were washed two times during 15 minutes in Sørensens phosphate buffer 

(Table 2-1), before being incubated in osmium tetroxide in water for 1.5 hours. Embryos were 

again washed two times during 15 minutes in Sørensens phosphate buffer. Embryos were 

dehydrated by incubation in increasing concentrations of ethanol, before being chemically 

dried with hexamethyldiciliazane. Next, embryos were mounted on aluminum stubs with 

carbon tape, before carbon vapour-deposit. Embryos were looked at and photographed with a 

field emission scanning electron microscope (Zeiss, Sigma FE-SEM, computer program: 

SmartSEM).  

 

2.2.5 Apoptosis assay 

2.2.5.1 Inhibiting melanogenesis 

To improve detection of apoptotic cells, N-Phenylthiourea (PTU) was used to inhibit 

melanogenesis and thereby generating completely transparent embryos. Embryos intended for 

apoptosis assay at 48 or 72 hpf were incubated in PTU from the 28 somite stage, about 23 hpf. 

A solution of 75 μM was prepared fresh in E3, either the same day or the day before intended 

use, and was kept protected from light at 4°C (41). The solution was heated to 65°C prior to 

use to ensure that the compound was properly dissolved, and was then cooled down again 

before addition of dexamethasone or 2,2-amino acid derivative 161. 
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2.2.5.2 Staining with Acridine orange 

Dechorionated embryos were incubated in 1x acridine orange in E3 for 30 minutes. Embryos 

were then washed three times in E3 during 10 minutes, before they were anaesthetized with 

1x tricaine. Stained embryos were protected from light at all times, and visualization and 

photographing of apoptotic cells were conducted in a dark room. 

 

2.2.6 Western blotting 
The expression of Pax6, pro-caspase-3, active caspase-3 and phospho-histone H3 was 

evaluated from crushed whole embryo tissue samples by western blotting. Subsequent 

staining with anti-actin was used to correct for loading of samples. 

 

2.2.6.1 Preparation of tissue samples 

Embryos intended for protein analysis were dechorionated if necessary and transferred to 

eppendorf tubes in segments of ten. This was done for embryos incubated in both 

concentrations of dexamethasone and selected concentrations of derivative 161, as well as for 

control embryos, at 24, 48 and 72 hpf (only dexamethasone treated embryos). The yolk sac 

was removed on embryos taken out for testing at 24 hpf due to its protein richness and the 

possibility that this could cloud the image. This was done by first anaesthetizing embryos 

with 1x tricaine or dulling them on ice for about 30 seconds, before gently pricking out the 

yolk sac with a micropipette tip. Embryos isolated at 48 – 72 hpf were allowed to keep their 

yolk sac, as the size of it at this point was deemed acceptably small. Incubation medium was 

removed and embryos were stored at -70°C immediately. 

 

When set to start the analysis, embryos were thawed on ice, before 50 μL 2 x SDS with 20 % 

1 M DTT (Table 2-1) was added to each of the eppendorf tubes. The samples were then put in 

a heating block at 100°C for 8 minutes, before being sonicated (Bioruptor UCD-200) in a 4°C 

ice- and waterbath for 2.5 minutes at a cycle of 30 second impulses. Finally, the samples were 

centrifuged (Biofuge Fresco, Heraeus instruments) at 4°C for 2 minutes, 13 000 rpm. 
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2.2.6.2 Gel-electrophoresis  

Two gels were run simultaneously. The gels to be used (Novex, PROTEIN NuPAGE 4 – 12% 

Bis-tris-gel, 1 mm x 12 well) were assembled in the buffer core and placed in the 

electrophoresis container (Life sciences, Invitrogen XCell SureLock Mini-Cell). The wells 

were flushed with running buffer (Table 2-1). About 200 mL running buffer was added to the 

upper buffer chamber, covering the gels completely (Figure 2-2). 

 

 

 
Figure 2-2: XCell SureLock Mini Cell viewed from the side (99) 
 

Ladders and samples were loaded  on  to  the  gels.  The  ladders  used,  3  μL  SeaBlue  and  0.5  μL  

MagicMarker (Figure 2-1) were  mixed  together  before  loading.  10  μL  of  each  sample  was  

applied,  as  well  as  10  μL  3T3-PAX6 as positive control. The lower buffer chamber was filled 

with approximately 600 mL running buffer, enough to allow access to the gels. Finally, the 

gels were run at 200 V for 45 minutes (Life sciences, Invitrogen Power Ease 500). 
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2.2.6.3 Electrotransfer/ Blotting 

Two filter sheets and one membrane (LI-COR Biosciences, Odyssey Nitrocellulose 

membrane) for each gel were cut to fit the gel´s dimensions (7.5 cm x 7.0 cm), and were then 

soaked in transfer buffer (Table 2-1) along with sponges of approximately the same size. The 

gels were retrieved from their plastic container, and were sandwiched in the blotting chamber 

(Invitrogen XCell II Blot Module) as follows: 

2 sponges 
Filter sheet 
Gel A 
Membrane A 
Filter sheet 
Sponge 
Filter sheet 
Gel B 
Membrane B 
Filter sheet 
2-3 sponges 

Air bubbles were removed by using a small rolling pin and the blotting chamber was placed in 

the electrophoresis cell. Transfer buffer was filled to the top of the upper buffer chamber, 

approximately 50 mL. Distilled water was added to the lower chamber, almost all the way to 

the top, but making sure it did not spill over to the blotting compartment. Blotting program at 

25 V were started, and were allowed to run for two hours. 

 

2.2.6.4 Blocking and antibody incubation  

After electrotransfer, membranes were collected and incubated with about 5 mL blocking 

buffer (Table 2-1) in a 50 mL centrifuge tube for one hour in room temperature, or at 4°C 

over night. The membranes were then incubated with primary antibody for one hour. With the 

exception of anti-caspase-3, which was diluted 1:1200, all primary antibodies (Table 2-3) 

were diluted 1:1000 in 3 mL blocking buffer (Table 2-1). 0.1 % Tween-20 was added to the 

mixture before incubation. Membranes were washed in TBS-T (Table 2-1) for 3x5 minutes, 

before being incubated with 5 mL secondary antibody (Table 2-3) for one hour in room 

temperature, or at 4°C over night. Secondary antibody was diluted 10 000 times in TBS-T. 

After incubation with secondary antibody, the membranes were once more washed in TBS-T 

for 3x5 minutes. During this whole process, care was taken to never let the membranes dry 

out. All incubations described above were carried out in a test tube rotator, thus continuously 



 
29 

circulating fluid over the membranes. The blots were developed  (LI-COR, Odyssesy Sa 

Infrared Imagin System) and were stored covered in TBS-T at 4°C for later use. 

 

2.2.6.5 Quantification of bands 

Background staining was subtracted and the relative fluorescence of each band present on the 

blot was determined using the Li-Cor Odyssey Sa 4.0 software, yielding  “integrated  

intensities”  for  each band. For the most part, background subtraction was set to take into 

consideration the local background on all four sides surrounding each band. However, for 

bands that had smeared in the longitudinal direction, background subtraction was calculated 

only with regard to the background immediately to the right and left sides of the band. 

Integrated intensity of bands of interest compared to integrated intensity of actin in the same 

lane was used as a measure of protein expression corrected for loading. For each blot, the 

corrected band intensity for the control from the earliest time point (i.e 24 hpf), was set to 1, 

and each successive band was corrected for loading and expressed relative to the this, yielding 

estimates of relative protein expression.  

 

2.2.7 Treatment of data 
Experiments were mortality rate in the control group was greater than 20 % were excluded 

from all calculations. Where appropriate, mean values were compared by independent-

samples two-tailed t-test, carried out using SPSS Statistics version 21, to decide if the 

frequency of lethal or sub-lethal endpoints observed were significantly different in treatment 

groups compared to the control group. An F-test of equality of variances was first performed, 

and a suitable t-test was then chosen based on the result. Significance level () was set to 

0.05.  

 

Fischer exact test was performed to test differences in the incidence of apoptosis in certain 

tissues of drug treated embryos compared to controls. The software used was R 3.0.0. 

Significance level () was set to 0.05. 

 

Embryo mortality rate after treatment with the different concentrations of 2,2-amino acid 

derivative 161 was corrected for death in the control group using Abbotts formula (17): 
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Corrected  %  mortality = 

 
%  Mortality  test  group   −   %  Mortality  control  group

100 −   %  Mortality  control  group
  x  100 

 

LC50 for 2,2-amino acid derivative 161 was estimated separately for method A and B, and for 

embryos obtained from the zebrafish lab contra the ordinary lab, by probit analysis. Using a 

table for transformation of percentages to probits, probits corresponding to the nearest whole 

number of corrected mortality rate for mortality greater than 0% and less than 100% were 

plotted against log concentration of derivative 161. Linear regression was used, generating an 

expression of probits of mortality as a function of concentration, making it possible to 

calculate the LC50. LC16 and LC84 were also calculated from the linear function expression, 

and 95 % confidence limits of the LC50 were determined by means of the Litchfield-Wilcoxon 

method (100): 

 

S = 0.5(
LC84
LC50

+  
LC50
LC16

) 
 

Log  f =   
2.77  x  Log  S

√n
 

 

Where n is the total number of embryos incubated in the range of concentrations between 

LC16 and LC84. 

 
 

Upper  confidence  limit = LC50  x  f 
 

Lower  confidence  limit =    LC50 f⁄  
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2.3 Methods used for cell culture experiments  
2.3.1 General cell care  
Cells were incubated in 75 cm2 cell culture flasks (Nunc, cell culture flask with filtered cap) 

at 37 C and 5 % CO2 (Thermo Scientific, HERA CELL 150i CO2 incubator). All cell work 

was done in a laminar air flow (LAF)-bench. Aseptic working techniques were practiced.  

 

Cells were split when about 80 % confluence of the flask surface was reached. Fresh medium 

was heated to approximately 37 C. Old medium was removed from the cells by suction, and 

cells were washed with about 10 mL PBS (Table 2-1). PBS was removed and 1 mL Trypsin-

EDTA was added to the flask. Cells were incubated at 37 C and 5 % CO2 until all cells had 

detached from the flask surface, usually after about 2 minutes. Microscopy (Zeiss Axiovert 

S100) was used to confirm detachment. If some cells were slow in coming loose, the cell 

culture flask was gently knocked against a hard surface to facilitate detachment. When cells 

had detached, the trypsin was neutralized by adding 9 mL of fresh medium, making the total 

volume in the flask 10 mL. Cells were dispersed by pipetting medium up and down. Then, 

depending on how much the cells needed to be split, a certain percentage of the cells were 

removed, and fresh medium was added. Usually, cells were split 1:10. If cells grew slowly 

and splitting was done less frequent than every third day, growth medium was exchanged 

every third day. 

 

2.3.2 Administration of drug 
Cells were plated out in 6-well plates (Falcon Tissue Culture Plate, 6 well. Flat bottom with 

low evaporation lid) before administration of dexamethasone. About 60 000 cells in 2 mL of 

medium was added to each well. To count cells, a small part of the trypsinized cells was 

added to a Bürker chamber covered with a glass slide. The number of cells in three big 

squares was counted. The average of this number was multiplied by 104 to yield the number 

of cells per 1 mL cell suspension. The dilution yielding 30 000 cells/mL was calculated and 

prepared, and 2 mL of this was added to each well. Cells in culture plates were incubated over 

night so that they would attach to the plastic surface. The following day, medium was 

removed by suction and 2 mL drug solution or control medium was added. A fresh 1.0 mM 

stock solution of dexamethasone was prepared in PBS. This was diluted in growth medium to 
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yield the test solutions of 1.0 M and 0.1 M dexamethasone. Controls were incubated in 2 

mL growth medium with a corresponding volume of PBS added.  

 

2.3.3 Western blotting 
Cell extracts were collected 4, 20 and 72 hours following initiation of drug treatment. 

Medium was removed from each of the wells, and cells were rinsed twice with 2 mL PBS. 

Wells were sucked dry and 100 L 2xSDS with 20 % 1 M DTT was added to each well. A 

rubber cell scrape (BD Falcon Cell Scraper, 1.8 cm blade) was used to detach cells from the 

well surface, and extracts were pipetted to eppendorf tubes. Collected samples were 

immediately heated for five minutes at 100 C on a heating block and cooled on ice, before 

they were stored at -80 C for protein analysis. When needed, thawed samples were sonicated, 

and gel-electrophoresis and western blotting was carried out as described in Section 2.2.6. 

The same antibodies that were used for analysis of zebrafish extracts were used on the cell 

extracts (Table 2-3), with the addition of Anti-SGK, diluted 1:200 in blocking buffer. 
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3. RESULTS 
 

3.1 Zebrafish experiments 
3.1.1 Dexamethasone 

3.1.1.1 Mortality and visible morphological changes 

We wanted to investigate the teratogenic potential of the glucocorticoid drug dexamethasone 

(dex) by simple visual assessment of treated zebrafish embryos compared to controls at 24, 48 

and 72 hpf. Figure 3-1 gives a general idea of the experimental set-up at the two latest time 

points. 

 
Figure 3-1: Experimental set-up at 48 and 72 hpf. Embryos were incubated in control medium and two 
different concentrations of dexamethasone. A-B: Control embryos at 48 and 72 hpf, respectively. C-D: Embryos 
treated with 0.68 g/mL dex. at 48 and 72 hpf, respectively. E-F: Embryos treated with 6.8 g/mL dex. at 48 and 
72 hpf, respectively. 
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Embryos were assessed with regard to survival and morphological changes every 24 hours 

until the end of the experiment. Table 3-1 and Figure 3-2 summarizes the findings. Data from 

the individual experiments are shown in Appendix (Table A1-1 to Table A1-3). Mortality was 

assessed within each time interval, whereas the incidence of malformations was evaluated as 

cumulative rates. There were no differences in mean mortality rate between the groups at any 

time during the experiments (Table 3-1). Mortality was highest the first 24 hours in all 

groups. After this, very few deaths were observed. Malformations were only occasionally 

observed at 24 hpf, but there seemed to be a small increase in the incidence of abnormal 

development among drug treated embryos. However, the malformation rate was not 

significantly increased compared to controls at this point. At the two later time points, the 

occurrence of malformations increased markedly with increasing concentrations of 

dexamethasone. This increase was significant between treated embryos and controls both at 

48 hpf and 72 hpf.  

 
 
Table 3-1: Overview of dexamethasone experiments 

g/mL 
dex 

Number of 
experiments* 

Total n 
 

Mean 
mortality (%) 

 STD 

p-
value 

Mean a.d (%)  
 STD 

p-
value 

3.3-24 hpf 
0 

0.68 
6.8 

7 
7 
6 

889 
940 
909 

13.25  2.70 
18.73  10.39 
14.49  8.00 

 
n.s 
n.s 

0.15  0.39 
0.76  1.07 
1.06  1.12 

 
n.s 
n.s 

24-48 hpf  
0 

0.68 
6.8 

8 
8 
7 

690 
676 
582 

0.10  0.28 
0.33  0.66 
0.22  0.58 

 
n.s 
n.s 

2.48  1.55 
10.94  9.03 
12.67  6.56 

 
< 0.05 
< 0.01 

48-72 hpf 
0 

0.68 
6.8 

8 
8 
7 

357 
359 
332 

0.43  1.22 
0.38  0.72 
1.62  2.44 

 
n.s 
n.s 

5.81  4.29 
15.04  8.11 
23.25  6.06 

 
< 0.05 
< 0.01 

A.d: Malformed or otherwise abnormally developed embryos, expressed as cumulative percentage of survivors 
STD: Estimated standard deviation 
Total n reflects the total of included embryos throughout the experiments.  
Probability values given are for a two-tailed t-test 
n.s: difference between treated group and control is not significant (=0.05).  
*Experiments were the control group displayed a mortality rate >20 % were excluded from all calculations. See 
Appendix Table A1-1 to Table A1-3 for full details on the individual experiments.  



 
35 

 

Figure 3-2: Graphic presentation of mean malformation rates and estimated standard deviations after 
treatment with dexamethasone, as presented in Table 3-1. Malformations or otherwise delayed or unusual 
development was generally observed more often with increasing drug concentrations, but were only significantly 
more occurring in treated groups at 48 hpf and 72 hpf. A.d: Malformed or otherwise abnormally developed 
embryos, expressed as percentage of survivors. Malformation rates are cumulative. 
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The most commonly observed malformations were pericardial edema and yolk sac edema 

(Figure 3-3, B and D), or a combination of both. Typically, yolk sac edema could be seen 

around 48 hpf, whereas pericardial edema became more evident at 72 hpf. Other 

malformations occasionally observed were kinked tail and abnormal body axis curvature 

(Figure 3-3, F-H).    

 
Figure 3-3:  Zebrafish embryos treated with dexamethasone showed frequent malformations such as yolk 
sac edema and pericardial edema, but kinked tail or abnormal body-axis curvature were also observed.  
A: Control embryo at 48 hpf. B: Yolk sac edema at 48 hpf. Embryo treated with 6.8 g/mL dex. C: Control 
embryo at 72 hpf. D: Pericardial edema at 72 hpf. Embryo treated with 6.8 g/mL dex. E: Whole control embryo 
at 72 hpf. F-H: Embryos at 72 hpf suffering from kinked tail and abnormal body-axis curvature in addition to 
pericardial edema, respectively. Embryos treated with 6.8 g/mL dex. 
yse: yolk sac edema, pe: pericardial edema, kt: kinked tail, bac: abnormal body-axis curvature 
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Embryos were not measured routinely, but length differences between treatment and control 

groups were evaluated in retrospect from the images taken. 10 randomly selected embryos in 

each group were measured from highest point on the head to the tip of the tail, using the 

measurement application of NIS elements D4 2.00. Measurements done at 72 hpf does not 

suggest any difference in length between the treatment groups and controls (Table 3-2).  

 
Table 3-2: Average body length of dexamethasone treated embryos and controls at 72 hpf 

g/mL dex Number of embryos 
measured 

Mean length (m) 
 STD 

p-value 

0 10 3236.3  132.2  
0.68 10 3274.8  203.1 n.s 
6.8 10 3251.3  170.3 n.s 

STD: Estimated standard deviation 
Probability values given are for a two-tailed t-test 
n.s: Difference between treated group and controls is not significant ( = 0.05) 
 
 

3.1.1.2 Apoptosis assay  

In order to investigate if dexamethasone treatment would affect apoptosis in zebrafish 

embryos, staining with acridine orange was used. The dye emits green fluorescence when 

bound to dsDNA and binds particularly strongly to fragmented DNA, which is a result of the 

apoptosis machinery at work (39). Thus, selective labeling of cells undergoing apoptosis is 

achieved. 10 embryos from each treatment group were assessed at the three time points. 

 

Overall, very few apoptotic cells were identified at 24 hpf. The only striking difference 

observed between the control group and the treatment groups was a significant increase in the 

number of embryos showing apoptosis in the epiphysis (Figure 3-4, yellow arrows). All 

embryos incubated in the highest concentration of dex displayed apoptotic activity in the 

epiphysis, whereas only three of the observed control embryos did (Appendix Table A2-1).  
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Figure 3-4: There was an increased incidence of apoptosis in the epiphysis of dexamethasone treated 
embryos compared to controls at 24 hpf. The overall apoptotic activity was low at this time point. A 
significant larger number of treated embryos than controls showed signs of apoptotic activity in the epiphysis 
(yellow arrows). Otherwise, no differences were seen between treated embryos and controls (bottom panel). 
E: Eye, YS: Yolk sac, YSE: Yolk sac extension 

 

Generally, there was a peak in apoptotic activity at 48 hpf compared to 24 and 72 hpf, 

especially along the yolk sac. Apoptotic activity was seen around the eyes of embryos in both 

the control group and treatment group, but the incidence of embryos showing apoptosis in this 

area was significantly higher for drug treated embryos than for controls (Appendix Table A2-

2). Furthermore, in most dex treated embryos, the level of apoptotic activity around the eyes 

appeared greater than it did in controls showing apoptosis in the same place (Figure 3-5, 

orange arrows). The level of apoptosis seemed to increase with increasing concentrations of 

dex. All observed embryos showed apoptosis in the olfactory placodes (Figure 3-5, pink 

arrows), but the level of apoptotic activity was clearly reduced in many of the dex treated 

embryos compared to controls (Appendix Table A2-2). The urogenital tract was also an area 

where dex treated embryos showed altered apoptotic activity compared to controls  

(Figure 3-5, blue arrows).  While 10 of 10 control embryos displayed apoptosis in the 

urogenital tract, none of the embryos treated with dex did (Appendix Table A2-2). 
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Figure 3-5: Treatment with dexamethasone caused altered apoptotic activity in the brain and in the 
urogenital tract of embryos at 48 hpf. Acridine orange staining revealed that a significantly larger number of 
embryos treated with dex showed apoptotic activity around the eyes (orange arrows) compared to the control 
group. Also, the level of apoptosis in this area seemed to be dose-dependent. Dex treated embryos showed 
decreased apoptotic activity in the olfactory placodes compared to controls (pink arrows). No treated embryos 
showed any sign of apoptosis in the urogenital tract (blue arrows), whereas all controls did.  
YS: Yolk sac, YSE: Yolk sac extension 

 

At 72 hpf, very little apoptosis was observed around the eyes of embryos, and differences in 

apoptosis in this area could no longer be seen between controls and dexamethasone treated 

embryos. Overall, apoptotic activity in the olfactory placodes was more prominent at this time 

point than at 48 hpf for all embryos (Figure 3-6, pink arrows). Most of the dexamethasone 

treated embryos showed decreased levels of apoptosis in this area compared to controls 

(Appendix Table A2-3), and appeared to do so in a dose-dependent fashion; further 

decreasing with increased concentration of dex. Apoptotic activity in the urogenital tract was 

seen in significantly fewer embryos treated with dexamethasone than controls (Figure 3-6, 

blue arrows). While 10 of 10 control embryos showed apoptosis in this area, not one of the 10 

embryos observed that were treated with 6.8 g/mL dexamethasone showed any signs of 

apoptosis in the urogenital tract (Appendix Table A2-3). 
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Figure 3-6: Treatment with dexamethasone caused decreased apoptosis in the olfactory placodes and in 
the urogenital tract at 72 hpf. Drug treated embryos stained with acridine orange showed decreased level of 
apoptosis in the olfactory placodes (pink arrows), in a dose-dependent fashion. Few treated embryos showed any 
sign of apoptosis in the urogenital tract (blue arrows), whereas all controls did. No differences in apoptotic 
activity could be seen around the eyes of controls and dexamethasone treated embryos. 
YS: Yolk sac, YSE: Yolk sac extension 

 

3.1.1.3 Western blotting 

To compare protein expression between treated embryos and controls, western blotting was 

used with antibodies directed against the proteins of interest. Tissue samples consisting of 10 

whole embryos were crushed and prepared for analysis. Extracts were loaded on a gel where 

proteins were separated by size trough gel electrophoresis, before being blotted to a 

membrane. Primary and secondary antibodies were then used to mark the protein of interest 

with fluorescence. The intensity of the staining depends on the amount of protein present, and 

can therefore be used as a measure of relative protein expression. To adjust for loading of 

samples, staining with anti-actin antibodies was done. Actin is a housekeeping-protein present 

in all eukaryotic cells, not believed to be influenced by the incubated drug (101). The relative 
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amount of actin present can therefore be used as an indication of the amount of sample loaded 

onto the gel.  

  

We wanted to use western blotting as a method to look for potential differences in 

proliferation and apoptosis in the dexamethasone treated embryos harvested at 24, 48 and 72 

hpf. In addition, we wanted to look for possible changes in the expression of the transcription 

factor Pax6. Phosphorylated Histone H3 (PH3) is associated with chromosome condensation 

prior to cell division, and the expression of PH3 can therefore be seen as a measure of 

proliferating cells (44). Apoptotic activity can be measured as expression of caspase-3, one of 

the effector caspases involved in apoptotic activity (38). Here, an antibody that recognizes 

both the inactive pro-caspase-3 and the active caspase-3 was used. Pax6 is a transcription 

factor important for embryo development, especially for eye and brain maturation. It is well 

conserved between species, and works high up in the regulatory ladder in humans, mice and 

zebrafish (76). The Pharmacology research group, Department of Pharmacy, University of 

Tromsø has worked extensively with this transcription factor, and since there are indications 

that Pax6 and glucocorticoids have effects on the same target genes, it was of interest to look 

for potential changes in Pax6 expression following dex treatment of zebrafish embryos (54, 

102). 

 

Western blotting was done on embryo extracts collected from two different experiments, and 

proliferation (expression of PH3), apoptosis (expression of caspase-3) and expression of Pax6 

was evaluated. The two experiments yielded quite different results (Figure 3-7 and Figure 

3-8). Dexamethasone in the concentrations used had little influence on the level of expression 

of any of the proteins in treated embryos compared to controls. Overall, the expression of 

PH3, pro-caspase-3 and active caspase-3 seemed to decrease over time (Figure 3-7, A-D and 

Figure 3-8, A-F), indicating a decline in both proliferation and apoptotic activity from 24 to 

72 hpf. In the first experiment, this was true also for expression of Pax 6 (Figure 3-7, E and 

Figure 3-8, G), but in the second experiment the expression pattern looked quite different 

(Figure 3-7, F and Figure 3-8, H). However, it still seems that Pax6 protein expression is 

inhibited by the highest dose of dex at 72 hpf in both experiments. 
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Figure 3-7: Western blots assessing expression of PH3, pro-caspase-3, caspase-3 and Pax6 in zebrafish 
embryos harvested at 24, 48 and 72 hpf, following treatment with dexamethasone. Possible differences in 
amount of sample put on the gel were adjusted for by using actin as a loading control. Band intensities were 
measured with Li-Cor Odyssey Sa 4.0 software (Section 2.2.6.5). Protein levels corrected for loading are here 
expressed relative to the control value at 24 hpf. For pro-caspase-3 and caspase-3 in experiment 1, actin did not 
give rise to a band for 24 hpf samples (C). Protein expression is therefore expressed relative to the control value 
at 48 hpf. Expected molecular weight of target proteins: PH3: 17 kDa, Pro-caspase-3: 32 kDa, Caspase-3: 17-20 
kDa, Pax6: 48 kDa, Actin: 42 kDa. 
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Figure 3-8: Illustration of relative expression of PH3, pro-caspase-3, caspase-3 and Pax6 in zebrafish 
embryos harvested at 24, 48 and 72 hpf, following treatment with dexamethasone. Visual presentation of 
relative band intensities calculated for western blots presented in Figure 3-7. Band intensities were measured 
with Li-Cor Odyssey Sa 4.0 software (Section 2.2.6.5). Protein expression has been corrected for loading, and is 
here expressed relative to the control value at 24 hpf. For pro-caspase-3 and caspase-3 in experiment 1 (C and 
E), actin did not give rise to a band for 24 hpf samples. Protein expression is therefore expressed relative to the 
control value at 48 hpf.  

 

3.1.2 2,2-amino acid derivative 161 

3.1.2.1 Mortality and visible morphological changes 

The novel antimicrobial 2,2-amino acid derivative 161 was tested in zebrafish embryos with 

the goal to assess toxicity and to estimate the concentration expected to kill 50 % of the test 

subjects (LC50). Two different experimental designs were used. Embryos were either treated 

with derivative 161 from 3.3 to 24 hpf (method A) or from 24 to 48 hpf (method B), and were 

then assessed with regard to survival and morphological changes compared to controls. In 

both method A and B, embryos were also observed at intervals for 3 hours after drug 

treatment was initiated to check for acute toxicity of the drug.  

 

3.1.2.1.1 Embryos obtained from zebrafish facility 

Method A 

No embryos died during the first 30 minutes of treatment. Control embryos never died during 

the first 3 hours following initiation of treatment. For embryos incubated in concentrations 

below 0.12 mg/mL, there were seldom observed more than a couple of deaths during the first 

3 hours after addition of derivative 161. With regard to acute toxicity, concentrations of 0.2 

mg/mL or above were critical. Embryos incubated in 0.2 mg/mL or higher concentrations of 
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the drug started to die approximately 1 hour following initiation of treatment (Figure 3-9, B). 

Then, about half of the embryos would perish during 10 minutes. After 3 hours of treatment, 

close to all embryos incubated in these high concentrations had died (Figure 3-9, C). 

 
Figure 3-9: Acute toxicity was observed approximately 1 hour after addition of derivative 161 in 
concentrations of 0.2 mg/mL or above. Approximately 50 % of embryos incubated in concentrations of 
derivative 161 equal to or higher than 0.2 mg/mL would die during a period of 10 minutes, approximately 1 hour 
following initiation of treatment (B). After 3 hours, close to all embryos would have died (C). No embryos in the 
control group ever died during the first 3 hours of treatment. A: Control after 1 hour of treatment. B-C: Embryos 
incubated in 0.25 mg/mL derivative 161 after 1 and 3 hours of treatment, respectively.  

 
 
 
Table 3-3 and Figure 3-10 summarizes method A experiments and mean mortality rates at 24 

hpf for the different concentrations of derivative 161 tested on embryos obtained from the 

zebrafish lab. Mortality was corrected for death in the control  group  using  Abbott’s  formula.  

Mortality rates varied quite a lot from experiment to experiment, especially for the middle 

concentrations of 161. Full details of the individual experiments can be seen in Appendix 

Table A1-4. Apart from a few irregular values, mortality as a function of drug concentration 

seems to be following the S-shaped curve typical for dose-response relationships  

(Figure 3-10). 
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Table 3-3: Overview of number of embryos treated and mean mortality rates for embryos incubated from 
3.3 to 24 hpf (method A) with increasing concentrations of derivative 161 

mg/mL 
161 

Number of  
experiments* 

Total n Mean 
Mortality (%) 

Corrected mean 
mortality (%)  STD 

0 5 450 7.20   
0.01 2 100 7.00  -1.11  1.57 
0.02 2 100 9.00  0.97  7.66 
0.03 2 100 14.00  6.38  9.03 
0.04 2 100 15.00  7.54  4.38 
0.05 5 450 11.54  4.64  5.02 
0.06 3 200 13.33  7.16  8.83 
0.075 5 450 26.60  20.84  7.35 
0.1 3 350 36.23  31.80  22.53 
0.12 3 350 74.90  73.14  2.00 
0.14 1 100 42.00 39.58 
0.16 3 350 78.67  77.34  11.07 
0.20 3 350 85.43  84.49  9.90 
0.22 2 250 100.00 100.00  0.00 
0.25 2 250 99.65 99.61  0.55 

STD: Estimated standard deviation 
Total n reflects the total of included embryos throughout the experiments.  
Mortality rates have been corrected for death in the control group using Abbotts formula 
*Experiments with mortality rate >20 % among controls were excluded from all calculations. See Appendix 
Table A1-4 for full details on each experiment. 
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Figure 3-10: Graphic presentation of mean mortality rates and estimated standard deviations after 
treatment with derivative 161 from 3.3 to 24 hpf, as presented in Table 3-3. Except from a few deviant 
values, mortality as a function of concentration seems to be following the typical sigmoid curve. 
* Based on one experiment only , ** Negative value due to lower mortality than in control group 
 
 

Based on mortality data corrected for control mortality from each individual experiment, a 

probit analysis was carried out (Figure 3-11). Probits of mortality were plotted against log 

concentration of derivative 161 (g/mL), and linear regression was used to generate a 

function expression. A probit of 5 corresponds to 50 % mortality, and so the log LC50 was 

derived from the linear function (Figure 3-11, blue dashed line). The LC50 was in this manner 

estimated to 0.109 mg/mL, with 95 % confidence limits of 0.105 – 0.112 mg/mL. This 

corresponds quite well with mean mortality data presented in Figure 3-10; an LC50 between 0.1 

and 0.12 mg/mL might be expected. Derivative 161 was weighed in as its trifluoroacetic salt 

when preparing drug solutions, and so the LC50 expressed as the molar concentration more 

correctly shows the toxic properties of the compound. The LC50 calculated for the salt when 

administered to zebrafish embryos from 3.3 to 24 hpf corresponds to 161 M of 2,2-amino 

acid derivative 161, with 95 % confidence limits from 155 to 181 M. 
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Figure 3-11: Probit analysis on mortality data from experiments where embryos were treated with 
derivative 161 from 3.3 to 24 hpf. A probit of 5 corresponds to 50% mortality, and solving for y=5, the log 
LC50 was found (blue dashed line). This was then transformed to yield an LC50 of 0.109 mg/mL, or 161 M.  
95 % confidence limits are shown in parenthesis. 

 
 
No visible morphological changes were identified in treated embryos compared to controls, 

(Figure 3-12). There were sporadic incidences of abnormal development, but this was not 

observed more often for treated embryos than for controls (Appendix Table A1-4). Electron 

microscopy of method B embryos (Section 3.1.2.2) revealed severe changes to the tail tissue 

of embryos treated with derivative 161. This region was therefore especially carefully 

examined, but no differences could be seen between drug treated embryos and controls 

through the dissecting microscope. Moreover, the length from the end of the yolk sac 

extension to the tip of the tail was measured on 10 randomly selected control embryos and 

embryos treated with 0.1 mg/mL 161, however no differences in tail length were found (Table 

3-4). 
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Figure 3-12: No visible morphological changes could be seen in embryos treated with derivative 161 from 
3.3 hpf compared to controls at 24 hpf. Controls are shown in photos to the left, treated embryos are to the 
right. 

 
 

Table 3-4: Average tail length at 24 hpf of controls and embryos treated with derivative 161 from 3.3 hpf, 
measured from the end of the yolk sac extension to the tip of the tail 
 

mg/mL 161 Number of embryos 
measured 

Mean length (m) 
 STD 

p-value 

0 10 73.93  4.43  
0.1 10 73.32  5.02 n.s 

STD: Estimated standard deviation  
Probability values given are for a two-tailed t-test 
n.s: Difference between treated group and controls is not significant ( = 0.05) 
 
 
Method B 

In method B, drug treatment of embryos was initiated at 24 hpf and stopped at 48 hpf. With 

regard to acute toxicity, concentrations equal to or above 0.3 mg/mL were critical. No 

embryos died during the first two hours of treatment. At concentrations from 0.3 to 0.5 

mg/mL, 25-50 % of embryos died during the third hour following treatment start. The 
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embryos´ tail tissue seemed to be most vulnerable to the drug, with tissue death occurring in 

this area prior to embryo death (Figure 3-13). Embryos would usually die within an hour of 

development of necrotic tails. All embryos incubated in concentrations equal to or below 0.25 

mg/mL were alive 3 hours following initiation of treatment. However, after 3 hours of 

treatment with derivative 161 in concentrations ranging from 0.175 to 0.25 mg/mL, there 

were typically a few (2-5) embryos showing tail tissue death. At concentrations below 0.175 

mg/mL, no changes could be seen between treated embryos and controls during the first 3 

hours of treatment. 

 

 
Figure 3-13: When treatment with high concentrations of derivative 161 was started at 24 hpf, the tail 
tissue seemed most vulnerable to the drug, and embryo tails typically became necrotic after 2-3 hours of 
treatment. Development of necrotic tail tissue (B) was usually followed by embryo death within an hour (C). 
Arrows indicate the tail of embryos. 
A: Control embryo 3 hours after initiation on drug treatment. B: Embryo treated with 0.2 mg/mL of derivative 
161 showing necrotic tail tissue, 3 hours after initiation of treatment. C: Embryo B 4 hours after initiation of 
treatment. The embryo is now dead. 

 

Table 3-5 and Figure 3-14 summarizes method B experiments done on embryos obtained 

from the zebrafish facility. Mean mortality rates for death occurring from start of experiment 

at 24 hpf to the end at 48 hpf are shown. As no control embryos died during the course of the 

experiments, it was not necessary to correct mortality rates using Abbott’s  formula. Full 

details on the individual experiments can be seen in Appendix Table A1-5. As was the case 

for method A experiments, mortality rates as a function of drug concentration follows a 

sigmoid curve (Figure 3-14). Embryos treated from 24 to 48 hpf were less sensitive to 

derivative 161 than embryos treated from 3.3 to 24 hpf, requiring higher drug concentrations 

to see effects. A drug concentration of 0.1 mg/mL, close to method A LC50 (0.109 mg/mL), 

produced no lethal effects in embryos when treatment was started at 24 hpf. This 

demonstrates that timing of drug exposure is critical for drug toxicity. 
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Table 3-5: Overview of number of embryos treated and mean mortality rates for embryos incubated from 
24 to 48 hpf (method B) with increasing concentrations of derivative 161 
 

mg/mL 161 Number of 
experiments 

Total n Mean mortality (%) 
 STD 

0 
0.1 

6 
2 

550 
100 

0.00  0.00 
0.00  0.00 

0.11 2 100 4.00  0.00 
0.12 2 100 1.00  1.41 
0.125 2 100 5.00  7.07 
0.13 2 100 6.00  0.00 
0.135 4 250 9.75  7.14 
0.14 2 100 13.00  1.41 
0.15 6 550 19.72  11.09 
0.175 4 450 27.83  24.08 
0.19 1 50 62.00 
0.20 4 450 49.10  8.27 
0.22 2 250 55.50  0.71 
0.25 2 250 89.50  0.71 
0.30 1 100 100.00 
0.40 1 100 100.00 
0.50 1 100 100.00 

STD: Estimated standard deviation 
Total n reflects the total of included embryos throughout the experiments 
See Appendix Table A1-5 for full details on each experiment 
 
 

 
Figure 3-14: Graphic presentation of mean mortality rates and estimated standard deviations after 
treatment with derivative 161 from 24 to 48 hpf, as presented in Table 3-5.  
* Based on only one experiment 
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An LC50 of 0.197 mg/mL with 95 % confidence limits from 0.194 to 0.201 mg/mL was 

estimated through probit analysis (Figure 3-15). Looking at the mortality data presented in 

Table 3-5 and Figure 3-14, we see that the mortality rate for embryos incubated in 0.19 

mg/mL 161 extends past 60 %, however this was based on only one experiment. Considering 

the other entries, the estimated LC50 looks reasonable. Expressed as the molar concentration 

of derivative 161, the estimated LC50 is equivalent to 292 M, with 95 % confidence limits 

from 287 to 298 M. 

 

 
Figure 3-15: Probit analysis on mortality data from experiments where embryos were treated with 
derivative 161 from 24 to 48 hpf. A probit of 5 corresponds to 50% mortality, and solving for y=5, the log LC50 
was found (blue dashed line). This was then transformed to yield an LC50 of 0.197 mg/mL, or 292 M. 95 % 
confidence limits are shown in parentheses.  

 

No visible morphological changes could be identified in embryos treated with derivative 161 

from 24 to 48 hpf (Figure 3-16). Only embryos that showed normal development at 24 hpf 

were eligible for inclusion in method B experiments, and no occurrence of malformed 

embryos were ever recorded (Appendix Table A1-5). Length measurements from the end of 

the yolk sac extension to the tip of the tail indicated truncation of the tail of embryos treated 

with high drug concentrations compared to controls (Table 3-6). Embryos incubated in 0.2 

mg/mL 161 generally showed shorter tails than controls. This however was not significant, 

possibly due to the small number of measured embryos. Embryos incubated in 0.25 mg/mL 

161 displayed significantly shorter tails than controls. 
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Table 3-6: Average tail length at 48 hpf of controls and embryos treated with derivative 161 from 24 hpf, 
measured from the end of the yolk sac extension to the tip of the tail 
 

mg/mL 161 Number of embryos 
measured 

Mean length (m) 
 STD 

p-value 

0 10 118.60  7.85  
0.15 10 118.56  3.28 n.s 
0.2 10 115.06  6.55 n.s 
0.25 10 112.13  5.64 < 0.05 

STD: Estimated standard deviation 
Probability values given are for a two-tailed t-test 
n.s: Difference between treated group and controls is not significant ( = 0.05) 
 
 

 
Figure 3-16: No visible morphological differences could be seen between embryos treated with derivative 
161 from 24 hpf to 48 hpf compared to untreated controls. Controls are shown in photos to the left, treated 
embryos are to the right. 
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3.1.2.1.2 Embryos obtained from fish held at ordinary lab 

Due to construction work at the zebrafish facilities, experiments were also conducted on 

embryos obtained from zebrafish kept in stand-alone tanks at the regular lab, under less 

controlled conditions than fish held at the zebrafish lab. Interestingly, quite different mortality 

data was obtained from these experiments, indicating that fish care is of importance when 

conducting embryo toxicity tests and assessing outcomes. Embryos treated with derivative 

161 both from 3.3 hpt to 24 hpf, and from 24 hpf to 48 hpf showed higher sensitivity to the 

drug under these conditions. Results were therefore analyzed separately from results obtained 

from testing on embryos from the zebrafish lab.  

Mortality rates for embryos incubated in various concentrations of derivative 161 are shown 

in Figure 3-17. Control embryos included in method A experiments showed a higher mean 

mortality rate than embryos from the zebrafish facility. Based on 3 experiments, the mean 

control mortality rate was 17.85 % with an estimated standard deviation of 3.72. Moreover, 

derivative 161 seemed to be more toxic to these embryos. Probit analysis yielded an LC50 of 

0.037 mg/mL, with a 95 % confidence interval of 0.033 – 0.041 mg/mL for embryos 

incubated in the drug from 3.3 to 24 hpf. Expressed as the molar concentration of derivative 

161, the estimated LC50 is equivalent to 55 M, with 95 % confidence limits from 49 to 61 

M. No control embryos died from 24 to 48 hpf. However, embryos did appear more 

sensitive to the drug also when treatment started at 24 hpf. Method B LC50 was estimated to 

0.126 mg/mL, with 95 % confidence limits of 0.122 – 0.131 mg/mL. This is equivalent to 187 

M of derivative 161, with a 95 % confidence interval from 181 to 194 M. 
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Figure 3-17: Mean mortality rates and estimated standard deviations for method A and B experiments 
conducted on embryos obtained from fish held in stand-alone tanks at the ordinary lab. These embryos 
showed higher sensitivity to 161 than embryos obtained from fish kept at the zebrafish facility. LC50 for method 
A was estimated to be 0.037 mg/mL, or 55 M, while LC50 for method B was estimated to 0.126 mg/mL, or 187 
M. 95 % confidence limits are shown in parenthesis. 
No. of exp.: Number of experiments conducted using the given drug concentration.  
Total n reflects the total number of embryos included throughout the experiments with the given drug 
concentration. 
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No other analysis such as western blotting or apoptosis assay was done on embryos obtained 

from fish held in stand-alone tanks at the ordinary lab. From here on out, only results from 

experiments conducted on embryos obtained from the zebrafish facilities will be discussed, 

unless otherwise specified. 

 

3.1.2.2 Electron microscopy 

To assess antimicrobial and anticancer effects of 2,2-amino acid derivatives similar to 

derivative 161, electron microscopy of drug treated bacterial and cancer cells has previously 

been conducted with success (91). We wanted to apply this method to zebrafish embryos as 

well, to further assess toxic effects of derivative 161. Field emission scanning electron 

microscopy (FE-SEM) was therefore used to take a closer look at embryo tissue morphology 

following treatment with derivative 161. Drug concentrations were selected based on the 

mortality data from method B experiments, and embryos were incubated in E3 or the elected 

concentrations from 24 to 25 hpf so that early effects could be detected. A drug concentration 

of 0.2 mg/mL, close to the estimated LC50 value for embryos incubated in derivative 161 from 

24 to 48 hpf, was chosen to look at acute effects of the drug prior to embryo death. In order to 

detect potential effects on embryos incubated in low concentrations of the drug that could not 

be detected through the dissecting microscope, 0.1 mg/mL, a concentration were no lethal 

effects or altered morphology compared to controls had been identified, was also elected. 

Embryos were incubated in the elected concentrations of derivative 161 for one hour before 

being fixated and prepared for FE-SEM. Control embryos were also prepared for analysis. 

Two embryos form each treatment group were evaluated, and the same effects were seen in 

both embryos from each group. 

 

Severe changes to tail tissue following treatment with 161 were revealed. The tails of treated 

embryos looked quite fragile compared to controls (Figure 3-18). Also, treated embryos 

displayed a more rounded tail tip than controls, as if the drug had caused extensive 

degradation of the tissue. This observation initiated the measurement of tail lengths of 161 

treated embryos (Section 3.1.2.1.1), which confirmed that embryos incubated in derivative 

161 from 24 to 48 hpf showed decreasing tail lengths with increasing drug concentrations. 

This corresponds with the tail rounding and shrinkage that is observed here.  
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Embryos incubated in 0.1 mg/mL derivative 161 for one hour displayed tails that much more 

resembled control embryo tails than embryos incubated in the higher drug concentration. 

However, the outer epithelial layer seemed to detach in sheets (Figure 3-18, orange arrows). 

Small protrusions were observed on the tissue surface (Figure 3-18, blue arrows). These may 

be an indication of wound repair, showing damaged cells that have been extruded from the 

tissue surface in order to protect underlying tissue (103). Embryos incubated in 0.2 mg/mL 

161 displayed higher tissue damage with thinner tails than controls. The outer layer of tissue 

seemed to have already detached completely, and very few blebs suggestive of wound healing 

were present.  

 
 

 
Figure 3-18: Use of FE-SEM revealed severe changes to embryo tail tissue following treatment with 
derivative 161. The outer tail tissue layer of embryos incubated in 0.1 mg/mL seemed to detach in sheets 
(orange arrows). Blebs that may suggest wound healing were also observed (blue arrows). Embryos incubated in 
0.2 mg/mL 161 displayed thinner tails than controls and less indications of wound repair than embryos incubated 
in the lower drug concentration. Treated embryos showed shorter, rounded and deformed tail tips.  
Exact magnification is given on each photograph. As it is not precisely the same in control pictures and 
photographs of treated embryos, direct comparison of size is difficult. 
YS: yolk sac, YSE: yolk sac extension 
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3.1.2.3 Apoptosis assay 

As for dexamethasone treated embryos, staining with acridine orange was used to assess 

apoptotic activity following treatment with derivative 161. For embryos treated with the drug 

from both 3.3 to 24 hpf and from 24 to 48 hpf, concentrations close to and below the 

estimated LC50 was chosen as concentrations at which to look for possible differences in 

apoptotic activity compared to controls. 10 embryos from each treatment group were 

evaluated. 

 
Method A 

Embryos incubated in 0.075 and 0.1 mg/mL 161 from 3.3 hpf were compared to control 

embryos with regard to apoptosis at 24 hpf. Apoptotic activity was observed in the epiphysis 

of a greater number of drug treated embryos compared to controls (Figure 3-19, orange 

arrows). Whereas only 2 of 10 control embryos showed apoptosis in this area, 8 of 10 

embryos treated with 0.1 mg/mL did (Appendix Table A2-4). Embryos in all treatment groups 

showed apoptotic cells in the olfactory placodes (Figure 3-19, pink arrows). However, most 

embryos treated with derivative 161 showed increased apoptotic activity in this area 

compared to controls (Appendix Table A2-4). Furthermore, a significant increase in apoptotic 

activity was also seen in the urogenital tract of treated embryos compared to controls (Figure 

3-21, blue arrows). Although all embryos, regardless of treatment group, showed apoptotic 

cells in this area, 9 of 10 embryos treated with 0.1 mg/mL of derivative 161 displayed a 

marked increase in apoptosis in the urogenital tract compared to controls (Appendix Table 

A2-4). The level of apoptosis in all of the affected tissues appeared to be dose-dependent, 

increasing in intensity with increasing concentrations of 161. No differences in apoptosis, 

apart from those in the urogenital tract, could be seen in the tail. 
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Figure 3-19: Early treatment with derivative 161 caused increased apoptosis in brain tissues and the 
urogenital tract at 24 hpf. Acridine orange staining showed that a greater number of embryos treated with 
derivative 161 from 3.3 to 24 hpf showed apoptosis in the epiphysis compared to the control group (orange 
arrows). Increased level of apoptosis was seen in the olfactory placodes (pink arrows) and in the urogenital tract 
(blue arrows) of treated embryos compared to controls. Differences in apoptosis seemed to be dose-dependent. 
E: eye, YS: yolk sac, YSE: yolk sac extension 

 
Method B 

Embryos incubated in 0.15 and 0.2 mg/mL of derivative 161 from 24 hpf were assessed with 

regard to apoptotic activity compared to controls at 48 hpf. No apoptosis was observed in the 

epiphysis at this time point. The increase in apoptotic activity in the olfactory placodes 

(Figure 3-22, pink arrows), and in the urogenital tract (Figure 3-22, blue arrows) observed for 

embryos treated with the drug from 3.3 to 24 hpf were seen here as well. Significantly more 

embryos treated with either concentration of derivative 161 showed increased level of 

apoptosis in these areas compared to controls (Appendix Table A2-5). When it comes to 

apoptotic activity in the tail, generally little, and no differences between treatment groups, 

were seen, which does not immediately correspond with FE-SEM results. 
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Figure 3-20: Treatment with derivative 161 from 24 to 48 hpf caused increased apoptosis in the olfactory 
placodes and the urogenital tract, similar to the effects seen at 24 hpf. Acridine orange staining showed a 
dose-dependent increase in apoptosis in both the olfactory placodes (pink arrows) and in the urogenital tract 
(blue arrows) following treatment with derivative 161 from 24 to 48 hpf. No differences in apoptotic activity 
could be identified in the tail region of treated embryos compared to controls (bottom panel). 
E: eye, YS: yolk sac, YSE: yolk sac extension 
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3.1.2.4 Western blotting 

As for dex treated embryos, we wanted to look at differences in proliferation (measured as the 

expression of PH3) and apoptosis (measured as the expression of active caspase-3) following 

treatment with derivative 161. Embryos incubated in drug concentrations around the LC50 

values were collected from two independent experiments, and western blotting was 

performed.  

 
Method A 

Embryos incubated in derivative 161 from 3.3 to 24 hpf showed a marked decrease in 

expression of PH3 compared to controls, indicating a reduction in proliferating cells (Figure 

3-21, A and C). A clear decrease in the expression of both pro-caspase-3 and active caspase-3 

was also observed in treated embryos compared to controls, indicating a reduction in 

apoptotic activity following treatment with derivative 161 (Figure 3-21, B, D and E). Except 

for a marked drop in expression of pro-caspase-3 for embryos incubated in the highest drug 

concentration, differences in expression of the proteins in question seemed small between 

embryos incubated in the different concentrations of derivative 161. 
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Figure 3-21: Western blotting of embryo extracts of embryos treated with derivative 161 from 3.3 to 24 
hpf showed indications of decreased proliferation and apoptosis following treatment. 
Possible differences in amount of sample put on the gel were adjusted for by using actin as a loading control. 
Band intensities were measured with Li-Cor Odyssey Sa 4.0 software (Section 2.2.6.5). Protein levels corrected 
for loading are here expressed relative to the control value in experiment 1 or 2. 
Expected molecular weights of target proteins: PH3: 17 kDa, Pro-caspase-3: 32 kDa, Caspase-3: 17-20 kDa, 
Actin: 42 kDa 

 
 
Method B 

Embryos incubated in derivative 161 from 24 to 48 hpf showed a small increase in 

proliferation, as measured by the expression of PH3, compared to controls (Figure 3-22, A 

and C). Treatment with the highest concentration of derivative 161 caused increased 

expression of both pro-caspase-3 and active caspase-3 compared to controls, indicating a 

higher level of apoptotic activity in these embryos (Figure 3-22, B, D and E). Embryos 

obtained from experiment 1 also showed increased expression of these two proteins after 

treatment with 0.2 mg/mL derivative 161. Embryos from both experiments incubated in the 

lower drug concentrations showed a clear decline in the level of apoptotic markers compared 

to controls. 
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Figure 3-22: Western blotting of embryo extracts of embryos treated with derivative 161 from 24 to 48 hpf 
showed indications of increased proliferation and apoptosis following treatment with high concentrations 
of the drug, while decreased expression of apoptotic markers were seen after incubation in lower 
concentrations. Possible differences in amount of sample put on the gel were adjusted for by using actin as a 
loading control. Band intensities were measured with Li-Cor Odyssey Sa 4.0 software (Section 2.2.6.5). Protein 
levels corrected for loading are here expressed relative to the control value in experiment 1 or 2. Expected 
molecular weights of target proteins: PH3: 17 kDa, Pro-caspase-3: 32 kDa, Caspase-3: 17-20 kDa, Actin: 42 kDa 
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3.2 Cell culture experiments 
In parallel with zebrafish experiments, experiments with dexamethasone were carried out in 

mammalian cell lines as a side project. Human lens epithelial cells and human glioblastoma 

cells were used. 

 

3.2.1 Western blotting - Human lens epithelial cells 
Use of glucocorticoids increases the risk of developing cataract and glaucoma, but the 

pathophysiology behind this remains largely unknown. Anirida, a hereditary disorder that 

displays hyperplasia of the iris, leads to formation of cataract and development of glaucoma 

in about 50 % of cases (78). The disorder have been linked to decreased activity of the PAX6 

gene (77, 78). As mentioned earlier, PAX6 is important for developmental processes of the 

eye and central nervous system, and abnormalities in many of these processes have been 

observed in mice with mutations of the Pax6 gene (104). We wanted to look into if human 

lens epithelial (B3) cells treated with dexamethasone would show decreased expression of 

PAX6. We also wanted to see if treatment with dexamethasone would influence cell 

proliferation (expression of PH3) and apoptosis (expression of caspase-3). Expression of 

serum- and glucocorticoid-inducible kinase-1 (SGK-1) was also evaluated. SGKs are a family 

of kinases that consists of three isoforms, which regulate the activity of many enzymes and 

transcription factors, and may play an active role in the pathophysiology of numerous diseases 

(105, 106). The name arises from the fact that both serum and glucocorticoids stimulate 

transcription of SGK-1 (105). In the eye, SGK-1 promotes activation of epithelial sodium 

channels that are essential for production of aqueous humor and preservation of intraocular 

pressure (IOP) (107). Increased IOP is a major risk factor for developing glaucoma, and is 

commonly seen after administration of glucocorticoids (73). SGK-1 was recently identified as 

a target gene downregulated by PAX6 in a pancreatic cell line (108). Because expression of 

SGK-1 is potentially regulated by both PAX6 and glucocorticoids, it was included here. 

 

B3 cells were treated with 0.1 or 1.0 M dexamethasone, and harvested for protein analysis 4, 

20 or 72 hours following initiation of treatment. Controls were incubated in cell culture 

medium containing solvent (PBS). This was repeated so that western blotting could be carried 

out on cell extracts harvested from two independent experiments. 
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Results were very variable and difficult to reproduce (Figure 3-23 and Figure 3-24). Band 

intensities generally increased over time, but expression of the different proteins were for the 

most part not very different from time point to time point or between treatment groups when 

adjusted for loading. Although most results were not similar in the two experiments, 

exceptions were expression of PH3 and caspase-3 after 72 hours of drug treatment. 

Experiment 2 indicated a marked overall increase in proliferation over time, and a clear 

reduction in proliferation after dex treatment for 72 hours (Figure 3-23, B and Figure 3-24, 

D). Also in experiment 1, reduced expression of PH3 was seen for cells treated with dex for 

72 hours compared to controls (Figure 3-23, A and Figure 3-24, C). The overall expression of 

active caspase-3 also increased over time in experiment 2, and apoptotic activity after 72 

hours of treatment were clearly reduced in dex treated cells compared to controls (Figure 

3-23, D and Figure 3-24, J). A small decrease in the marker for apoptosis was also seen in 

cells from experiment 1 treated with dex for 72 hours (Figure 3-23, C and Figure 3-24, I). 

Although the antibody used should recognize both pro-caspase-3 and active cspase-3, no 

bands were identified where pro-caspase-3 was expected to be seen (32 kDa) in either blot. 

Surprisingly, treatment with dexamethasone had very little influence on the expression of 

SGK-1, and in some cases even led to decreased expression in dex treated cells compared to 

controls (Figure 3-23, C-D and Figure 3-24, E-F). Incubation with dex also had little effect on 

expression of PAX6, but a reduction in expression was seen after 72 hours of treatment in the 

second experiment (Figure 3-23, B and Figure 3-24, B). 
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Figure 3-23: Western blots assessing expression of PAX6, PH3, SGK-1 and caspase-3 in human lens 
epithelial cells harvested after 4, 20 and 72 hours of treatment with dexamethasone. Possible differences in 
amount of sample put on the gel were adjusted for by using actin as a loading control. Band intensities were 
measured with Li-Cor Odyssey Sa 4.0 software (Section 2.2.6.5). Protein levels corrected for loading are here 
expressed relative to the control value after 4 hours of treatment. Expected molecular weight of target proteins: 
Pax6: 48 kDa, PH3: 17 kDa, SGK-1: 50-55 kDa, Caspase-3: 17-20 kDa, Actin: 42 kDa. No bands corresponding 
to pro-caspase-3 (32 kDa) showed up on the blots. 
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Figure 3-24: Illustration of relative expression of PAX6, PH3, SGK-1 and caspase-3 in human lens 
epithelial cells harvested after 4, 20 and 72 hours of treatment with dexamethasone. Visual presentation of 
relative band intensities calculated for western blots presented in Figure 3-23. Protein expression has been 
corrected for loading, and is here expressed relative to the control value after 4 hours of treatment. Band 
intensities were measured with Li-Cor Odyssey Sa 4.0 software (Section 2.2.6.5). 

 

3.2.2 Western blotting - Human glioblastoma cells 
The most common primary malignant brain tumor in adults, glioblastoma multiforme (GBM), 

is highly invasive and nearly always results in death shortly after diagnosis (104, 109). PAX6 

has been shown to suppress GBM cells´ capability of causing tumors (104). Reduction of 

PAX6 expression is often seen in GBM cells, which may be why this type of cancer usually is 

so invasive (109). Many GBM patients receive dexamethasone to treat cerebral edema and 

relieve symptoms (110). However, it has been suggested that administration of 

dexamethasone may have a negative effect on survival (111). As increased activity of PAX6 

seems to have a positive effect on GBM prognosis, while dexamethasone has been suspected 

to influence prognosis in a negative fashion, we wanted to investigate if treatment of human 

glioblastoma (U251) cells with dexamethasone would lead to reduced expression of PAX6. 

We also wanted to see if treatment with dexamethasone would influence proliferation (PH3), 

apoptosis (active caspase-3) and expression of SGK-1. As previously mentioned, SGKs are 

involved in many physiological and pathophysiological processes. They have been implied as 

important factors for cell proliferation, survival and migration, which are all key 

characteristics for cancer cells (106). 
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U251 cells were treated with 0.1 or 1.0 M dexamethasone, and harvested for protein analysis 

4, 20 or 72 hours following initiation of treatment. Controls were incubated in cell culture 

medium containing solvent (PBS). This was repeated so that western blotting could be carried 

out on cell extracts harvested from two independent experiments. Also here, results from the 

two experiments were inconsistent (Figure 3-25 and Figure 3-26). PAX6 was not detected 

after 4 or 20 hours of treatment in either experiment, but gave rise to a small band after 72 

hours, possibly because a greater amount of sample was applied to the gel, as shown by 

stronger actin bands after 72 hours (Figure 3-25, A-B and Figure 3-26, A-B). However, no 

differences could be seen between dex treated cells and controls. Generally, there appeared to 

be small and non-systematic differences in proliferation and apoptosis, both between 

treatment groups and between the different time points, but indications of decreased apoptotic 

activity was seen after 20 and 72 hours of treatment in experiment 2 (Figure 3-25, D and 

Figure 3-26, H). No bands corresponding to pro-caspase-3 could be identified. Expression of 

SGK-1 was not induced by dexamethasone in this cell line either (Figure 3-25, C-D and 

Figure 3-26, E-F).  
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Figure 3-25: Western blots assessing expression of PAX6, PH3, SGK-1 and caspase-3 in human 
glioblastoma cells harvested after 4, 20 and 72 hours of treatment with dexamethasone. Possible differences 
in amount of sample put on the gel were adjusted for by using actin as a loading control. Band intensities were 
measured with Li-Cor Odyssey Sa 4.0 software (Section 2.2.6.5). Protein levels corrected for loading are here 
expressed relative to the control value after 4 hours of treatment. For PAX6, no bands were visible after 4 or 20 
hours of treatment, and protein expression is therefore expressed relative to the control value at 72 hours (A-B). 
Expected molecular weight of target proteins: Pax6: 48 kDa, PH3: 17 kDa, SGK-1: 50-55 kDa, Caspase-3: 17-20 
kDa, Actin: 42 kDa. No bands corresponding to pro-caspase-3 (32 kDa) showed up on the blots. 
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Figure 3-26: Illustration of relative expression of PAX6, PH3, SGK-1 and caspase-3 in human 
glioblastoma cells harvested after 4, 20 and 72 hours of treatment with dexamethasone. Visual presentation 
of relative band intensities calculated for western blots presented in Figure 3-25. Band intensities were measured 
with Li-Cor Odyssey Sa 4.0 software (Section 2.2.6.5). Protein expression has been corrected for loading, and is 
here expressed relative to the control value after 4 hours of treatment. For PAX6, no bands were visible after 4 or 
20 hours of treatment, and protein expression is therefore expressed relative to the control value at 72 hours (A-
B). 
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4. DISCUSSION 

4.1 Summary of results 
Using the zebrafish as a model system, the safety profile of two different drugs when 

administered to zebrafish embryos for up to three days were assessed. Zebrafish embryos 

treated with dexamethasone until 48 or 72 hpf showed a significant increase in the incidence 

of malformations compared to controls, and staining with acridine orange revealed altered 

apoptotic activity in brain tissues and the urogenital tract of dex treated embryos. Two 

different LC50-values for 2,2-amino acid derivative 161 were estimated for embryos treated 

with the drug from 3.3 to 24 hpf compared to treatment from 24 to 48 hpf, revealing that 

embryos were more sensitive to the drug at earlier stages of development. Truncation of the 

tail and damage to tail tissue were seen after treatment with derivative 161. Staining with 

acridine orange showed increased apoptosis in brain tissues and in the urogenital tract of 

embryos treated with derivative 161. Western blots of whole embryo extracts of embryos 

treated with dex or derivative 161 gave somewhat conflicting results, either with regard to 

repeatability or compared to results from acridine orange staining.  

 

A side project was carried out in two different mammalian cell lines, human lens epithelial 

cells and human glioblastoma cells. Western blots were done to look at apoptosis, 

proliferation and expression of PAX6 and SGK-1 following dexamethasone treatment, but it 

was difficult to see any clear effects. Here, methods used in the project and results will be 

discussed in detail. 

 

4.2 Zebrafish experiments 
4.1.1 Zebrafish husbandry and egg quality 

Due to construction work at the zebrafish facilities, some of the 2,2-amino acid derivative 

161 experiments were carried out on fish held at the ordinary lab. Presumably, these fish were 

kept under sub-optimal conditions. Since embryos obtained from the ordinary lab seemed to 

be more sensitive to the drug than embryos whose parents were kept at the zebrafish lab, 

results were analyzed separately. The LC50 values estimated for derivative 161 when embryos 

form the ordinary lab were used, were much lower than those estimated for the drug when 
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embryos from the zebrafish facility were used. Although few replicates for each test 

concentration was carried out using embryos from the ordinary lab, it indicates that zebrafish 

husbandry is of great importance for the outcome of toxicity tests. Mortality in the control 

group was higher for these embryos, indicating eggs of lesser quality. It is known that sub-

optimal water temperature, pH and conductivity can affect the quality of eggs laid by the 

zebrafish females (17). Furthermore, it is possible that the stress of being moved to a different 

location also influenced the quality of the eggs laid by the females. Another possible 

explanation of increased sensitivity to the drug could be increased permeability of the chorion 

or of the embryos themselves. As such, it is plausible that the high sensitivity to 161 observed 

in embryos obtained from the ordinary lab can be ascribed to other factors than the drug itself. 

Consequently, derivative 161 appeared much more toxic than actually was the case. This 

highlights the importance of correct fish care if results from toxicity assays done at separate 

zebrafish facilities are to be compared. From here on out, only results obtained from 

experiments using zebrafish kept at optimal conditions will be discussed. 

 

4.1.2 Drug administration 
The desired concentration of the drug to be tested was prepared using E3 as solvent. Solutions 

of dexamethasone were stored protected from light at 4°C, and were given a shelf life of four 

weeks. This was done based on normal practice in the lab, but according to Sigma Aldrich, 

information on the durability of dex solutions kept at 4°C is lacking (112). Therefore, it is 

possible that the dex concentration was not constant during these four weeks. Stock solution 

of 2,2-amino acid derivative 161 was prepared and divided into aliquot parts, before being 

stored at -20°C. Dexamethasone solutions and stock solutions of derivative 161 had to be 

remade several times during the course of the experiments. Vials of derivative 161 stock 

solution were thawed as needed, and diluted to the desired concentration. Exact drug 

concentrations were not measured in either stock or test solutions, and it is likely that they 

varied slightly. Furthermore, embryos were incubated in E3 until initiation of treatment. E3 

was then removed from the wells by suction, and the desired drug solution was added. 

Obviously, some residue of E3 remained after removal, which could further have affected the 

drug concentration. Alas, the concentration of dex and derivative 161 were never exactly the 

same in each well or in each test. 
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Drug treatment was initiated at either 3.3 or 24 hpf. All embryos had intact chorions at time of 

treatment start. It is likely that results would have been different, especially for testing of 161 

due to the high concentrations used, if embryos had been dechorionated before treatment 

began. It has been discussed that the chorion might be a barrier for embryo exposure to 

chemicals (113). The chorion has been reported to restrict uptake of large and lipophilic 

molecules such as polymers and surfactants (114, 115). However, it is not advisable to 

remove the chorion of zebrafish embryos younger than 24 hours (113). In this project, fairly 

small molecules (molecular weight < 500 Da) have been used, but it is still difficult to predict 

whether, and to what extent, the chorion has functioned as a barrier for drug penetration. It is 

also problematic to assess the amount of drug that has been absorbed by the embryo itself, 

and hence what dose of drug the embryo has received. 

 

4.1.3 Mortality and visual morphological changes 
Scoring for mortality was quite straightforward and easy to get right; either the embryo was 

dead, characterized by an opaque appearance, or it was not. Scoring for morphological 

changes on the other hand, required subjective evaluations. During the visual assessment, it 

was known at which drug concentration each well of embryos had been incubated. Thus, the 

possibility of biased evaluations cannot be excluded. To minimize the risk of this, the 

experiments could have been blinded so that the person doing the assessment had no 

knowledge of the drug concentrations used. In this project this was not feasible to arrange due 

to practical and temporal limitations. However, the malformations recorded were quite 

obvious traits, and all individuals, regardless of treatment group, were scrutinized. It is 

therefore considered probable that the recorded differences between treatment groups reflect 

real effects of the drug treatments. 

 

4.2.1.1 Dexamethasone 

Zebrafish embryos were incubated in 0.68 and 6.8 g/mL dexamethasone, and assessed at 24, 

48 and 72 hpf. Mortality rate did not differ from treatment groups and controls. At all time 

points, the rate of malformations or otherwise abnormal development increased with 

increasing concentrations of the drug. The increase was significant between treatment groups 

and controls at 48 and 72 hpf. The most common malformations observed were yolk sac 



 
73 

edema, pericardial edema, abnormal body axis curvature and kinked tail. This corresponds 

well with what others have described after treating zebrafish embryos with dexamethasone 

(116). In addition to the mentioned malformations, Hillegass and co-workers have also 

reported craniofacial changes and significant decreased embryo body length after exposure to 

dexamethasone. However, this was only seen for embryos treated with 100 g/mL of the drug 

(116). In this project, no differences to the cranium were observed. Differences in body length 

were not seen either. Then again, only 10 embryos from each treatment group were measured, 

and much lower concentrations of the drug were used. 

 

4.1.3.1 2,2-amino acid derivative 161 

Zebrafish embryos were treated with derivative 161 from 3.3 to 24 hpf (method A) or from 24 

to 48 hpf (method B). The two different methods gave rise to an LC50 for the peptide of 161 

M and 292 M, respectively, indicating that embryos are more sensitive to the compound at 

earlier stages of development. This was as expected, as the zebrafish embryo at 3.3 hpf 

largely consists of dividing cells, making the embryo more vulnerable to chemical exposure 

(117). At 24 hpf, organogenesis of major organs has been established, and the embryo is not 

as sensitive to toxic effects anymore. Both LC50 values are well above the minimum 

inhibitory concentrations of derivative 161 previously measured against multi-resistant 

bacterial strains, as well as the half maximum inhibitory concentration measured against 

Ramos (Human Burkitt´s lymphoma) cells, see Table 4-1 (91). Although a little lower, 

estimates of LC50 from the zebrafish experiments done in this project are also in accordance 

with early toxicity assessments of derivative 161, where toxicity was measured as hemolytic 

activity against red blood cells (RBCs) (91). 

 
 
Table 4-1: Results from previous studies of derivative 161 (91) 
 

Antimicrobial activity Toxicity Anticancer activity 
MIC (M) EC50 (M) IC50 (M) 

MRSA 
7.4 

MRSE 
15 

S. aureus 
15 

E. coli 
52 

RBC 
425 

Ramos 
7.1 

MRSA: Methicillin resistant S. aureus, MRSE: Methicillin resistant S. epidermis, RBC: Red blood cells 
MIC: Minimum inhibitory concentration of antimicrobial growth 
EC50: Half maximum effective concentration 
IC50: Half maximum inhibitory concentration 
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The mortality rates for the different concentrations of 161 varied quite a lot from experiment 

to experiment. It is known that dead embryos influences neighboring embryos in a negative 

fashion (98). Furthermore, different batches of embryos show variations in their sensitivity to 

chemicals (11). It is therefore possible that a combination of these two aspects is the reason 

for the somewhat inconsistent mortality rates. In experiments were some embryos by chance 

were more sensitive to chemical exposure, this could have set off a chain-reaction of embryo 

death, further inducing death in the surrounding environment. To eliminate the risk of dead or 

dying embryos promoting further embryo death within the well, embryos could have been 

kept in separate wells. In this project, such procedure was considered too time consuming, 

and hence 6-well plates were used, with about 50 embryos per well. 

 

No visible morphological changes of treated embryos compared to controls could be seen 

through the dissecting microscope. However, measurements of embryo tail length showed a 

significant decrease compared to controls for embryos incubated in 0.25 mg/mL 161 from 24 

to 48 hpf. There seemed to be a reduction in tail length at lower concentrations as well, but 

this was not significant compared to controls. However, measurements were done in 

retrospect, and only 10 embryos from each treatment group were measured. Thus, 

significance required very large differences between the groups, and it is therefore possible 

that significant effects on tail length would have been seen also at lower concentrations had 

more embryos been available for measurement.  

 

4.1.4 Electron microscopy 
Embryos treated with derivative 161 from 24 to 25 hpf showed severe changes to the tail 

tissue compared to controls when viewed by field emission scanning electron microscopy 

(FE-SEM). As described in section 3.1.2.1, embryos treated with high concentrations of 

derivative 161 regularly displayed tissue death in this area that could be identified through the 

dissecting microscope after about 2-3 hours of treatment. This correlates well with the 

observations done with FE-SEM, and indicates that absorption of the drug is higher in the tail 

area. A plausible explanation for this could be that the tissue is thinner in the tail, and easier to 

penetrate than tissue elsewhere on the embryo. It is however important to note that whereas 

embryos usually were exposed to derivative 161 with their chorion intact, embryos intended 

for observations with FE-SEM were dechorionated before treatment began. This will probably 
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have increased the uptake of the drug (113). Small blebs were identified on the tail tissue 

surface of treated embryos. These may be an indication of wound repair, showing damaged 

cells that have been extruded from the outer epithelial layer to protect underlying tissue. 

Morash and co-workers have observed similar protrusions, followed by neighboring cells 

migrating to the lesion sites to do damage control after administration of cancer selective 

antimicrobial peptides (103). They also investigated if tail tissue degeneration was due to 

apoptosis or ischemic cell death, and found that it was a combination of both (103).  

 

4.1.5 Apoptosis assay 
The risk of introducing bias is substantial with assessment of apoptotic activity through 

staining with acridine orange. If apoptotic activity is observed in the same areas in both 

controls and treated embryos, but the level of apoptosis appears different, it can be hard to 

quantify these differences. To do so, one would have to count the number of apoptotic cells in 

the area in question, but due to considerable individual variations in apoptotic activity 

between embryos, this would require a great number of observations for statistic significant 

differences to be found. Furthermore, such a time consuming process is not very suitable due 

to the fact that the level of fluorescence diminishes over time when exposed to light. In this 

project, only ten embryos per treatment group were assessed with regard to apoptosis, and 

results are based on subjective evaluation of fluorescence level rather than counted numbers 

of cells stained with acridine orange. For execution of future experiments, an automatic 

assessment of the relative fluorescence of larger pools of embryos using digital image 

analysis, as described by Tucker and Lardelli, could be considered (118). 

 

4.2.1.2 Dexamethasone 

At 24 hpf, a significantly larger number of dex treated embryos showed a small cluster of 

apoptotic cells in the epiphysis compared to the control group, where this was absent in most 

individuals. As apoptosis in this area at 24 hpf has been reported as part of normal 

development for zebrafish embryos, this was somewhat puzzling (119). Due to the small 

number of individuals evaluated, it is of course possible that the observed difference between 

treatment groups simply reflected individual variations around a normal process and could not 

be ascribed to effects of the drug.  
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At 48 hpf, there appeared to be an increase in the level of apoptosis around the eyes of dex 

treated embryos compared to controls. Apoptotic activity in the retina of normally developing 

zebrafish embryos has been reported to peak at 36 hpf, followed by a considerable decline by 

48 hpf, and it has been suggested that the apoptosis may occur to create space for the growth 

of retinal ganglion cell axons (119). Glucocorticoids are known to induce retinal toxicity and 

cell death in other animals, but this appears to be through non-apoptotic mechanisms (120). 

More embryos would have to be assessed in order to conclude anything on the matter, but 

assuming that the observed difference in apoptotic activity between dex treated embryos and 

controls reflects reality; what would that mean? Either zebrafish embryos are sensitive to 

dexamethasone, responding with increased apoptosis around the eyes, or one could speculate 

if the increased apoptosis seen around the eyes of dex treated embryos could be due to 

delayed development. If normal apoptotic activity around the eyes of embryos follows the 

same pattern as retinal apoptosis, apoptotic activity in this area might already have peaked at 

36 hpf and declined by 48 hpf for controls, whereas drug treated embryos lag behind in the 

developmental process and as such have just reached the height of apoptotic activity in this 

area. As mentioned, further experiments would be needed to test this notion, and it would also 

be necessary to evaluate apoptosis at 36 hpf to see if there actually is a peak in apoptotic 

activity around the eyes of normally developing embryos at this stage of development. 

 

Both at 48 and 72 hpf, dex treated embryos showed decreased level of apoptosis in the 

olfactory placodes and in the urogenital tract compared to controls. Placodes are specialized 

tissue that develop into sensory neurons of the olfactory organ (121). From 22 hpf and 

onwards, immature sensory neurons are normally eliminated from the developing olfactory 

organ by apoptosis (119). Around the time of observation, normally developing embryos 

would also be expected to show apoptosis in the urogenital tract as this is important for 

opening up the urinary system to the outside environment (119). The observed decrease in 

apoptosis in these areas for dex treated embryos compared to controls can therefore possibly 

be an indication of reduced recognition and control of cells that should be eliminated.  
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4.1.5.1 2,2-amino acid derivative 161 

As seen after dex treatment, apoptotic activity was observed in the epiphysis of a greater 

number of embryos treated with derivative 161 than in the control group at 24 hpf. Again, this 

was surprising as apoptotic activity in this region is associated with normal development, and 

was therefore expected to be seen in control embryos as well (119). At both 24 hpf (method 

A) and 48 hpf (method B), embryos treated with derivative 161 showed increased levels of 

apoptosis in the olfactory placodes and the urogenital tract compared to controls. This 

corresponds well with changes in apoptotic activity observed after administration of similar 

2,2-amino acid derivatives in a previous project (122). Very little apoptotic activity was 

detected in the tail, and no differences were seen between treatment groups. On one hand, this 

might indicate that the tissue damage detected with FE-SEM is not apoptotic. On the other, 

the apoptosis assay was done at 48 hpf after 24 hours of drug treatment, while assessment 

using FE-SEM was done after only one hour of treatment. Apoptotic activity can therefore not 

be excluded as responsible for damage to tail tissue observed in treated embryos; it could 

simply be a rapid response that is no longer seen at the time of apoptosis assay. It is also 

possible that damage to the tail tissue is a combination of both apoptotic and non-apoptotic 

events, which would correspond with what others have reported following administration of 

similar peptides to zebrafish embryos (section 4.1.4) (103). 

 

4.1.6 Western blotting 
The technique of western blotting is a fairly quick way to assess protein expression, and it 

allows easier quantification than in situ techniques. However, it does not provide any 

information as to where differences in expression are located. For instance, when assessing 

apoptotic activity through acridine orange staining, it has the advantage that localization of 

apoptotic cells becomes evident. This is completely lost when apoptosis is assessed through 

western blotting and staining with caspase-3 antibodies. In this project, extracts of 10 crushed 

whole embryos were used for western blotting. Having demonstrated through apoptosis assay 

that apoptotic cells amount to only a very small portion of the total cell count and that only 

small differences in apoptotic activity could be seen following treatment with either dex or 

derivative 161, local differences in expression of active caspase-3 between treated embryos 

and controls may be drowned in the overall body expression. This probably holds true for all 

proteins whose expression was assessed in this project; a substantial change in expression 
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must be present for differences to become evident. Furthermore, individual differences 

between embryos may also cloud the image. Therefore, tissue extracts used for western 

blotting should be based on many more embryos in future experiments. Also, it could be 

beneficial to use smaller tissue sections instead of whole embryos. For instance, if potential 

differences in protein expression in the embryo brain of treated embryos compared to controls 

are of the most interest, embryo heads can be separated from the rest of the body so that only 

cut-off heads make up the tissue extract used for analysis. 

 

3.2.2.1 Dexamethasone 

Two rounds of western blotting was done, using embryos obtained from two separate 

experiments, and proliferation (measured as expression of PH3), apoptosis (measured as 

expression of caspase-3) and expression of Pax 6 was assessed. The two rounds yielded quite 

different results, and few conclusions regarding protein expression can be drawn. The only 

reproducible outcomes were that the overall expression of all proteins assessed seemed to 

decrease over time, and that dexamethasone in the concentrations used had little influence on 

the level of expression in treated embryos compared to controls. This may be due to the low 

drug concentrations applied. Although our original intention was to treat embryos with 10 and 

100 g/mL dex, concentrations used were much lower, namely 0.68 and 6.8 g/mL (Section 

2.2.2.2). However, based on the assumption that the average human have a body volume of 

60-70 L, the doses for humans which would roughly correspond to the incubation 

concentrations used in this project for zebrafish embryos are still considerably higher than 

what is normally administered to patients in the clinic, where doses usually lie in the range of 

0.25-20 mg daily (Table 4-2) (123). Of course, this is a very simplified calculation that does 

not take in to consideration the actual plasma or tissue concentrations of dex in the embryos 

or ADME characteristics of the drug once administered to humans. Still, it indicates that the 

concentrations used are biological relevant even though previous studies have been based on 

higher treatment concentrations. 

 
Table 4-2: Dexamethasone concentrations used in this project an their corresponding human dose, based 
on a very rough estimate 

Incubation concentration of dex (g/mL) Roughly corresponding human dose (mg) 
0.68 40.8 – 47.6 
6.8 408 – 476 
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4.1.6.1 2,2-amino acid derivative 161 

Protein analysis of embryos treated from both 3.3 to 24 hpf and from 24 to 48 hpf from two 

separate experiments showed much more reproducible effects than was seen after treatment 

with dexamethasone. Drug concentrations that to a much higher degree influenced embryos 

were used, the highest concentrations being greater than the LC50 values, underlining that the 

very variable effects seen after dex treatment might indeed be due to the fact that too low 

concentrations were used. Embryos treated with derivative 161 from 3.3 to 24 hpf showed a 

marked decrease in expression of PH3 compared to controls, indicating reduced cell 

proliferation. Embryos treated from 24 to 48 hpf however, displayed a small increase in PH3 

expression compared to controls. Possibly, this could be a result of wound healing events of 

lesions to for instance the tail region, as observed by FE-SEM. As mentioned earlier, the 

zebrafish embryo at 3.3 hpf consists largely of dividing cells, and is therefore more sensitive 

to chemical exposure. It might be possible that coping mechanisms when exposed to stress 

differ at different time points in the embryogenesis, so that embryos exposed to derivative 161 

during early development responds with reduced proliferation, while embryos that are older at 

time of exposure responds by trying to mend the damages inflicted by the drug. Levels of pro-

caspase-3 and active caspase-3 were reduced in early treated embryos (method A) compared 

to controls, suggesting less apoptotic activity. Also later treated embryos (method B) showed 

reduced expression of active caspase-3 compared to controls for some of the drug 

concentrations used. This is contradictive of apoptosis assay results obtained in vivo in 

zebrafish embryos stained with acridine orange, were increased apoptosis in the olfactory 

placodes and urogenital tract was observed following treatment with the same drug 

concentrations. Again, this demonstrates the need for alterations to the methods used, such as 

using smaller tissue sections when doing western blots, and including more embryos both in 

western blotting and acridine orange staining.  

 

4.2 Cell culture experiments 
Glucocorticoid treatment is a risk factor for glaucoma and cataract (72, 73). Anirida, a 

hereditary disorder known to lead to these eye maladies have been linked to decreased activity 

of PAX6 (77, 78). We therefore wanted to investigate if human lens epithelial (B3) cells 

treated with dexamethasone would show decreased expression of PAX6. This transcription 

factor has also been linked to cancer outcome; increased activity of PAX6 seems to have a 
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positive effect on glioblastoma patients prognosis (109). In this regard, dexamethasone has 

been suspected to influence prognosis in a negative fashion (111). Again, we wanted to see 

how dexamethasone treatment of human glioblastoma (U251) cells would affect expression 

levels of PAX6. We also checked to see if treatment with dexamethasone would influence 

expression of SGK-1, caspase-3 and PH3 in either cell line. 

 

Western blots of protein extracts from both B3 and U251 cells gave very variable results that 

were hard to reproduce for all proteins looked at. Disappointingly, dex treatment seemed to 

have very little or no effect on the level of expression of PAX6 in either cell line. Indications 

of reduced expression following dex treatment for 72 hours was seen for B3 cells in 

experiment 2, but not in experiment 1.  

 

For serum- and glucocorticoid inducible kinase 1 (SGK-1), we had expected, as the name 

implies, to see increased levels of this protein after dex treatment. This was not seen in either 

B3 or U251 cells, and one can therefore question if dex stimulation of the cells were at all 

achieved. It is of course possible that the SGK-1 protein were not expressed in the cells we 

worked with. However, increased transcription of SGK-1 mRNA has been reported in B3 

cells following exposure to dex, so this seems unlikely for at least one of the cell lines (124). 

Another explanation for the apparent absence of increased SGK-1 expression after dex 

treatment might be that the antibody, which the lab had little previous experience with, did 

not work, and that the bands we interpreted as SGK-1 were actually unspecific stained bands 

of a different protein. 

 

For B3 cells, no reproducible differences were seen in apoptotic activity (caspase-3) and 

proliferation (PH3) after treatment with 0.1 or 1 M dex for 4 or 20 hours. This corresponds 

with what Gupta and co-workers have reported after treatment for 12 hours with equal and 

higher concentrations of dex (74). After 72 hours of treatment however, there seemed to be a 

small decrease in both apoptosis and proliferations for treated cells compared to controls. 

Nevertheless, the experiments need to be repeated to confirm this. It would also be interesting 

to study cells treated for a longer time period, as effects to the lens are usually only seen after 

long-term use of glucocorticoids (72, 73). 
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For U251 cells, only small and non-systematic effects on apoptosis and proliferation could be 

seen following treatment with dex. Reduced cell proliferation have previously been reported 

for other glioblastoma cell lines following dex treatment (125). In this project, signs of 

reduced expression of PH3 for treated cells could be seen at some of the time points. 

However, the two experiments varied in this regard, and additional studies are needed to 

investigate if dex indeed does influence U251 proliferation. Glioblastoma cells harvested 

from the second incubation experiment in this project, showed decreased apoptotic activity 

with increasing concentrations of dex after 20 and 72 hours of treatment. This corresponds 

with other reports that treatment with dexamethasone inhibits apoptosis of glioma cells (126). 

However, further experiments would be needed to confirm this. 

 
 

4.3 Future perspectives 
Although the zebrafish has been established as an attractive model for drug safety studies, and 

much is already known about the species, additional knowledge is needed to further develop 

the model system.  Although many known human effects of drug exposure can be reproduced 

in the zebrafish, predictivity for the human situation of effects first seen in zebrafish needs to 

be further explored (3). Early investigations suggest that ADME conditions of various 

compounds are different in zebrafish as opposed to humans, and the importance of this needs 

to be considered as well (127). As discussed, it is difficult to translate incubation 

concentration to the dose of drug administered to the zebrafish embryo, due to the fact that the 

concentration in the fish water would be expected to differ from the tissue or plasma 

concentration of the drug. For comparison of toxicity in zebrafish embryos and higher 

animals, knowledge of the amount of drug actually delivered to the embryos is therefore 

necessary (128). In accordance with our original plan, higher concentrations of 

dexamethasone should be used in future experiments to study effects of this drug to the 

zebrafish embryo. Zebrafish assays can never completely replace experiments in mammals, 

and 2,2-amino acid derivative 161 will need to be further tested in for instance rodents to 

regain more insight into the drug´s potential toxic properties and for conclusions to be made. 

Regarding the cell lines included in the project, further studies are needed to assess regulation 

of PAX6 and the possible link between dex treatment and expression of PAX6. 
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5. CONCLUSION 

In this project, zebrafish embryos were used as a model in safety pharmacology studies, and 

we observed that treatment with relative low concentrations of dexamethasone caused a 

significance increase in embryo malformation rate, while staining with acridine orange 

revealed altered apoptotic activity in brain tissues and in the urogenital tract of treated 

embryos. 2,2-amino acid derivative 161, showed generally low toxicity to zebrafish embryos, 

as measured by the LC50 estimated in this project, compared to previously reported MIC and 

IC50 values of the drug against multi-resistant bacterial strains and cancer cells. However, 

truncation of the tail and damage to tail tissue were seen after treatment with the drug. 

Staining with acridine orange showed increased apoptotic activity in brain tissues and the 

urogenital tract of treated embryos. Western blots of whole embryo extracts of embryos 

treated with either drug gave conflicting result, and a refinement of the method is suggested 

for future experiments. 

 

 
Parallel experiments with cell cultures to look into if treatment with dexamethasone would 

influence expression levels of PAX6 gave inconclusive results, and further studies are needed 

to answer this. 

  



 
83 

REFERENCES 

1. DiMasi JA, Hansen RW, Grabowski HG. The price of innovation: new estimates of 

drug development costs. J Health Econ. 2003;22(2):151-85. Epub 2003/02/28. 

 
2. Bowman TV, Zon LI. Swimming into the future of drug discovery: in vivo chemical 

screens in zebrafish. ACS Chem Biol. 2010;5(2):159-61. Epub 2010/02/20. 

 
3. Rubinstein AL. Zebrafish assays for drug toxicity screening. Expert Opin Drug Metab 

Toxicol. 2006;2(2):231-40. Epub 2006/07/27. 

 
4. Eimon PM, Rubinstein AL. The use of in vivo zebrafish assays in drug toxicity 

screening. Expert Opin Drug Metab Toxicol. 2009;5(4):393-401. Epub 2009/04/17. 

 
5. Richards FM, Alderton WK, Kimber GM, Liu Z, Strang I, Redfern WS, et al. 

Validation of the use of zebrafish larvae in visual safety assessment. J Pharmacol Toxicol 

Methods. 2008;58(1):50-8. Epub 2008/06/11. 

 
6. Barros TP, Alderton WK, Reynolds HM, Roach AG, Berghmans S. Zebrafish: an 

emerging technology for in vivo pharmacological assessment to identify potential safety 

liabilities in early drug discovery. Br J Pharmacol. 2008;154(7):1400-13. Epub 2008/06/17. 

 
7. Bass AS, Tomaselli G, Bullingham R, 3rd, Kinter LB. Drugs effects on ventricular 

repolarization: a critical evaluation of the strengths and weaknesses of current methodologies 

and regulatory practices. J Pharmacol Toxicol Methods. 2005;52(1):12-21. Epub 2005/06/22. 

 
8. Bass A, Kinter L, Williams P. Origins, practices and future of safety pharmacology. J 

Pharmacol Toxicol Methods. 2004;49(3):145-51. Epub 2004/06/03. 

 
9. International Conference on Harmonisation (ICH) S7A Guidelines. Safety 

Pharmacology Studies for Human Pharmaceuticals.  [03.04.2013]; Available from: 

http://www.ich.org/fileadmin/Public_Web_Site/ICH_Products/Guidelines/Safety/S7A/St
ep4/S7A_Guideline.pdf. 

 
10. Goldberg AM. Animals and alternatives: societal expectations and scientific need. 

Altern Lab Anim. 2004;32(6):545-51. Epub 2005/03/11. 

 

http://www.ich.org/fileadmin/Public_Web_Site/ICH_Products/Guidelines/Safety/S7A/Step4/S7A_Guideline.pdf
http://www.ich.org/fileadmin/Public_Web_Site/ICH_Products/Guidelines/Safety/S7A/Step4/S7A_Guideline.pdf


 
84 

11. Van den Brandhof EJ, Montforts M. Fish embryo toxicity of carbamazepine, 

diclofenac and metoprolol. Ecotoxicol Environ Saf. 2010;73(8):1862-6. Epub 2010/09/14. 

 
12. Suter W. Predictive value of in vitro safety studies. Curr Opin Chem Biol. 

2006;10(4):362-6. Epub 2006/07/04. 

 
13. Engeszer RE, Patterson LB, Rao AA, Parichy DM. Zebrafish in the wild: a review of 

natural history and new notes from the field. Zebrafish. 2007;4(1):21-40. Epub 2007/11/29. 

 
14. Grunwald DJ, Eisen JS. Headwaters of the zebrafish -- emergence of a new model 

vertebrate. Nat Rev Genet. 2002;3(9):717-24. Epub 2002/09/05. 

15. MacRae CA, Peterson RT. Zebrafish-based small molecule discovery. Chem Biol. 

2003;10(10):901-8. Epub 2003/10/30. 

 
16. ZFIC. Gender identification guide.  [15.12.2012]; Available from: 

http://www.zfic.org/Tutorials/Gender identification guide.pdf. 

 
17. OECD. Test 212: Fish, Short-term Toxicity Test on Embryo and Sac-fry Stages. 

OECD Publishing;  [04.04.2013]; Available from: http://www.oecd-

ilibrary.org/docserver/download/9721201e.pdf?expires=1365079563&id=id&accname=g
uest&checksum=8ADF836B390513F4ACBC62FD545D0AD4. 

 
18. Avdesh A, Chen M, Martin-Iverson MT, Mondal A, Ong D, Rainey-Smith S, et al. 

Regular Care and Maintenance of a Zebrafish (Danio rerio) Laboratory: An Introduction. J 

Vis Exp. 2012(69). Epub 2012/11/28. 

 
19. Kimmel CB, Ballard WW, Kimmel SR, Ullmann B, Schilling TF. Stages of embryonic 

development of the zebrafish. Dev Dyn. 1995;203(3):253-310. Epub 1995/07/01. 

 
20. Delvecchio C, Tiefenbach J, Krause HM. The zebrafish: a powerful platform for in 

vivo, HTS drug discovery. Assay Drug Dev Technol. 2011;9(4):354-61. Epub 2011/02/12. 

 
21. Stern HM, Zon LI. Cancer genetics and drug discovery in the zebrafish. Nat Rev 

Cancer. 2003;3(7):533-9. Epub 2003/07/02. 

 
22. Lieschke GJ, Currie PD. Animal models of human disease: zebrafish swim into view. 

Nat Rev Genet. 2007;8(5):353-67. Epub 2007/04/19. 

http://www.zfic.org/Tutorials/Gender%20identification%20guide.pdf
http://www.oecd-ilibrary.org/docserver/download/9721201e.pdf?expires=1365079563&id=id&accname=guest&checksum=8ADF836B390513F4ACBC62FD545D0AD4
http://www.oecd-ilibrary.org/docserver/download/9721201e.pdf?expires=1365079563&id=id&accname=guest&checksum=8ADF836B390513F4ACBC62FD545D0AD4
http://www.oecd-ilibrary.org/docserver/download/9721201e.pdf?expires=1365079563&id=id&accname=guest&checksum=8ADF836B390513F4ACBC62FD545D0AD4


 
85 

 
23. Zon LI, Peterson RT. In vivo drug discovery in the zebrafish. Nat Rev Drug Discov. 

2005;4(1):35-44. Epub 2005/02/03. 

 
24. McGrail M, Hatler JM, Kuang X, Liao HK, Nannapaneni K, Watt KE, et al. Somatic 

mutagenesis with a Sleeping Beauty transposon system leads to solid tumor formation in 

zebrafish. PLoS One. 2011;6(4):e18826. Epub 2011/05/03. 

 
25. Goldsmith JR, Jobin C. Think small: zebrafish as a model system of human pathology. 

J Biomed Biotechnol. 2012;2012:817341. Epub 2012/06/16. 

 
26. Shi X, Du Y, Lam PK, Wu RS, Zhou B. Developmental toxicity and alteration of gene 

expression in zebrafish embryos exposed to PFOS. Toxicol Appl Pharmacol. 2008;230(1):23-

32. Epub 2008/04/15. 

 
27. Sanger Institute. Zebrafish Genome Project.  [12.04.2013]; Available from: 

http://www.sanger.ac.uk/resources/zebrafish/genomeproject.html. 

 
28. Bakkers J. Zebrafish as a model to study cardiac development and human cardiac 

disease. Cardiovasc Res. 2011;91(2):279-88. Epub 2011/05/24. 

 
29. Ziv L, Muto A, Schoonheim PJ, Meijsing SH, Strasser D, Ingraham HA, et al. An 

affective disorder in zebrafish with mutation of the glucocorticoid receptor. Mol Psychiatry. 

2012. Epub 2012/05/30. 

30. Hill AJ, Teraoka H, Heideman W, Peterson RE. Zebrafish as a model vertebrate for 

investigating chemical toxicity. Toxicol Sci. 2005;86(1):6-19. Epub 2005/02/11. 

 
31. Selderslaghs IW, Van Rompay AR, De Coen W, Witters HE. Development of a 

screening assay to identify teratogenic and embryotoxic chemicals using the zebrafish 

embryo. Reprod Toxicol. 2009;28(3):308-20. Epub 2009/05/19. 

 
32. Langheinrich U. Zebrafish: a new model on the pharmaceutical catwalk. Bioessays. 

2003;25(9):904-12. Epub 2003/08/26. 

 
33. Throne JE, Weaver DK, Chew V, Baker JE. Probit Analysis of Correlated Data: 

Multiple Observations Over Time at One Concentration. J Econ Entomol. 1995;88(5):1510-2. 

 

http://www.sanger.ac.uk/resources/zebrafish/genomeproject.html


 
86 

34. Vincent K. Probit Analysis.  [24.04.2013]; Available from: 

http://userwww.sfsu.edu/efc/classes/biol710/probit/ProbitAnalysis.pdf. 

 
35. Hoekstra J. Acute Bioassays with Control Mortality. 1986 [24.04.2013]; Available 

from: http://link.springer.com/content/pdf/10.1007%2FBF00290938.pdf. 

 
36. Yabu T, Kishi S, Okazaki T, Yamashita M. Characterization of zebrafish caspase-3 

and induction of apoptosis through ceramide generation in fish fathead minnow tailbud cells 

and zebrafish embryo. Biochem J. 2001;360(Pt 1):39-47. Epub 2001/11/07. 

 
37. Yamashita M. Apoptosis in zebrafish development. Comp Biochem Physiol B 

Biochem Mol Biol. 2003;136(4):731-42. Epub 2003/12/10. 

 
38. Eimon PM, Ashkenazi A. The zebrafish as a model organism for the study of 

apoptosis. Apoptosis. 2010;15(3):331-49. Epub 2009/12/25. 

 
39. Negron JF, Lockshin RA. Activation of apoptosis and caspase-3 in zebrafish early 

gastrulae. Dev Dyn. 2004;231(1):161-70. Epub 2004/08/12. 

 
40. Gavrieli Y, Sherman Y, Ben-Sasson SA. Identification of programmed cell death in 

situ via specific labeling of nuclear DNA fragmentation. J Cell Biol. 1992;119(3):493-501. 

Epub 1992/11/01. 

 
41. Karlsson J, von Hofsten J, Olsson PE. Generating transparent zebrafish: a refined 

method to improve detection of gene expression during embryonic development. Mar 

Biotechnol (NY). 2001;3(6):522-7. Epub 2004/02/13. 

 
42. Laguerre L, Soubiran F, Ghysen A, Konig N, Dambly-Chaudiere C. Cell proliferation 

in the developing lateral line system of zebrafish embryos. Dev Dyn. 2005;233(2):466-72. 

Epub 2005/03/22. 

 
43. Verduzco D, Amatruda JF. Analysis of cell proliferation, senescence, and cell death in 

zebrafish embryos. Methods Cell Biol. 2011;101:19-38. Epub 2011/05/10. 

 
44. Hans F, Dimitrov S. Histone H3 phosphorylation and cell division. Oncogene. 

2001;20(24):3021-7. Epub 2001/06/23. 

http://userwww.sfsu.edu/efc/classes/biol710/probit/ProbitAnalysis.pdf
http://link.springer.com/content/pdf/10.1007%2FBF00290938.pdf


 
87 

45. Thisse C, Thisse B. High-resolution in situ hybridization to whole-mount zebrafish 

embryos. Nat Protoc. 2008;3(1):59-69. Epub 2008/01/15. 

 
46. Hilton DA, Love S, Barber R. Demonstration of apoptotic cells in tissue sections by in 

situ hybridization using digoxigenin-labeled poly(A) oligonucleotide probes to detect  

thymidine-rich DNA sequences. J Histochem Cytochem. 1997;45(1):13-20. Epub 1997/01/01. 

 
47. Kotelnikov V, Cass L, Coon JS, Spaulding D, Preisler HD. Accuracy of histone H3 

messenger RNA in situ hybridization for the assessment of cell proliferation in human tissues. 

Clin Cancer Res. 1997;3(5):669-73. Epub 1997/05/01. 

 
48. Arya M, Shergill IS, Williamson M, Gommersall L, Arya N, Patel HR. Basic 

principles of real-time quantitative PCR. Expert Rev Mol Diagn. 2005;5(2):209-19. Epub 

2005/04/19. 

 
49. Mahmood T, Yang PC. Western blot: technique, theory, and trouble shooting. N Am J 

Med Sci. 2012;4(9):429-34. Epub 2012/10/11. 

 
50. Fishman MC. Genomics. Zebrafish--the canonical vertebrate. Science. 

2001;294(5545):1290-1. Epub 2001/11/10. 

 
51. Loucks E, Ahlgren S. Assessing teratogenic changes in a zebrafish model of fetal 

alcohol exposure. J Vis Exp. 2012(61). Epub 2012/03/29. 

 
52. Ali S, Van Mil HG, Richardson MK. Large-scale assessment of the zebrafish embryo 

as a possible predictive model in toxicity testing. PLoS One. 2011;6(6):e21076. Epub 

2011/07/09. 

 
53. Dickmeis T, Lahiri K, Nica G, Vallone D, Santoriello C, Neumann CJ, et al. 

Glucocorticoids play a key role in circadian cell cycle rhythms. PLoS Biol. 2007;5(4):e78. 

Epub 2007/03/22. 

 
54. Hillegass JM, Villano CM, Cooper KR, White LA. Glucocorticoids alter craniofacial 

development and increase expression and activity of matrix metalloproteinases in developing 

zebrafish (Danio rerio). Toxicol Sci. 2008;102(2):413-24. Epub 2008/02/19. 

 



 
88 

55. Vandevyver S, Dejager L, Tuckermann J, Libert C. New insights into the anti-

inflammatory mechanisms of glucocorticoids: an emerging role for glucocorticoid-receptor-

mediated transactivation. Endocrinology. 2013;154(3):993-1007. Epub 2013/02/07. 

 
56. Limbourg FP, Liao JK. Nontranscriptional actions of the glucocorticoid receptor. J 

Mol Med (Berl). 2003;81(3):168-74. Epub 2003/04/12. 

 
57. Kalinec F, Webster P, Maricle A, Guerrero D, Chakravarti DN, Chakravarti B, et al. 

Glucocorticoid-stimulated, transcription-independent release of annexin A1 by cochlear 

Hensen cells. Br J Pharmacol. 2009;158(7):1820-34. Epub 2009/11/17. 

 
58. Schaaf MJ, Chatzopoulou A, Spaink HP. The zebrafish as a model system for 

glucocorticoid receptor research. Comp Biochem Physiol A Mol Integr Physiol. 

2009;153(1):75-82. Epub 2009/01/27. 

59. Nesan D, Kamkar M, Burrows J, Scott IC, Marsden M, Vijayan MM. Glucocorticoid 

receptor signaling is essential for mesoderm formation and muscle development in zebrafish. 

Endocrinology. 2012;153(3):1288-300. Epub 2012/01/12. 

 
60. Schoonheim PJ, Chatzopoulou A, Schaaf MJ. The zebrafish as an in vivo model 

system for glucocorticoid resistance. Steroids. 2010;75(12):918-25. Epub 2010/05/25. 

 
61. Griffiths BB, Schoonheim PJ, Ziv L, Voelker L, Baier H, Gahtan E. A zebrafish model 

of glucocorticoid resistance shows serotonergic modulation of the stress response. Front 

Behav Neurosci. 2012;6:68. Epub 2012/10/23. 

 
62. Hirvikoski T, Nordenstrom A, Lindholm T, Lindblad F, Ritzen EM, Lajic S. Long-

term follow-up of prenatally treated children at risk for congenital adrenal hyperplasia: does 

dexamethasone cause behavioural problems? Eur J Endocrinol. 2008;159(3):309-16. Epub 

2008/06/27. 

 
63. Peltoniemi OM, Kari MA, Hallman M. Repeated antenatal corticosteroid treatment: a 

systematic review and meta-analysis. Acta Obstet Gynecol Scand. 2011;90(7):719-27. Epub 

2011/03/24. 

 
64. Liggins GC. The role of cortisol in preparing the fetus for birth. Reprod Fertil Dev. 

1994;6(2):141-50. Epub 1994/01/01. 



 
89 

 
65. Waffarn F, Davis EP. Effects of antenatal corticosteroids on the hypothalamic-

pituitary-adrenocortical axis of the fetus and newborn: experimental findings and clinical 

considerations. Am J Obstet Gynecol. 2012;207(6):446-54. Epub 2012/07/31. 

 
66. Singh RR, Cuffe JS, Moritz KM. Short- and long-term effects of exposure to natural 

and synthetic glucocorticoids during development. Clin Exp Pharmacol Physiol. 

2012;39(11):979-89. Epub 2012/09/14. 

 
67. Moffatt DC, Bernstein CN. Drug therapy for inflammatory bowel disease in 

pregnancy and the puerperium. Best Pract Res Clin Gastroenterol. 2007;21(5):835-47. Epub 

2007/09/25. 

 
68. Meyer-Bahlburg HF, Dolezal C, Haggerty R, Silverman M, New MI. Cognitive 

outcome of offspring from dexamethasone-treated pregnancies at risk for congenital adrenal 

hyperplasia due to 21-hydroxylase deficiency. Eur J Endocrinol. 2012;167(1):103-10. Epub 

2012/05/03. 

 
69. Zuloaga DG, Carbone DL, Quihuis A, Hiroi R, Chong DL, Handa RJ. Perinatal 

dexamethasone-induced alterations in apoptosis within the hippocampus and paraventricular 

nucleus of the hypothalamus are influenced by age and sex. J Neurosci Res. 2012;90(7):1403-

12. Epub 2012/03/06. 

 
70. Poetker DM, Reh DD. A comprehensive review of the adverse effects of systemic 

corticosteroids. Otolaryngol Clin North Am. 2010;43(4):753-68. Epub 2010/07/06. 

 
71. Pereira AM, Tiemensma J, Romijn JA. Neuropsychiatric disorders in Cushing's 

syndrome. Neuroendocrinology. 2010;92 Suppl 1:65-70. Epub 2010/09/21. 

72. Urban RC, Jr., Cotlier E. Corticosteroid-induced cataracts. Surv Ophthalmol. 

1986;31(2):102-10. Epub 1986/09/01. 

 
73. Jain A, Liu X, Wordinger RJ, Yorio T, Cheng YQ, Clark AF. Effects of Thailanstatins 

on Glucocorticoid Response in Trabecular Meshwork and Steroid-Induced Glaucoma. Invest 

Ophthalmol Vis Sci. 2013. Epub 2013/04/04. 

 



 
90 

74. Gupta V, Awasthi N, Wagner BJ. Specific activation of the glucocorticoid receptor 

and modulation of signal transduction pathways in human lens epithelial cells. Invest 

Ophthalmol Vis Sci. 2007;48(4):1724-34. Epub 2007/03/29. 

 
75. Wang C, Dawes LJ, Liu Y, Wen L, Lovicu FJ, McAvoy JW. Dexamethasone 

influences FGF-induced responses in lens epithelial explants and promotes the posterior 

capsule coverage that is a feature of glucocorticoid-induced cataract. Exp Eye Res. 2013. 

Epub 2013/03/23. 

 
76. Yan Q, Liu WB, Qin J, Liu J, Chen HG, Huang X, et al. Protein phosphatase-1 

modulates the function of Pax-6, a transcription factor controlling brain and eye development. 

J Biol Chem. 2007;282(19):13954-65. Epub 2007/03/22. 

 
77. Lee H, Khan R, O'Keefe M. Aniridia: current pathology and management. Acta 

Ophthalmol. 2008;86(7):708-15. Epub 2008/10/22. 

 
78. Brauner SC, Walton DS, Chen TC. Aniridia. Int Ophthalmol Clin. 2008;48(2):79-85. 

Epub 2008/04/23. 

 
79. Kiselev Y, Eriksen TE, Forsdahl S, Nguyen LH, Mikkola I. 3T3 Cell Lines Stably 

Expressing Pax6 or Pax6(5a) - A New Tool Used for Identification of Common and Isoform 

Specific Target Genes. PLoS One. 2012;7(2):e31915. Epub 2012/03/03. 

 
80. Mikkola I, Bruun JA, Bjorkoy G, Holm T, Johansen T. Phosphorylation of the 

Transactivation Domain of Pax6 by Extracellular Signal-regulated Kinase and p38 Mitogen-

activated Protein Kinase. J Biol Chem. 1999;274(21):15115-26. Epub 1999/05/18. 

 
81. Cars O, Hedin A, Heddini A. The global need for effective antibiotics-moving towards 

concerted action. Drug Resist Updat. 2011;14(2):68-9. Epub 2011/03/30. 

 
82. Cho J, Hwang IS, Choi H, Hwang JH, Hwang JS, Lee DG. The novel biological action 

of antimicrobial peptides via apoptosis induction. J Microbiol Biotechnol. 2012;22(11):1457-

66. Epub 2012/11/06. 

 
83. Freire-Moran L, Aronsson B, Manz C, Gyssens IC, So AD, Monnet DL, et al. Critical 

shortage of new antibiotics in development against multidrug-resistant bacteria-Time to react 

is now. Drug Resist Updat. 2011;14(2):118-24. Epub 2011/03/26. 



 
91 

 
84. Hunter P. Where next for antibiotics? The immune system and the nature of 

pathogenicity are providing vital clues in the fight against antibiotic-resistant bacteria. EMBO 

Rep. 2012;13(8):680-3. Epub 2012/07/07. 

 
85. Hancock RE, Sahl HG. Antimicrobial and host-defense peptides as new anti-infective 

therapeutic strategies. Nat Biotechnol. 2006;24(12):1551-7. Epub 2006/12/13. 

 
86. Giuliani A, Pirri G, Nicoletto SF. Antimicrobial Peptides: an overview of a promising 

class of therapeutics. Cent Eur j Biol. 2007(2):1-33. 

 
87. Hancock RE, Lehrer R. Cationic peptides: a new source of antibiotics. Trends 

Biotechnol. 1998;16(2):82-8. Epub 1998/03/06. 

 
88. Strom MB, Haug BE, Skar ML, Stensen W, Stiberg T, Svendsen JS. The 

pharmacophore of short cationic antibacterial peptides. J Med Chem. 2003;46(9):1567-70. 

Epub 2003/04/18. 

 
89. Hansen T, Alst T, Havelkova M, Strom MB. Antimicrobial activity of small beta-

peptidomimetics based on the pharmacophore model of short cationic antimicrobial peptides. 

J Med Chem. 2010;53(2):595-606. Epub 2009/12/10. 

 
90. Hansen T, Ausbacher D, Flaten GE, Havelkova M, Strom MB. Synthesis of cationic 

antimicrobial beta(2,2)-amino acid derivatives with potential for oral administration. J Med 

Chem. 2011;54(3):858-68. Epub 2011/01/12. 

 
91. Ausbacher D. Biological Activity of beta(2,2)-Amino Acid Derivatives Derived from 

Antimicrobial Peptides [PhD thesis]. Tromsø: University of Tromsø; 2012. 

 
92. Life Technologies, Invitrogen. SeaBlue Pre-Stained Standard.  [20.12.2012]; 

Available from: http://products.invitrogen.com/ivgn/product/LC5625. 

 
93. Life Technologies, Invitrogen. MagicMark XP Western Protein Standard.  

[20.12.2012]; Available from: http://products.invitrogen.com/ivgn/product/LC5602. 

 
94. Weigt S, Huebler N, Braunbeck T, von Landenberg F, Broschard TH. Zebrafish 

teratogenicity test with metabolic activation (mDarT): effects of phase I activation of 

http://products.invitrogen.com/ivgn/product/LC5625
http://products.invitrogen.com/ivgn/product/LC5602


 
92 

acetaminophen on zebrafish Danio rerio embryos. Toxicology. 2010;275(1-3):36-49. Epub 

2010/06/23. 

 
95. Gonsar N, Schumann AC, Buchard JN, Liang JO. An inexpensive, efficient method 

for regular egg collection from zebrafish in a recirculating system. Zebrafish. 2012;9(1):50-5. 

Epub 2012/03/21. 

 
96. Sessa AK, White R, Houvras Y, Burke C, Pugach E, Baker B, et al. The effect of a 

depth gradient on the mating behavior, oviposition site preference, and embryo production in 

the zebrafish, Danio rerio. Zebrafish. 2008;5(4):335-9. Epub 2009/01/13. 

 
97. Kaufman CK, White RM, Zon L. Chemical genetic screening in the zebrafish embryo. 

Nat Protoc. 2009;4(10):1422-32. Epub 2009/09/12. 

 
98. Murphey RD, Zon LI. Small molecule screening in the zebrafish. Methods. 

2006;39(3):255-61. Epub 2006/08/01. 

 
99. Life Technologies, Invitrogen. XCell SureLock Mini-Cell and XCell II Blot Module.  

[17.12.2012]; Available from: http://products.invitrogen.com/ivgn/product/EI0001. 

 
100. Newman M.  Quantitative Ecotoxicology. 2 ed. USA: Taylor & Francis group; 2013. 

p. 144. 

 
101. Sigma Aldrich. Anti-Actin Technical datasheet.  [08.05.2013]; Available from: 

http://www.sigmaaldrich.com/etc/medialib/docs/Sigma/Datasheet/6/a2066dat.Par.0001.F
ile.tmp/a2066dat.pdf  

 
102. Sivak JM, Mohan R, Rinehart WB, Xu PX, Maas RL, Fini ME. Pax-6 expression and 

activity are induced in the reepithelializing cornea and control activity of the transcriptional 

promoter for matrix metalloproteinase gelatinase B. Dev Biol. 2000;222(1):41-54. Epub 

2000/07/08. 

 
103. Morash MG, Douglas SE, Robotham A, Ridley CM, Gallant JW, Soanes KH. The 

zebrafish embryo as a tool for screening and characterizing pleurocidin host-defense peptides 

as anti-cancer agents. Dis Model Mech. 2011;4(5):622-33. 

 

http://products.invitrogen.com/ivgn/product/EI0001
http://www.sigmaaldrich.com/etc/medialib/docs/Sigma/Datasheet/6/a2066dat.Par.0001.File.tmp/a2066dat.pdf
http://www.sigmaaldrich.com/etc/medialib/docs/Sigma/Datasheet/6/a2066dat.Par.0001.File.tmp/a2066dat.pdf


 
93 

104. Zhou YH, Wu X, Tan F, Shi YX, Glass T, Liu TJ, et al. PAX6 suppresses growth of 

human glioblastoma cells. J Neurooncol. 2005;71(3):223-9. Epub 2005/03/01. 

 
105. Lang F, Bohmer C, Palmada M, Seebohm G, Strutz-Seebohm N, Vallon V. 

(Patho)physiological significance of the serum- and glucocorticoid-inducible kinase isoforms. 

Physiol Rev. 2006;86(4):1151-78. Epub 2006/10/04. 

 
106. Bruhn MA, Pearson RB, Hannan RD, Sheppard KE. Second AKT: the rise of SGK in 

cancer signalling. Growth Factors. 2010;28(6):394-408. Epub 2010/10/06. 

 
107. Rauz S, Walker EA, Hughes SV, Coca-Prados M, Hewison M, Murray PI, et al. 

Serum- and glucocorticoid-regulated kinase isoform-1 and epithelial sodium channel subunits 

in human ocular ciliary epithelium. Invest Ophthalmol Vis Sci. 2003;44(4):1643-51. Epub 

2003/03/27. 

 
108. Forsdahl S, Mikkola I. Personal communication; Unpublished results. 

 
109. Mayes DA, Hu Y, Teng Y, Siegel E, Wu X, Panda K, et al. PAX6 suppresses the 

invasiveness of glioblastoma cells and the expression of the matrix metalloproteinase-2 gene. 

Cancer Res. 2006;66(20):9809-17. Epub 2006/10/19. 

 
110. Gustafson MP, Lin Y, New KC, Bulur PA, O'Neill BP, Gastineau DA, et al. Systemic 

immune suppression in glioblastoma: the interplay between CD14+HLA-DRlo/neg 

monocytes, tumor factors, and dexamethasone. Neuro Oncol. 2010;12(7):631-44. Epub 

2010/02/25. 

 
111. Hohwieler Schloss M, Freidberg SR, Heatley GJ, Lo TC. Glucocorticoid dependency 

as a prognostic factor in radiotherapy for cerebral gliomas. Acta Oncol. 1989;28(1):51-5. 

Epub 1989/01/01. 

 
112. Sigma-Aldrich. Dexamethsone-Water Soluble.  [09.05.2013]; Available from: 

http://sigma-aldrich.custhelp.com/app/answers/detail/a_id/768/p/21,235. 

 
113. Henn K, Braunbeck T. Dechorionation as a tool to improve the fish embryo toxicity 

test (FET) with the zebrafish (Danio rerio). Comp Biochem Physiol C Toxicol Pharmacol. 

2011;153(1):91-8. Epub 2010/09/28. 

 

http://sigma-aldrich.custhelp.com/app/answers/detail/a_id/768/p/21,235


 
94 

114. Scholz S, Fischer S, Gundel U, Kuster E, Luckenbach T, Voelker D. The zebrafish 

embryo model in environmental risk assessment--applications beyond acute toxicity testing. 

Environ Sci Pollut Res Int. 2008;15(5):394-404. Epub 2008/06/26. 

 
115. Braunbeck T, Boettcher M, Hollert H, Kosmehl T, Lammer E, Leist E, et al. Towards 

an alternative for the acute fish LC(50) test in chemical assessment: the fish embryo toxicity 

test goes multi-species -- an update. ALTEX. 2005;22(2):87-102. Epub 2005/06/15. 

 
116. Hillegass JM, Villano CM, Cooper KR, White LA. Matrix metalloproteinase-13 is 

required for zebra fish (Danio rerio) development and is a target for glucocorticoids. Toxicol 

Sci. 2007;100(1):168-79. Epub 2007/08/31. 

 
117. Yang L, Kemadjou JR, Zinsmeister C, Bauer M, Legradi J, Muller F, et al. 

Transcriptional profiling reveals barcode-like toxicogenomic responses in the zebrafish 

embryo. Genome Biol. 2007;8(10):R227. 

 
118. Tucker B, Lardelli M. A rapid apoptosis assay measuring relative acridine orange 

fluorescence in zebrafish embryos. Zebrafish. 2007;4(2):113-6. Epub 2007/11/29. 

 
119. Cole LK, Ross LS. Apoptosis in the developing zebrafish embryo. Dev Biol. 

2001;240(1):123-42. Epub 2002/01/11. 

 
120. Valamanesh F, Torriglia A, Savoldelli M, Gandolphe C, Jeanny JC, BenEzra D, et al. 

Glucocorticoids induce retinal toxicity through mechanisms mainly associated with 

paraptosis. Mol Vis. 2007;13:1746-57. Epub 2007/10/26. 

 
121. Whitlock KE, Westerfield M. The olfactory placodes of the zebrafish form by 

convergence of cellular fields at the edge of the neural plate. Development. 

2000;127(17):3645-53. Epub 2000/08/10. 

 
122. Løitegaard KH. Synthesis and Safety Assessment of beta-Amino Acid Derivates 

[Master thesis]. Tromsø: University of Tromsø; 2011. 

 
123. Norsk Legemiddelhåndbok. Deksametason.  [17.05.2013]; Available from: 

http://legemiddelhandboka.no/Legemidler/44350 - 44351. 

 

http://legemiddelhandboka.no/Legemidler/44350#44351


 
95 

124. James ER, Robertson L, Ehlert E, Fitzgerald P, Droin N, Green DR. Presence of a 

transcriptionally active glucocorticoid receptor alpha in lens epithelial cells. Invest 

Ophthalmol Vis Sci. 2003;44(12):5269-76. Epub 2003/11/26. 

 
125. Kaup B, Schindler I, Knupfer H, Schlenzka A, Preiss R, Knupfer MM. Time-

dependent inhibition of glioblastoma cell proliferation by dexamethasone. J Neurooncol. 

2001;51(2):105-10. Epub 2001/06/02. 

 
126. Gorman AM, Hirt UA, Orrenius S, Ceccatelli S. Dexamethasone pre-treatment 

interferes with apoptotic death in glioma cells. Neuroscience. 2000;96(2):417-25. Epub 

2000/02/23. 

 
127. Belyaeva NF, Kashirtseva VN, Medvedeva NV, Khudoklinova Y, Ipatova OM, 

Archakov AI. Zebrafish as a Model System for Biomedical Studies. Bio Chem. 

2009;3(4):343-50. 

 
128. Spitsbergen JM, Kent ML. The state of the art of the zebrafish model for toxicology 

and toxicologic pathology research--advantages and current limitations. Toxicol Pathol. 

2003;31 Suppl:62-87. Epub 2003/02/25. 

  



 
96 

APPENDIX 1: MORTALITY AND MALFORMATION 
RATES FROM THE INDIVIDUAL EXPERIMENTS 
 

A1.1 Dexamethasone 
Table A1-1:  Mortality and malformation rate for embryos incubated in dexamethasone from 3.3 to 24 
hpf 

Exp. n Mort. A.d % Mort. % A.d 
Control      

1* 
2 

3* 
4 
5 
6 
7 
8 
9 

258 
234 
284 
236 
49 
42 
25 

139 
164 

91 
42 

104 
24 
7 
6 
3 

19 
17 

0 
2 
1 
0 
0 
0 
0 
0 
0 

Mean 
STD 

35.27 
17.95 
36.62 
10.17 
14.29 
14.29 
12.00 
13.67 
10.37 
13.25 
2.70 

0.00 
1.04 
0.56 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.15 
0.39 

Dexamethasone 0.68 ug/mL 
1* 
2 

3* 
4 
5 
6 
7 
8 
9 

201 
247 
293 
259 
40 
46 
25 

162 
161 

64 
61 

114 
63 
14 
9 
1 

18 
20 

0 
3 
0 
2 
0 
1 
0 
0 
0 

Mean 
STD 

31.84 
24.70 
38.91 
24.32 
35.00 
19.57 
4.00 

11.11 
12.42 
18.73 
10.39 

0.00 
1.61 
0.00 
1.02 
0.00 
2.70 
0.00 
0.00 
0.00 
0.76 
1.07 

Dexamethasone 6.8 ug/mL 
1* 
2 
3 
4 
5 
6 
7 

205 
241 
266 
46 
51 

160 
145 

76 
54 
43 
10 
1 

13 
24 

0 
0 
2 
1 
1 
1 
0 

Mean 
STD 

37.07 
22.41 
16.17 
21.74 
1.96 
8.13 

16.55 
14.49 
8.00 

0.00 
0.00 
0.90 
2.78 
2.00 
0.68 
0.00 
1.06 
1.12 

Mort.: Mortality 
A.d: Abnormal development  
% A.d: percent abnormally developed embryos of survivors 
STD: Estimated standard deviation 
* Due to high mortality rate in the control group, marked entries were excluded from all calculations. Mean 
values and estimated standard deviations only takes into consideration the other entries. 
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Table A1-2: Mortality and malformation rates for embryos incubated in dexamethasone from 24 to 48 hpf 
 

Exp. n Mort. A.d % Mort. % A.d 
Control 

1 
2 
3 
4 
5 
6 
7 
8 

113 
126 
117 
124 
19 
14 
81 
96 

0 
1 
0 
0 
0 
0 
0 
0 

2 
4 
4 
2 
1 
0 
2 
2 

Mean 
STD 

0.00 
0.80 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.10 
0.28 

1.77 
3.20 
3.42 
1.61 
5.26 
0.00 
2.47 
2.08 
2.48 
1.55 

Dexamethasone 0.68 ug/mL 
1 
2 
3 
4 
5 
6 
7 
8 

92 
111 
125 
126 

9 
15 
99 
99 

0 
2 
1 
0 
0 
0 
0 
0 

4 
3 
3 

15 
2 
4 
9 
8 

Mean 
STD 

0.00 
1.80 
0.80 
0.00 
0.00 
0.00 
0.00 
0.00 
0.33 
0.66 

4.35 
2.75 
2.42 

11.90 
22.22 
26.67 
9.09 
8.08 

10.94 
9.03 

Dexamethasone 6.8 ug/mL  
1 
2 
3 
4 
5 
6 
7 

86 
130 
142 
17 
29 
96 
82 

0 
2 
0 
0 
0 
0 
0 

9 
7 

19 
3 
7 

11 
5 

Mean 
STD 

0.00 
1.54 
0.00 
0.00 
0.00 
0.00 
0.00 
0.22 
0.58 

10.47 
5.47 

13.38 
17.65 
24.14 
11.46 
6.10 

12.67 
6.56 

Mort.: Mortality 
A.d: Abnormal development  
% A.d: percent abnormally developed embryos of survivors 
STD: Estimated standard deviation 
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Table A1-3: Mortality and malformation rates for embryos incubated in dexamethasone from 48 to 72 hpf 

Exp. n Mort. A.d % Mort. % A.d 
Control 

1 
2 
3 
4 
5 
6 
7 
8 

39 
58 
58 
77 
19 
14 
42 
50 

0 
2 
0 
0 
0 
0 
0 
0 

2 
4 
4 
2 
1 
0 
2 
2 

Mean 
STD 

0.00 
3.45 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.43 
1.22 

1.77 
3.20 
3.42 
1.61 
5.26 
0.00 
2.47 
2.08 
5.81 
4.29 

Dexamethasone 0.68 ug/mL 
1 
2 
3 
4 
5 
6 
7 
8 

38 
54 
62 
86 
8 

13 
49 
49 

0 
1 
0 
1 
0 
0 
0 
0 

4 
3 
3 

15 
2 
4 
9 
8 

Mean 
STD 

0.00 
1.85 
0.00 
1.16 
0.00 
0.00 
0.00 
0.00 
0.38 
0.72 

4.35 
2.75 
2.42 

11.90 
22.22 
26.67 
9.09 
8.08 

15.04 
8.11 

Dexamethasone 6.8 ug/mL  
1 
2 
3 
4 
5 
6 
7 

39 
58 
96 
17 
29 
53 
40 

2 
3 
1 
0 
0 
0 
0 

9 
7 

19 
3 
7 

11 
5 

Mean 
STD 

5.13 
5.17 
1.04 
0.00 
0.00 
0.00 
0.00 
1.62 
2.44 

10.47 
5.47 

13.38 
17.65 
24.14 
11.46 
6.10 

23.25 
6.06 

Mort.: Mortality 
A.d: Abnormal development  
% A.d: Percentage abnormally developed embryos of survivors. 
STD: Estimated standard deviation 
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A1.2 2,2-amino acid derivative 161 
Table A1-4: Mortality and malformation rates for embryos treated with various concentrations of 
derivative 161 from 3.3 to 24 hpf (method A) 

Exp. n Mort. A.d %Mort. %Mort, corr. % A.d 
Control       

1 
2 

3* 
4 
5 
6 

50 
50 
50 

100 
150 
100 

5 
3 

15 
4 

15 
6 

0 
0 
0 
1 
0 
0 

Mean 
STD 

10.00 
6.00 

30.00 
4.00 

10.00 
6.00 
7.20 
2.68 

 
 
 
 
 
 
 
 

0.00 
0.00 
0.00 
1.04 
0.00 
0.00 
0.21 
0.47 

0.01 mg/mL 161    
1 
2 
 

50 
50 

4 
3 

0 
0 

Mean 
STD 

8.00 
6.00 
7.00 
1.41 

-2.22 
0.00 

-1.11 
1.57 

0.00 
0.00 
0.00 
0.00 

0.02 mg/mL 161   
1 
2 
 

50 
50 

3 
6 

1 
0 

Mean 
STD 

6.00 
12.00 
9.00 
4.24 

-4.44 
6.38 
0.97 
7.66 

2.13 
0.00 
1.06 
1.50 

0.03 mg/mL 161   
1 
2 

50 
50 

5 
9 

0 
1 

Mean 
STD 

10.00 
18.00 
14.00 
5.66 

0.00 
12.77 
6.38 
9.03 

0.00 
2.44 
1.22 
1.72 

0.04 mg/mL 161   
1 
2 

50 
50 

7 
8 

0 
0 

Mean 
STD 

14.00 
16.00 
15.00 
1.41 

4.44 
10.64 
7.54 
4.38 

0.00 
0.00 
0.00 
0.00 

0.05 mg/mL 161   
1 
2 

3* 
4 
5 
6 

50 
50 
50 

100 
150 
100 

5 
9 

12 
8 

22 
7 

0 
0 
0 
0 
1 
0 

Mean 
STD 

10.00 
18.00 
24.00 
8.00 

14.67 
7.00 

11.54 
4.67 

0.00 
12.77 
-8.57 
4.17 
5.22 
1.06 
4.64 
5.02 

0.00 
0.00 
0.00 
0.00 
0.78 
0.00 
0.16 
0.35 

0.06 mg/mL 161   
1 
2 
3 

50 
50 

100 

7 
11 
4 

0 
0 
2 

Mean 
STD 

14.00 
22.00 
4.00 

13.33 
9.02 

4.44 
17.02 
0.00 
7.16 
8.83 

0.00 
0.00 
2.08 
0.69 
1.20 
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Table A1-4 continued 
 

Exp. n Mort. A.d %Mort. %Mort, corr. % A.d 
0.075 mg/mL 161   

1 
2 

3* 
4 
5 
6 

50 
50 
50 

100 
150 
100 

17 
10 
26 
30 
30 
29 

0 
0 
0 
0 
2 
0 

Mean 
STD 

34.00 
20.00 
52.00 
30.00 
20.00 
29.00 
26.60 
6.31 

26.67 
14.89 
31.43 
27.08 
11.11 
24.47 
20.84 
7.35 

0.00 
0.00 
0.00 
0.00 
1.67 
0.00 
0.33 
0.75 

0.1 mg/mL 161    
1* 
2 
3 
4 

50 
100 
150 
100 

24 
14 
55 
58 

0 
0 
1 
0 

Mean 
STD 

48.00 
14.00 
36.67 
58.00 
36.23 
22.00 

25.71 
10.42 
29.67 
55.32 
31.80 
22.53 

0.00 
0.00 
1.05 
0.00 
0.35 
0.61 

0.12 mg/mL 161     
1* 
2 
3 
4 

50 
100 
150 
100 

33 
72 

115 
76 

0 
0 
1 
0 

Mean 
STD 

66.00 
72.00 
76.67 
76.00 
74.90 
2.54 

51.43 
70.83 
74.11 
74.47 
73.14 
2.00 

0.00 
0.00 
2.86 
0.00 
0.95 
1.65 

0.14 mg/mL 161     
1 100 42 0 42.00 39.58 0.00 

0.16 mg/mL 161     
1 
2 
3 

100 
150 
100 

66 
129 
84 

0 
0 
0 

Mean 
STD 

66.00 
86.00 
84.00 
78.67 
11.02 

64.58 
84.44 
82.98 
77.34 
11.07 

0.00 
0.00 
0.00 
0.00 
0.00 

0.20 mg/mL 161    
1 
2 
3 

100 
150 
100 

75 
131 
94 

1 
0 
0 

Mean 
STD 

75.00 
87.33 
94.00 
85.43 
9.64 

73.96 
85.89 
93.62 
84.49 
9.90 

4.00 
0.00 
0.00 
1.33 
2.31 

0.22 mg/mL 161    
1 
2 

150 
100 

150 
100 

- 
- 

Mean 
STD 

100.00 
100.00 
100.00 

0.00 

100.00 
100.00 
100.00 

0.00 

- 
- 
- 
- 

0.25 mg/mL 161  
1 
2 

150 
100 

149 
100 

0 
- 

Mean 
STD 

99.33 
100.00 
99.65 
0.49 

99.22 
100.00 

99.61 
0.55 

0.00 
- 
- 
- 
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Table A1-4 Continued 

Exp. n Mort. A.d %Mort. %Mort, corr. % A.d 
0.25 mg/mL 161     

1 
2 

150 
100 

149 
100 

0 
- 

Mean 
STD 

99.33 
100.00 
99.65 
0.49 

99.22 
100.00 

99.61 
0.55 

0.00 
- 
- 
- 

Only results obtained from zebrafish kept at the zebrafish facility is shown. 
Mort.: Mortality 
Mort., corr: Mortality corrected for embryo death in control group 
A.d: Abnormal development  
% A.d: percent abnormally developed embryos of survivors 
STD: Estimated standard deviation 
* Due to high mortality rate in the control group, marked entries were excluded from all calculations. Mean 
values and estimated standard deviations only takes into consideration the other entries. 
 
 
Table A1-5: Mortality and malformation rates for embryos treated with various concentrations of 
derivative 161 from 24 to 48 hpf (method B) 

Exp. n Mort. A.d %Mort. % A.d 
Control      

1 
2 
3 
4 
5 
6 
 
 

50 
50 
50 

100 
150 
150 

0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 

Mean 
STD 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

0.1 mg/mL 161   
1 
2 
 

50 
50 

0 
0 

0 
0 

Mean 
STD 

0.00 
0.00 
0.00 
0.00 

0.00 
0.00 
0.00 
0.00 

0.11 mg/mL 161  
1 
2 
 

50 
50 

2 
2 

0 
0 

Mean 
STD 

4.00 
4.00 
4.00 
0.00 

0.00 
0.00 
0.00 
0.00 

0.12 mg/mL 161  
1 
2 

50 
50 

1 
0 

0 
0 

Mean 
STD 

2.00 
0.00 
1.00 
1.41 

0.00 
0.00 
0.00 
0.00 

0.125 mg/mL 161  
1 
2 

50 
50 

5 
0 

0 
0 

Mean 
STD 

10.00 
0.00 
5.00 
7.07 

0.00 
0.00 
0.00 
0.00 
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Table A1-5 continued 
 

Exp. n Mort. A.d %Mort. % A.d 
0.13 mg/mL 161    

1 
2 
 
 

50 
50 

 
 

3 
3 
 
 

0 
0 

Mean 
STD 

6.00 
6.00 
6.00 
0.00 

0.00 
0.00 
0.00 
0.00 

0.135 mg/mL 161     
1 
2 
3 
4 

50 
50 
50 

100 

6 
4 
9 
1 

0 
0 
0 
0 

Mean 
STD 

12.00 
8.00 

18.00 
1.00 
9.75 
7.14 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

0.14 mg/mL 161     
1 
2 
 
 

50 
50 

 
 

6 
7 
 
 

0 
0 

Mean 
STD 

12.00 
14.00 
13.00 

1.41 

0.00 
0.00 
0.00 
0.00 

0.15 mg/mL 161   
1 
2 
3 
4 
5 
6 
 
 

50 
50 
50 

100 
150 
150 

19 
10 
11 
7 

14 
33 

0 
0 
0 
0 
0 
0 

Mean 
STD 

38.00 
20.00 
22.00 

7.00 
9.33 

22.00 
19.72 
11.09 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

0.175 mg/mL 161  
1 
2 
3 
4 
 

50 
100 
150 
150 

30 
32 
9 

20 

0 
0 
0 
0 

Mean 
STD 

60.00 
32.00 

6.00 
13.33 
27.83 
24.08 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

0.19 mg/mL 161  
1 50 31 0 62.00 0.00 

0.20 mg/mL 161  
1 
2 
3 
4 
 
 

50 
100 
150 
150 

 
 

24 
51 
58 
88 

0 
0 
0 
0 

Mean 
STD 

48.00 
51.00 
38.67 
58.67 
49.10 

8.27 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

0.22 mg/mL 161  
1 
2 
 
 

150 
100 

84 
55 

0 
0 

Mean 
STD 

56.00 
55.00 
55.50 

0.71 

0.00 
0.00 
0.00 
0.00 
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Table A1-5 continued 
 

Exp. n Mort. A.d %Mort. % A.d 
0.25 mg/mL 161    

1 
2 

150 
100 

135 
89 

0 
0 

Mean 
STD 

90.00 
89.00 
89.59 

0.71 

0.00 
0.00 
0.00 
0.00 

0.3 mg/mL 161     
1 100 100 0 100.00 - 

0.4 mg/mL 161     
1 100 100 0 100.00 - 

0.5 mg/mL 161   
1 100 100 0 100.00 - 

Only results obtained from zebrafish kept at the zebrafish facility is shown. 
Mort.: Mortality 
A.d: Abnormal development  
% A.d: percent abnormally developed embryos of survivors 
STD: Estimated standard deviation 
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APPENDIX 2: RESULTS FROM ACRIDINE ORANGE 

STAINING 

 
A2.1 Dexamethasone 
 
Table A2-1: The number of control embryos and embryos treated with dexamethasone showing apoptotic 
activity in the epiphysis at 24 hpf 

g/mL dex Total n Epiphysis p-value 
0 

0.68 
6.8 

10 
10 
10 

3 
7 
10 

 
n.s 

< 0.01 
Probability values given are for Fisher exact test 
n.s: Difference between treated group and controls is not significant ( = 0.05) 
 
 
 
Table A2-2: The number of embryos treated with dex showing altered apoptotic activity in the specified 
tissues compared to controls at 48 hpf 

g/mL dex Total n Eyes p-value o.pcontrol p-value u.t p-value 
0 

0.68 
6.8 

10 
10 
10 

5 
10 
10 

 
< 0.05 
< 0.05 

- 
8 
10 

 
< 0.01 
< 0.01 

10 
0 
0 

 
< 0.01 
< 0.01 

For apoptotic activity in the olfactory placodes, treated embryos have been compared to the control embryo 
showing the lowest level of apoptosis in the given area. The numbers listed are the number of treated embryos 
showing less apoptotic activity than this control embryo in the particular tissue. 
Probability values given are for Fisher exact test 
n.s: Difference between treated group and controls is not significant ( = 0.05) 
o.p: olfactory placodes, u.t: urogenital tract 
 
 
Table A2-3: The number of embryos treated with dexamethasone showing altered apoptotic activity in the 
specified tissues compared to controls at 72 hpf 

g/mL dex Total n o.pcontrols p-value u.t p-value 
0 

0.68 
6.8 

10 
10 
10 

- 
7 
10 

 
< 0.01 
< 0.01 

10 
4 
0 

 
< 0.01 
< 0.01 

For apoptotic activity in the olfactory placodes, treated embryos have been compared to the control embryo 
showing the lowest level of apoptosis in the given area. The numbers listed are the number of treated embryos 
showing less apoptotic activity than this control embryo in the particular tissue. 
Probability values given are for Fisher exact test 
n.s: Difference between treated group and controls is not significant ( = 0.05) 
o.p: olfactory placodes, u.t: urogenital tract 
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A2.2 2,2-amino acid derivative 161 

 
 
Table A2-4: Number of embryos showing altered apoptotic activity in the specified tissues compared to 
controls, after treatment with derivative 161 from 3.3 to 24 hpf (method A) 

mg/mL 161 Total n Epiphysis p-value o.pcontrols p-value u.tcontrols p-value 
0 

0.075 
0.1 

10 
10 
10 

2 
5 
8 

 
n.s 

< 0.05 

- 
7 
10 

 
< 0.01 
< 0.01 

- 
7 
7 

 
< 0.01 
< 0.01 

For apoptotic activity in the olfactory placodes and in the urogenital tract, treated embryos have been compared 
to the control embryo showing the highest level of apoptosis in the given area. The numbers listed are the 
number of treated embryos showing greater apoptotic activity than this control embryo in the particular tissue. 
Probability values given are for Fisher exact test 
n.s: Difference between treated group and controls is not significant ( = 0.05) 
o.p: olfactory placodes, u.t: urogenital tract 
 
 
 
Table A2-5: Number of embryos showing increased apoptotic activity in the olfactory placodes and 
urogenital tract compared to controls, after treatment with derivative 161 from 24 to 48 hpf (method B) 

mg/mL 161 Total n o.pcontrols p-value u.tcontrols p-value 
0 

0.15 
0.2 

10 
10 
10 

- 
6 
10 

 
< 0.05 
< 0.01 

- 
7 
9 

 
< 0.01 
< 0.01 

For apoptotic activity in the olfactory placodes and in the urogenital tract, treated embryos have been compared 
to the control embryo showing the highest level of apoptosis in the given area. The numbers listed are the 
number of treated embryos showing greater apoptotic activity than this control embryo in the particular tissue. 
Probability values given are for Fisher exact test 
n.s: Difference between treated group and controls is not significant ( = 0.05) 
o.p: olfactory placodes, u.t: urogenital tract 
 



 



 


