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Abstract 

The specificity of a medaka vitellogenin (Vtg) enzyme-linked immunosorbent assay 

(ELISA) kit was tested on adult hybrid tilapia to determine if vitellogenin could be successfully 

measured in tilapia using this method.  Adult hybrid (Orechromis niloticus x Oreochromis 

mossambicus x Oreochromis aureus) tilapia were injected with 17β-estradiol (E2) at 5 µg/g body 

weight (b.w.) in two separate experiments and exposed to 2.5 µg/g b.w. E2 through aquaria water 

in a third experiment.  All fish were exposed to solvent controls (50/50 PBS/ethanol, or 59/41 

PBS/ ethanol) proportional to the volume of estradiol solvent used.  Experiment 1 was 

terminated due to a decrease in fish health and unexpected mortalities.  Experiment 2 was 

continued though there was again a decrease in fish health and mortalities before experiment was 

completed.  According to one-way ANOVA, Experiment 2 treatment groups were significantly 

different (P<0.05); however, Tukey�s pairwise comparisons showed no differences between 

treatment groups.  Experiment 3 results showed statistical differences between some treatment 

groups (P<0.001).  However, maximum vitellogenin levels reached 1250 ng/mL Vtg, which 

were much lower than induced vitellogenin levels from literature (0.002 mg/mL to 6 mg/mL).  

Typical induction trends should be as follows:  male control<female control< induced 

male<induced female; however, these trends were not observed in this study.  For these reasons, 

the medaka vitellogenin ELISA kit was determined not specific to tilapia vitellogenin.  This 

research was performed due to the fact that tilapia are farmed worldwide, and to increase 
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research with these fish, in order to better understand their response to xenobiotic chemicals, 

easier methods are desired for measuring their vitellogenin.   

 Vitellogenin induction from exposure to the chemotherapeutics:  oxytetracycline, Romet-

30®, and copper sulfate was evaluate using Japanese medaka (Oryzias latipes).  Medaka were 

exposed to E2 (0.0552 µg/L) in aquaria water as a positive control.  Medaka were fed 

oxytetracycline medicated feed at 0.0174 g, 0.0348 g, and 0.087 g, and Romet-30® medicated 

feed at 0.0261 g, 0.0522 g, and 0.1305 g daily for 11 days and 5 days as recommended.  Medaka 

were exposed to copper sulfate at 1.85 mg/L for one hour (for 1 day, 7 consecutive days, and 

every three to five days for a total of 7 doses).  Vitellogenin levels were measured using a 

sandwich ELISA.  As expected, Vtg levels were induced from exposure to E2 (P<0.01); 

however, exposure to the chemotherapeutic compounds did not induce elevated Vtg levels.  

Alternately, copper sulfate exposure for one hour for 1 day did show a significant decrease in 

vitellogenin (P<0.01).  Biological variation accounted for large portions of the variation within 

treatment groups in medaka vitellogenin in fish exposed to chemotherapeutics (as high as 

41.01%).  From this research we suggest that these chemicals do not have estrogenic properties 

capable of inducing vitellogenin in medaka.   
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1 Literature Review 

1.1 Introduction 

The following is a review of literature as it relates to Japanese medaka, vitellogenin 

induction by endocrine disruptors, and chemotherapeutics.  First, is a discussion of endocrine 

disruptors and the role they have in vitellogenin induction.  Next, vitellogenin will be defined, as 

well as its role as a biomarker for environmental contamination.  Following this is a discussion 

of methods commonly used to measure various forms of vitellogenin.  Additionally, recent 

research that has been performed to measure vitellogenin in Japanese medaka (Oryzias latipes) 

will be discussed.  Lastly, specific aquaculture chemicals will be introduced as to their role in 

fisheries and detail exactly how these chemicals act on fish.  The goal of this chapter is to 

connect many different topics in an effort to better understand vitellogenin induction in medaka, 

the connection between these aquaculture chemicals and vitellogenin, and the potential for these 

chemicals to act as endocrine disruptors. 

1.2 Endocrine Disruptors 

Endocrine disruptors are chemicals that can alter or inhibit an organism�s endocrine or 

reproductive system.  Some known endocrine disruptors are polychlorinated biphenyls (PCBs), 

pesticides such as dichlorodipentyltrichloroethane (DDT), and both natural and synthetic 

estrogens such as 17β-estradiol.   

The reason these chemicals act as endocrine disruptors is largely due to their interaction 

with the hypothalamic-pituitary-gonadal (HPG) axis.  This axis is being studied in great detail as 

to how it is affected when an organism is exposed to certain chemicals.  The HPG axis consists 

of the hypothalamus and hypophysis (both of which are in the brain), the gonads, and the liver, 

and plays an active role in both reproduction and development of oviparous vertebrates.  
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According to Ankley and Johnson (2004), exposure to chemicals sends a signal to the HPG axis, 

and these signals can affect the linkages between the brain, gonads, and liver in a few different 

ways.  Specialized cells secrete a hormone into the extracellular space, and this hormone makes 

its way to the blood stream where it is taken in by specific tissues.  This action modifies the 

activity of the tissue.  Alternatively, a neurotransmitter or neurohormone will secrete a neuron 

directly onto or near the surface of the cells receiving the signal.  Also, the signal will form and 

is excreted by one cell, and then secreted into the extracellular space.  This signal then diffuses to 

another different cell and elicits a response.  Vertebrate exposure to these signals can cause both 

organizational and activational effects. These chemicals can alter fundamental characteristics of 

the development of the species� organs and systems (organizational effects), and/or they can 

cause activational effects altering hormones or protein levels (Ankley and Johnson, 2004; 

Hiramatsu et al., 2004).  The HPG axis typically functions as a dynamic loop always maintaining 

equilibrium so that natural variations in the fish water temperature or light:dark period will 

induce reproduction or some other new state.  Accordingly, exposure to exogenous chemicals 

can disrupt the system, and has the potential to alter both organizational and activational effects 

of the organism.     

Endocrine disruptors are being looked into seriously by government environmental 

agencies based on reports of feminized male fish in different regions of the world.  A 1996 

congressional mandate required that the Environmental Protection Agency (EPA) develop a 

screening and testing program for endocrine disruptors.  As a result, five different test systems 

were developed, one of which uses fathead minnows (Pimephales promelas) as the 

recommended test species.  Once chemicals are identified as potential endocrine disruptors from 

these Tier 1 test systems, further studying will be continued through more intensive Tier 2 tests.  
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The Tier 1 tests are short-term assays (21 days), whereas the Tier 2 tests are full-life cycle or 

multigenerational assays using fathead minnow, Japanese medaka, or sheepshead minnow 

(Cyprinidon variegatus).  International research is also focusing on similar fish for EDC 

endocrine disruptor chemical (EDC) testing.  The Organization for Economic Cooperation and 

Development (OECD) is introducing a structure for partial life-cycle assays, and full-life cycle 

assays using fathead minnow, medaka, and zebrafish (Danio rerio) (Ankley and Johnson, 2004).    

The advantage to using these small fish is that they are asynchronous spawners meaning they can 

spawn regularly.  In ideal conditions, medaka can spawn daily, zebrafish every other day, and 

fathead minnows every three days (Ankley and Johnson, 2004).  This makes them ideal for 

studying the effects of chemical testing on reproduction and development.   

There are many different ways to determine whether a chemical is an endocrine disruptor.   

Short-term and full-life cycle assays, following fish exposure to the chemical, typically include 

measures for mortality, fecundity, number of spawns, fertilization success, and similar physical 

examinations or organizational effects (Bringolf et al., 2004; Sepúlveda et al., 2003).  For 

example, Seki et al. (2003) performed a fish full-life cycle test in an effort to understand the 

physical effects of 4-tert-pentylphenol on Japanese medaka.  Another method often used 

simultaneously with the first, is internal examination of the fish, which can involve measuring 

the size of the gonads in relation to the fish whole body size, to determine the gonadosomatic 

index (GSI).  Other common indices are the hepatocyte somatic index (HSI), and the fish 

condition factor.  All of which have been calculated as part of the research by Bringolf et al. 

(2004), Nakari (2004), Faller et al. (2003), Riley et al. (2002), Robinson et al., (2004a), and 

Tabata et al. (2003).  These tests give us helpful information about the physical health of the fish.  
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From them, we can compare chemical doses with GSI increases or decreases, reduced or 

increased fitness levels, and higher or lower mortality to find statistical trends or interactions.   

Another very recent area of research is gene expression before and after exposure to 

certain chemicals.  For instance, when fish are exposed to estrogens, which are natural hormones 

and very prominent endocrine disruptors in the environment, the estrogen will attach to the 

estrogen receptor (ER).  This newly formed complex will react with the estrogen-responsive part 

of the target promoter gene to regulate vitellogenin expression.  By measuring for the expression 

levels of ER, we can indirectly detect exposure to these estrogens.  Cytochrome P450 aromatase 

(CYP19) expression levels have also been studied (Min et al., 2003).  In this study, researchers 

found that while expression of ER would increase and then level out, the expression of CYP19 

would consistently increase during exposure to 17β-estradiol.  Another gene studied as a result of 

exposure to endocrine disruptors is p53, which is expressed in relation to activation of the signal 

transduction pathway (Min et al., 2003).  The vitellogenin (Vtg) gene and vitelline envelope 

protein (VEP) genes had responses that correlated directly with exposure to estrogens 17β-

estradiol (E2), and 17α-ethinylestradiol (EE2) (Thomas-Jones et al., 2003; Scholz et al., 2004).  

Thomas-Jones et al. (2003) discovered that VEP genes may be more sensitive to estrogen 

exposure than the Vtg gene from a study performed with rainbow trout (Oncorhynchus mykiss).  

The VEP genes, or egg membrane protein genes, known as zona radiata or Zrp protein genes, 

have also been measured in sheepshead minnows exposed to both estradiol and nonylphenol 

(Knoebl et al., 2004).  Larkin et al. (2003) discovered through gene arrays they are developing, 

that there may be many more genes that are regulated by 17β-estradiol and other estrogens.  

These genes are protein disulfide isomerase, aldose reductase, and 6 unidentified clones.  
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Measuring gene expression requires DNA or RNA and is performed using polymerase chain 

reaction (PCR) methods, which will be discussed in detail in Section 1.3.3.     

Ethoxyresorufin-O-deethylase (EROD) activity is also mentioned in testing the 

estrogenicity of water.  EROD activity is a biomarker for exposure to polycyclic aromatic 

hydrocarbons (PAHs) and polyhalogenated hydrocarbons (PHHs).  It is primarily an indicator for 

induction of cytochrome P450-dependent monooxygenases due to contaminant exposure.  High 

EROD levels, or high CYP1A induction is related to embryonic mortality in fish (Whyte and 

Tillitt, 2000).  Although PAHs and PHHs are not directly endocrine disruptors, their presence in 

water bodies can indicate other contamination.  For example, occasionally researchers studying a 

sewage treatment plant effluent or the quality of a water body will measure EROD activity in 

fish as a part or all of the study (Nakari, 2004).   

Lastly, measuring for yolk precursor proteins such as vitellogenin, egg membrane 

proteins known as zona radiata, or egg envelope precursor proteins, such as choriogenin 

(Hiramatsu et al., 2005), can tell us whether the fish has been exposed to endocrine disruptors 

because their synthesis is hormone dependent.  

Of the possible methods for studying biomarkers for endocrine disruption, the ones that 

will be focused on in this thesis are methods for measuring vitellogenin.   

 

1.3 Vitellogenin 

Vitellogenin (Vtg) is a large (300-600 kDa) serum phosphogylcolipoprotein that is 

produced by the liver in mature female oviparous vertebrates (Denslow et al., 1999).  This 

protein is secreted into the blood and then taken up by growing oocytes.  It is processed into yolk 

proteins and then stored in the ooplasm.  Vtg has proven to be a successful biomarker for 
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estrogenic contamination.  It is specifically produced when the organism is exposed to estrogenic 

chemicals, and is produced in a dose-dependent manner so that interpretations can be made 

based on the level of Vtg measured as to the amount present in the environment.  Vitellogenin is 

produced naturally by adult female fish, whose liver is a functioning endocrine organ, and has 

reached levels as high as 10-20 mg/mL (Denslow et al., 1999).  Vitellogenin is able to be 

induced in male fish up to levels between 100 ng/mL - 100 µg/mL (Denslow et al., 1999) 

because they have retained the necessary cellular receptors and enzymatic pathways to produce 

vitellogenin in their hepatocytes (Ankley and Johnson, 2004).  

Vitellogenin can be measured through a variety of mediums.  It can be detected in both 

the protein or gene form.  The Vtg protein is obtained through the extraction of plasma samples 

from the exposed animal.  Typically blood samples are taken through the caudal vein (Inaba et 

al., 1997; Faller et al., 2003) or the dorsal vein (Nakari, 2004) of large fish.  Samples are taken 

using heparinized syringes to prevent clotting of the blood (Nakari, 2004).  These samples are 

generally centrifuged with the protease inhibitor, aprotinin (Kishida and Specker, 1994; Inaba et 

al., 1997; Cheek et al., 2001).  It is not practical to get plasma samples from very small fish, i.e. 

less than 90 mg, drawing through heparinized capillary tubes (Nakari, 2004; Cheek et al., 2001; 

Tilton et al., 2003).  So, small fish are euthanized and then homogenized, with a sample buffer 

and aprotinin (Cheek et al., 2001).  With liver homogenate, Seki et al. (2003) uses a sample 

buffer containing phosphate-buffered saline (PBS), 0.05% v/v Tween-20, and 1 mg/mL albumin 

from bovine serum.  One protocol specified by Biosense Laboratories (Bergen, Norway) calls for 

a sample buffer of PBS, 1% bovine serum albumin (BSA), and 2 trypsin inhibitor units (TIU) of 

aprotinin per ml PBS when homogenizing small fish.  Vitellogenin is a large protein that is easily 

affected by proteolytic degradation, which is why aprotinin and PMSF are often used in storage, 
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since they act as protease inhibitors (Denslow et al., 1999).  When interested only in hepatic Vtg 

levels, only the livers are homogenized (Seki et al., 2003).  Again, the supernatant becomes the 

sample and all samples should be stored in the freezer at -70°C (Seki et al., 2003) or -80°C 

(Kishida and Specker, 2000; Tilton et al., 2003; Faller et al., 2003) after centrifugation if they 

will not be analyzed immediately.  Fish mucus can also be sampled for Vtg.  Mucus is scraped 

gently from the fish body surface and treated in a similar manner to plasma samples (Kishida and 

Specker, 2000).   

Vtg can be measured in vitro with hepatocytes cultured in a medium containing the test 

substance.  Kim et al. (2002) collected tilapia (O. mossambicus) from Japan, and developed 

culture plates from the tilapia liver cells as follows.  First, the liver was removed from the 

anesthetized fish and then perfused with Ca+2 free hepatocyte buffer for 10 minutes. The blood 

was cleared and the liver was digested with IIB containing collagenase.  The liver was then 

minced, filtered through nylon mesh, and the resulting cell suspension was centrifuged.  Isolated 

cells that had more than 90% viability from the Trypan blue exclusion method were used for the 

experiment.  These culture plates were dosed with 17β-estradiol and then assayed for Vtg levels.   

Other research has been performed with hepatocytes.  Riley et al. (2004) successfully 

cultured tilapia hepatocytes in research concerning vitellogenin induction from estradiol-17β and 

dihydrotestosterone (DHT).  Kim et al. (2002) performed similar studies with tilapia hepatocytes 

for nonylphenol effects, and Kim et al. (2003) looked at variations in vitellogenin induction, 

which resulted from changes in culture conditions.  Takemura and Kim (2001) tested for effects 

of 17β-estradiol on two separate Vtg proteins (Vtg 210 and Vtg 140) using tilapia hepatocytes.  

Scholz et al. (2004) developed primary cultures using medaka primary liver cells, which were 

also dosed with estradiol.  The primary culture supernatant was used for vitellogenin analysis.  
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Nakari et al. (2004) used in vitro analyses with rainbow trout hepatocytes to study the impact 

sewage treatment plant effluent had on vitellogenin induction.     

1.3.1 Enzyme Linked Immunosorbent Assays 

There are a few different methods for measuring vitellogenin.  Enzyme-linked 

immunosorbent assays (ELISAs) are one of the most common methods used.  ELISAs are used 

for the measurement of proteins, hormones, and other molecules with antigenic properties.  

There are different types of ELISAs:  direct ELISAs, competition ELISAs, and sandwich 

ELISAs.  Direct ELISAs quantify Vtg by binding the plasma sample or standard (with Vtg) 

directly to the surface of a microtitre plate well.  The amount bound is determined by a specific 

antibody to Vtg.  This is measured directly by cross-linking it to an enzyme, or indirectly by 

using a secondary antibody linked to an enzyme that is specific to the first antibody.   The 

amount of bound antibody is proportional to the amount of Vtg bound to the microtitre well 

(Figure 1.1).  In this procedure, blocking solution is used to prevent the primary antibody from 

also attaching to the plate.  Competition ELISAs are similar except that with these, a known 

amount of control Vtg is adsorbed to the plate and this amount competes with Vtg in samples for 

antibodies.  A sandwich ELISA, on the other hand, differs in that the capture antibody is 

adsorbed to the plate.  The sample or standard containing Vtg then binds to the antibody on the 

plate (Figure 1.1).  In all of the methods, the last step involves a substrate which attaches to the 

secondary antibody complex, and develops color proportional to the amount of secondary 

antibody attached (which is proportional to the amount of vitellogenin attached).  Between each 

step the plates are washed with a buffer solution to remove unattached molecules.  The main 

differences in these techniques are in regards to their ease of use and sensitivity.  The direct 



 

 

9

assay is easiest to perform, while the competitive and sandwich assays are more sensitive and 

can read vitellogenin to levels as low as 1 ng/mL Vtg (Denslow et al., 1999). 

     

Figure 1.1  Direct and sandwich ELISA assay protocols. 
The gray box represents a microtitre plate well. 

ELISA kits have been successfully mass produced for use with zebrafish, medaka, carp, 

fathead minnow, and rainbow trout by Biosense Laboratories (Bergen, Norway), a major 

provider for these kits.  The advantage of purchasing a kit is that it contains both the detecting 

and secondary antibodies necessary for the analysis, as well as the components for dilution 

buffer, substrate preparation, and washing solution.  Purchasing these items separately can be 

costly, and preparing antibodies is very tedious, and time intensive.  Also, the kits have been 

extensively tested for accuracy.  ELISA kits are often used to compare results to the results from 

new methods or methods that are less common.  For example, Schmid et al. (2002) measured 

Vtg protein levels in fathead minnows using a carp ELISA kit to help determine which mRNA 

samples to run.  In this study, the kinetics of both mRNA and protein induction and withdrawal 

were measured in an effort to understand more of what happens to vitellogenin levels over time.  

Bringolf et al. (2004) used carp ELISA kits purchased from Biosense to analyze atrazine, an 

herbicide used in the United States.  The same carp ELISA kit was also used by Faller et al. 

(2003) for measuring Vtg in gudgeon (Gobio gobio).  Nakari et al. (2004)  purchased a rainbow 
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Secondary Antibody

    Direct 
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trout ELISA kit from Biosense to analyze Vtg in rainbow trout and zebrafish plasma samples. 

Other ELISA kits have been used for measuring medaka Vtg by Scholz et al. (2004), Tanaka et 

al. (2003), Tabata et al. (2003), Tabata et al. (2004), and Seki et al. (2003).   

As mentioned previously, ELISA procedures can also be performed by using antibodies 

that the researchers themselves have developed.  This is a process that is both tedious and time 

intensive.  It begins with stimulating the fish species for which the specific antibody is desired, to 

estradiol.  The procedure for this is clearly described by Denslow et al. (1999).  Blood is 

withdrawn from the fish and goes through a process to purify the Vtg by binding it to an anion 

exchanger (i.e. DEAE agarose).  It can be further purified through size exclusion 

chromatography.  It is important to purify Vtg quickly after the sample has been taken to reduce 

loss of the protein through degradation.  Purified Vtg is then injected into rabbits or mice, and 

because vitellogenin is very immunogenic, it elicits a strong immune response in these 

mammals.  The blood from the rabbit or mouse in this process is used to create polyclonal 

antibodies.  Monoclonal antibodies can also be developed.  The difference between the two is 

that monoclonal antibodies are secreted by cloned hybridoma cells and are to a single epitope (or 

antigenic part of a molecule); while polyclonal antibodies contain a mixture of many different 

antibodies, and only a few are specific for the antigen.  Whichever type of antibody developed, it 

is important to validate that these antibodies act against vitellogenin before use in an ELISA 

procedure (Denslow et al., 1999).  Golden grey mullet (Liza aurata) (Asturiano et al., 2005), 

crab (Carcnum maenas) (Martín-Díaz et al., 2004), largemouth bass (Micropterus salmoides) 

(Sepúlveda et al., 2003), rainbow trout (Allard et al., 2004), and tilapia (Kishida and Specker, 

1994; Kim et al., 2002;  Okoumassoun et al., 2002) have been successfully tested for Vtg levels 

using the researcher�s own developed antibodies specific to these fish.   
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There has been research to support that antibodies generated from one species of fish may 

work specifically against vitellogenin from other species of fish.  For example, in one project 

three developed antibodies were tested to determine if they cross-react with a variety of fish 

species.  Two of the antibodies were monoclonal and one was polyclonal, and they were 

prepared from vitellogenin of Atlantic salmon (Salmo salar).  In this study, the polyclonal 

antibody was able to cross-react with many different species in the Salmoniformes order, such as 

salmon, brown trout, rainbow trout, and arctic charr.  In addition, it was able to cross-react with 

species from different orders, such as cod (Gadiformes order), and turbot and halibut 

(Pleuronectiformes order) (Nilsen et al., 1998).  In another study, a monocolonal antibody 

generated for rainbow trout (Oncorhynchus mykiss) was used to measure Vtg in tilapia (Riley et 

al., 2002).  Riley et al. (2002) also showed that antibodies from fish in one order (rainbow trout, 

in Salmoniformes order) can cross react with fish in another order (tilapia, in Perciformes order).  

Additionally, Biosense (Bergen, Norway) sells a medaka vitellogenin antibody that they claim 

will cross-react with tilapia vitellogenin, and fathead minnow and gudgeon samples have been 

shown to cross-react with carp Vtg antibodies (Bringolf et al., 2004; Faller et al., 2003, Schmid 

et al., 2002). 

ELISA procedures can be run using a variety of sample types, including plasma samples 

from fish (Faller et al., 2003; Schmid et al., 2002; Bringolf et al., 2004; Folmar et al., 2000; 

Thomas-Jones et al., 2003), whole body homogenates (Scholz et al., 2004), mucus (Kishida and 

Specker, 2000), liver homogenates (Seki et al., 2003), and cell culture media containing Vtg 

secreted from fish hepatocytes (Takemura and Kim, 2001; Kim et al., 2003; Riley et al., 2004; 

Kim and Takemura, 2002).   
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1.3.2 Alkali Labile Phosphate Method 

The Alkali Labile Phosphate (ALP) method can also be used to measure vitellogenin 

levels.  This method is used in cases when there is no antibody available for the fish, or when 

other more quantitative methods are not available.  The ALP method is used to measure the 

levels of phosphorylated lipoproteins in biological fluids or tissues (Gagné and Blaise, 2000).  

Because vitellogenin is a high density lipophosphoprotein, this method can be applied.  First, 

t-butyl methyl ether is added to the biological sample.  This step is necessary to partition out the 

non-polar vitellin molecules.  The ether phase is then collected and mixed with sodium 

hydroxide, which partitions the alkali-labile phosphates into the aqueous phase.  Then the free 

phosphate and the protein concentration can be measured in the aqueous phase using a variety of 

methods.  Gagné and Blaise (2000) specify the phosphomolybdenum assay available through 

Sigma Diagnostics (St. Louis, MO) for measuring alkali-labile phosphates, and the G-250 

Coomassie blue dye binding method also available through Sigma Diagnostics.  The phosphate 

concentration is then normalized to the total proteins in the sample to get a relative measure of 

the Vtg.  This procedure can be run with a variety of sample types including plasma, 

hemolymph, gonads, liver, and whole body homogenates (Gagné and Blaise, 2000).   

The ALP method has been widely used in research to measure vitellogenin levels.  For 

example, the ALP method was used to measure Vtg in sand goby (Pomatoschistus minutus) 

(Robinson et al., 2004b) in a study of the effects of extended exposure to 4-tert-octylphenol.  

Also, studied are the effects of North Sea Oil and mixtures of North Sea oil and alklyphenols 

have on the vitellogenin in mussel (Mytilus edulis) (Aarab et al., 2004).  Researchers in China 

exposed green neon shrimp (Neocaridina denticulata) to chlordane, lindane, and 17β-estradiol, 

and measured vitellogenin levels using the ALP method to determine estrogenicity of these 
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organochlorine pesticides (Huang et al., 2004).  It was thought at one point that the European eel 

(Anguilla anguilla) might be useful as a biomarker for detecting estrogenic contamination, so 

vitellogenin levels were measured in this species, as well (Versonnen et al., 2004a).  However, 

ALP is not as accurate as other methods, because it is an indirect assay and only gives an 

approximation of Vtg levels.         

1.3.3   Molecular Techniques 

As previously discussed, vitellogenin gene expression can also be quantified.  The Vtg 

gene is a useful biomarker and responds to estrogenic chemicals in a similar way to the Vtg 

protein.  The previous methods discussed have measured the Vtg protein.  The following section 

includes descriptions of methods used to measure the Vtg gene, in addition to molecular methods 

for measuring the Vtg protein.  

1.3.3.1   Gel Electrophoresis 

One method for separating Vtg proteins is gel electrophoresis.  This method is also used 

to separate out RNA or DNA fragments (Lazier et al., 1996).  Electrophoresis is the migration of 

charged molecules due to the presence of an electric field.  It works by using an electric current 

to encourage migration of molecules based on size and charge through a gel.  Gels often chosen 

as a substrate for separation are agarose or polyacrylamide, and the pore size of the gel can be 

selected based on the size of the proteins being separated.  After separation occurs for a set 

amount of time determined by the operator, the gels are then stained with a compound that either 

binds to the protein or the DNA (Madigan et al., 2003).  Following Vtg purification (as described 

in Section 1.3.1.), gel electrophoresis procedures are used to confirm its purity (Chan et al., 

1991; Folmar et al., 2000; Okoumassoun et al., 2002; Asturiano et al., 2005;), detect the protein 
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levels in a sample (Versonnen et al., 2004b), or for separating RNA for slot blots (described in 

Section 1.3.3.3), a procedure for measuring Vtg gene expression (Lazier et al., 1996).   

Sodium dodecyl sulphate polyacrylamide gel electrophoresis (abbreviated SDS-PAGE), 

is the most common type of electrophoresis used with vitellogenin work.  This method, 

developed by Laemmli (1970), combines electrophoresis with sodium dodecyl sulphate to break 

proteins into individual polypeptide chains and sort them according to molecular weight.  The 

sodium dodecyl sulphate is responsible for the negative charge which surrounds the polypeptide 

chain, and the charge is proportional to the molecular weight of the protein.  Following protein 

separation, gels are typically stained with Coomassie blue that is mixed with methanol and or 

acetic acid, and destained with a mixture of methanol or ethanol and acetic acid (Lazier et al., 

1996; Sunny et al., 2002;  Versonnen et al., 2004b; Magalhães et al., 2004; Zhang et al., 2004) to 

reveal the protein separation.  The result is a gel with different bands of different intensities 

organized by their molecular weights.  Ando and Mori (1995) used SDS-PAGE to examine 

where proteinase activities were present by examining the bands that were not able to be stained 

with Coomassie blue.  Denslow et al. (1999) used SDS-PAGE with either acrylamide gels or 

Tris-tricine gels to confirm the purity of Vtg after purification procedures.  In some cases, SDS-

PAGE is followed by Western blotting (Section 1.3.3.3) (Okoumassoun et al., 2002; Kishida and 

Specker, 1994; Versonnen et al., 2004a; Versonnen et al., 2004b; Tilton et al., 2003; Folmar et 

al., 2000; Takemura and Kim, 2001), and in these cases, the gels are not stained.  The blotting 

allows for more quantitative results of Vtg content.      

SDS-PAGE is a successful method for separating proteins from mucus and embryonic 

tissue (Kishida and Specker, 1994), plasma (Inaba et al., 1997; Okoumassoun et al., 2002; 
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Asturiano et al., 2005; Versonnen et al., 2004b), and whole body homogenates (Versonnen and 

Janssen, 2004).     

1.3.3.2 Polymerase Chain Reaction Analysis 

DNA polymerase chain reactions (PCR) were designed for in vitro DNA amplification.  

They are comparable to molecular cloning, an in vivo DNA amplification method.  The PCR 

method is used to successfully multiply DNA molecules rapidly.  The major requirement for 

using PCR is that the nucleotide sequence of a portion of a particular gene be known.  First, the 

target DNA is heated (or denatured) to separate the double strand.  A large excess of both an 

oligonucleotide primer complimentary to the target strand, and an oligonucleotide primer 

complementary to the first primer are added to the separated strands of DNA along with DNA 

polymerase.  Because of the excess of primers, relative to the target DNA, the target strands are 

guaranteed to anneal to the primer.  The DNA polymerase extends the primers using the template 

of the target strands, and in doing so the target genes are amplified.  Repeated incubation, 

heating, annealing, and further primer extension exponentially duplicates the target genes.  PCR 

allows for development of large amounts, up to a billionfold, of the product being analyzed for 

ease with molecular work such as cloning, sequencing, and mutagenesis purposes (Madigan et 

al., 2003).   

PCR can be combined with reverse transcription in a process called RT-PCR.  Reverse 

transcription is the use of information from available RNA sequences to specify DNA sequences.  

This process allows DNA to be developed using RNA as a template (Madigan et al., 2003).  It is 

useful in that some quantification procedures require DNA for hybridization.     

Schmid et al. (2002) looked at Vtg mRNA levels in fathead minnow livers.  It is common 

for liver to be used for mRNA extraction.  The procedure that was followed in their study 
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involved extracting total RNA using an extraction kit.  After this, reverse transcription was 

applied to obtain DNA.  The PCR step was necessary for amplifying the Vtg mRNA so that 

reverse transcription could take place.  Two primers were used:  carp α-actin and fathead 

minnow Vtg.  PCR has also been used in processes to quantify Vtg mRNA levels in medaka 

(Scholz et al., 2004), sheepshead minnow (Knoebl et al., 2004), European flounder (Platicthys 

flesus) (George et al., 2004), and largemouth bass (Larkin et al., 2002). 

1.3.3.3 Quantification Methods 

Northern and Southern Blots 

Usually, electrophoresis or PCR is followed by a type of hybridization procedure 

depending on what is being quantified.  Hybridization procedures, such as Southern blots 

developed by E.M. Southern, are useful for finding a gene or similar sequences from different 

genetic elements (Madigan et al., 2003).  The Southern blot procedure requires first separating 

out the DNA molecules through electrophoresis.  The DNA molecules are transferred from the 

gel to the membrane (or blot) and denatured.  Then a nucleic acid probe, which is a single strand 

of DNA that is complimentary to the single-strand of DNA being quantified is allowed to 

hybridize on the membrane that holds the denatured DNA.  The labeled probe will emit light or 

radioactivity where it has attached to the membrane from hybridization (Madigan et al., 2003).   

Northern blots are similar to southern blots.  While, Southern blots have denatured DNA 

on the membrane and RNA or DNA in the probe, northern blots (Hiramatsu et al., 2004; Riley et 

al., 2002), have RNA on the membrane and DNA or RNA in the probe (Madigan et al., 2003).    

Dot and Slot Blots 

Vtg mRNA can also be measured using slot blot procedures.  Hemmer et al. (2001) used 

a slot blot procedure to analyze Vtg cRNA in sheepshead minnows.  Hemmer et al. (2001) first  
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denatured cRNAs (that had previously been transcribed and isolated) in a slot blot denaturing 

solution and then loaded them onto nylon membranes using a slot blot apparatus.  (The term blot 

is used just as in southern and northern blots because hybridization occurs on the membrane.  

However, the result differs in that with a slot or dot blot, membranes appear to have slots or dots 

where hybridization has occurred.)  The membranes are typically rinsed, air dried, and UV 

crosslinked.  The blots are hybridized with a Vtg probe and after many procedural steps Vtg 

mRNA can be quantified by phosphor imaging based on the densitometry of the autoradiogram 

of the slot blot membrane.  A similar procedure was performed by Lazier et al. (1996).  Slot or 

dot blots require the utilization of very specific probes.  A slot blot was used by Robinson et al. 

(2004b) to measure the hepatic Vtg mRNA expression from sand goby (Pomatoschistus minutus) 

using a 32P-labelled sand goby Vtg cDNA probe.   

Western Blots 

Western blots are typically used for measuring Vtg.   Western blots are similar to 

southern and northern blots except that they have protein in the gel instead of DNA, and use an 

antibody as the probe instead of DNA or RNA (Madigan et al., 2003).  The proteins are 

identified based on specificity to the antibody, and thus more quantitative results can be 

produced regarding a protein concentration than SDS-PAGE alone.  Western blots are performed 

following SDS-PAGE in place of staining gels after electrophoresis has completed.  These blots 

have been used by Kishida and Specker (1994), Folmar et al. (2000), Takemura and Kim (2001), 

Okoumassoun et al. (2002), Tilton et al. (2003), Versonnen et al. (2004a), Versonnen et al. 

(2004b), and Versonnen and Janssen (2004).  In addition to being more quantitative, western 

blots are sometimes used to confirm specificity of an antibody, as performed by Faller et al. 

(2003) for a gudgeon CYP1A antibody. 
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In application, western blots tend to have the following basic steps.  The chosen 

membrane material for blotting is often nitrocellulose (Versonnen et al., 2004b).   The membrane 

is blocked with nonfat dry milk in TBST (a mixture with Tween, Sodium azide, NaCl and Tris) 

(Folmar et al., 2000).  Major steps of the western blot involve incubating the membrane with 

both the primary antibody and the secondary antibody (antimouse alkaline phophatase conjugate 

IgG) for an alotted period of time.  The blots are typically stained using 5-bromo-4-chloro-3-

indolyl phosphate/nitro blue tetrazolium, and analyzed using a GelDoc 2000 system and 

appropriate software (Versonnen et al., 2004b; Folmar et al., 2000; Tilton et al., 2003).     

Quantitative Real-Time PCR 

Q-PCR can be used with the fluorescent readings emitted during PCR to determine actual 

amplification while it is occurring, instead of obtaining an end value after amplification has 

completed.  It is often used in place of other quantitative methods (Knoebl et al., 2004; Min et 

al., 2003;  Scholz et al., 2004).       

Along with Vtg mRNA, metallothionein mRNA, CYP1A mRNA (George et al., 2004), 

estrogen receptor (ER), CYP19,  p53 (Min et al., 2003), and zona radiata protein genes (ZRPs) 

(Knoebl et al., 2004) have been quantified using quantitative real-time PCR.         

1.3.3.4 Hybridization Protection Assays 

The hybidization protection assay (HPA) is sometimes used to quantify mRNA.  

Chemiluminescent HPAs involve the hybridization of acridinium ester (AE)-labeled 

oligonucleotide probes to target RNA.  Selective hydrolysis occurs so that AE associated with 

the unhybridized probe gets hydrolyzed to a nonchemiluminescent derivative and the AE 

associated with the hybridized probe stays the same.  The chemiluminescence from the reaction 

that takes place is directly proportional to the transcribed RNA.  This method is highly specific 
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and the procedure is easily affected if there is not a homologous fit between the probe and target.  

This method was used to measure vitelline envelope protein gene expression, and vitellogenin 

gene expression in rainbow trout exposed to 17β-estradiol and 17α-ethinylestradiol (Thomas-

Jones et al., 2003).     

1.3.4 Discussion 

Measuring protein levels has benefits and disadvantages compared with gene expression.  

Hemmer et al. (2001) measured the induction of vitellogenin gene expression and protein levels 

over time in sheepshead minnow exposed to estradiol, methoxychlor, and p-nonylphenol.  They 

found that estradiol induced plasma vitellogenin levels (protein levels) on the fifth day of 

exposure, and by this time mRNA levels had already plateaued.  The same was found with the 

other two weak estrogens except that with p-nonylphenol some increase was detected by Day 2.  

Hemmer et al. (2001) showed that Vtg gene expression reacts more quickly to exposure 

conditions than protein levels.  Thomas-Jones et al. (2003) made a similar point after exposing 

rainbow trout to 17β-estradiol.  In this study, significant Vtg protein induction was detected after 

two days and increases were found after 4 and 7 days, but mRNA levels followed the same trend 

and did not appear to plateau.  Schmid et al. (2002) showed both induction and withdrawal 

kinetics of vitellogenin in fathead minnows.  This study found that Vtg was not significantly 

induced in plasma levels until Day 21 of exposure to 17α-ethinylestradiol.  However, levels 

continued to be present in plasma 35 days after withdrawal of the chemical.  From this research 

we can conclude that gene expression is favored when fish are exposed briefly to estrogenic 

compounds, while ELISAs are preferred when fish are exposed for longer periods of time or to 

detect if fish have been exposed within the last two months to an estrogenic compound.  This is 

also reinforced by observations from Denslow et al. (1999).   
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1.4 Research with Medaka 

Japanese medaka (Oryzias latipes) have served as experimental fish since the early 

1900s.  They are a member of the rice fish family (Anichthyidae), with average lengths and 

weights between 25 and 50 mm, and as high as 0.8 g, respectively (Ankley and Johnson, 2004).   

Medaka do not require special water quality parameters and are generally pretty hearty.  They 

have a lifespan of around a year and females produce around 10 to 30 eggs per day after they 

reach sexual maturity (Ankley and Johnson, 2004).   Medaka are sensitive to estrogen or 

estrogen-like compounds, making them ideal for use with endocrine disruptor research.  Larval 

medaka also have the most extensively studied gonads as far as development and differentiation 

of any small research fish available.  This section describes medaka used in endocrine disruptor 

research in regards to their age, fecundity, use of in vitro work, chemicals exposed, and sampling 

procedures. 

Medaka are typically used for study of vitellogenin induction or other effects on the fish 

from exposure to endocrine disruptors.  They are used for studying both protein levels and gene 

expression levels of Vtg induction.  Medaka can be studied in vivo and in vitro as done by Scholz 

et al. (2004) who considered the effects of exposure to 17α-ethynylestradiol (EE2) and genistein 

in a static renewal set-up.  In this experiment, the water was changed at 90% every 2 days, and 

fish were transferred into a new aquarium every week.  The adult medaka exposure lasted for 4 

weeks, and the male larvae were exposed to EE2 for 23 days.  Also, medaka hepatocytes were 

isolated and exposed to 17β-estradiol.  Scholz et al. (2004) extracted RNA from livers of adult 

and juvenile fish and isolated cell cultures.  They measured Vtg mRNA using RT-PCR, 

according to standard protocols, and Vtg protein levels using a sandwich ELISA for blood 

plasma and primary culture supernatant.  An ELISA kit was used for whole body homogenates.  
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In this study, Vtg gene expression in adult medaka was induced by both EE2 (100 ng/L) and 

genistein (10 µg/L), and controls did not contain vitellogenin.  However, vitellogenin protein 

levels were between 1 and 10 µg/mL in controls and as high as 30,000 µg/mL in fish exposed to 

100 ng/mL EE2.  Juvenile (or larval) medaka showed Vtg protein levels increase from between 

0.1 and 1 µg/mL to between 100 and 1000 µg/mL after 100 ng/mL EE2 exposure.   

Further research by Cheek et al. (2001) considered the effect of o,p�-DDT on adult and 

juvenile male and female medaka.  In this study, DDT caused permanent organizational changes 

in the fish morphology and individual fitness, but caused less sensitive activational changes in 

Vtg induction.  Fertility (both male and female) and hatching success were the most sensitive 

parameters in this study.  DDT did induce Vtg after 8 weeks, but did not induce Vtg after a 2 

week exposure.  Cheek et al. (2003) performed a similar study looking at the biomarker 

vitellogenin and its sensitivity to DDT and anthracene (an estrogen antagonist).  Anthracene was 

found to disrupt the estrogen action in medaka, but not via the estrogen receptor.  DDT caused 

multiple effects in medaka after exposure.  In this study, Vtg induction occurred after other 

biomarkers had become prevalent.   

A similar study to the one performed by Cheek et al. (2003) considered the ability of 4-

nonylphenol (NP) and 4-tert-octylphenol (OP) to act as weak estrogens.  However, in this study 

the effect of these compounds had been proven, so in this case the goal of Seki et al. (2003) was 

to determine the lowest effect concentration of these compounds. Medaka were dosed as 

fertilized eggs through 60 days posthatch in flow-through conditions.  They were analyzed for 

effects on hepatic Vtg, hatching success, sexual differentiation, embryological development, 

posthatch survival, and growth.  NP was dosed at 3.13, 6.25, 12.5, 25, and 50 µg/L, while OP 

was dosed at 6.25, 12.5, 25, 50 and 100 µg/L.  There was no resulting impact on hatchability, 



 

 

22

abnormal behavior, or changes in appearance.  A loss of length and weight of fish was observed 

after they were exposed to the NP at 25 and 50 µg/L and with the OP at 25 µg/L.  Sex ratios were 

skewed toward female at concentrations of NP and OP greater than 25 µg/L and 50 µg/L, 

respectively, and no males could be sexually differentiated at 100 µg/L OP.  Vtg was determined 

using an ELISA, and was induced in a concentration dependent manner with both compounds.  

The NP control, NP solvent control, 3.13 µg/L NP, 12.5 µg/L NP, OP control, OP solvent 

control, and 6.25 µg/L OP did not have detectable Vtg.  Vtg levels were significantly higher in 

fish exposed to higher than 12.5 µg/L NP in both male and female medaka.  Also, Vtg levels 

were significantly higher in male medaka exposed to OP at higher than 12.5 µg/L, and in female 

medaka exposed to OP at levels higher than 50 µg/L.  

Tilton et al. (2003) used adult male and female Japanese medaka in a study looking at the 

effects of cadmium on endocrine-mediated responses.  Vtg expression, ER expression, plasma 

steroid concentrations, tissue indices, and steroid metabolism were all considered.  Both male 

and female medaka were exposed to 0, 1, 5, and 10 ppb of cadmium in aquaria for 5 weeks.  

Reproductive capabilities were considered in weeks 6 and 7.  This was considered a long-term 

exposure for this species given their short lifespan.  Western blot was used to quantify Vtg from 

plasma and liver.  Medaka did not have any significant differences in fecundity or spawning 

frequency.  Hatching success was higher in eggs from medaka exposed to 5 ppb cadmium.  

Cadmium did not affect percent fertilization, egg size, egg survival, and time to hatch; nor did it 

affect Vtg or ER levels.  Cadmium was found to disrupt the HPG axis at multiple sites in both 

male and female medaka, and affected steroid levels (estrogen and testosterone) and metabolism.     

Japanese medaka of the orange-red variety were used by Min et al. (2003) in a study that 

looked at the gene expression of the estrogen receptor (ER), cytochrome P450 aromatase 
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(CYP19) and the tumor suppressor gene, p53.  In this study medaka were exposed to 17β-

estradiol, nonylphenol, and bisphenol A.  Total RNA was isolated from medaka livers for 

analysis by RT-PCR.  The fish were exposed for 10 days to the chemicals. After the 17β-

estradiol exposure, the estrogen receptor gene expression increased immediately, and stayed high 

throughout the experiment; while the CYP19 gene increased steadily over time.  The p53 gene 

peaked after 1 day exposure, and then stayed at very low levels throughout the rest of the 

experiment. The same trend occurred with exposure to bisphenol A and nonylphenol. 

It is interesting to compare the vitellogenin levels induced after exposure to these variety 

of chemicals, as well as the vitellogenin levels found in the controls.  Scholz et al. (2004) used 

ELISA techniques to measure the Vtg protein and discovered that vitellogenin levels in controls 

varied between 1 and 10 µg/mL blood plasma.  When adult male medaka were exposed to 100 

ng/L EE2 or 10 µg/L genistein vitellogenin increased to between 10,000 and 100,000 µg/mL 

blood plasma.  Juvenile medaka controls contained between 0.1 and 1 µg Vtg per mL 

homogenate, while those exposed to 100 ng/L EE2 had levels as high as 1,000 µg Vtg per mL 

homogenate.  Seki et al. (2003) measured male medaka (60 days old) to have Vtg concentrations 

between 1 and 10 ng/mg liver.  At 44.7 µg/L NP exposure, male medaka had levels near 100 

ng/mg liver.  Levels increased more dramatically from OP exposure.  Controls in this experiment 

had levels between 1 and 10 ng/mg liver Vtg, while at 94 µg/L Vtg increased to near 1,000 

ng/mg liver. 

 

1.5 Chemotherapeutics 

Chemotherapeutics is a general term used to describe drugs that are used treat illnesses.  

In this report the term refers to chemicals in aquaculture that are used to treat either the water or 
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the fish for bacterial, fungal, or parasitic infections.  The majority of research with 

chemotherapeutics has been performed on salmonoids and catfish, though there has been some 

information obtained for perch, striped bass, and tilapia.  The chemotherapeutics that will be 

discussed in this section are oxytetracycline, Romet-30®, Chloramine-T®, copper sulfate, 

potassium permanganate, and formalin.  Information available on these chemicals includes, but 

is not limited to, toxicity data, residue studies, histological examinations and other side effects 

from exposure, as well as effectiveness of these chemicals.   

1.5.1 Oxytetracycline 

Oxytetracycline (OTC) is an antibiotic approved by the U.S. Food and Drug 

Administration for use with salmonoids, catfish, and lobsters (Rose and Pedersen, 2005).  It is 

also listed as one of the top 25 human pharmaceuticals in England (Jones et al., 2002).  For 

aquaculture, it is used to control Aeromonas-, Psuedomonas-, and Columnaris- bacteria types 

(Rawles et al., 1997).  In Italy, aquacultural uses include treating red mouth (Yersinia ruckerii) 

for rainbow trout, forunculosis (or carbunculosis) for trout, vibriosis for trout and sea bass, and 

Pastuerella for sea bass (Lalumera et al., 2004).  Oxytetracycline is also used for marking or 

labeling fish (Smith et al., 2003; Skomal and Natanson, 2003).  In these cases, fish are labeled 

and released into the wild.  When or if they are re-captured they are returned to the laboratory for 

growth or bone development comparison, and further examination.  Most research discussed in 

this section relates to OTC used in aquaculture; however, there will be some mention of 

oxytetracycline as a human pharmaceutical.   

Oxytetracycline, when used as an antibiotic (product name is Terramycin®, Haskell et al., 

2004), is typically administered to fish via feed in the U.S., with 2.5 g OTC per lb food of active 

ingredient included.  To help ensure fish consume the chemically treated food, they are generally 
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fed at only 1% body weight, much less than the typical 3% body weight standard.  Other dosing 

methods are also applied when appropriate.  For example, in one research project, adult perch 

(Lateolabras janopicus) and black seabream (Sparus macrocephalus) were dosed with OTC that 

was previously in tablet form before being dissolved in distilled water.  In this study, OTC was 

directly applied into each fish stomach using a plastic syringe (Wang et al., 2004).   

There have been some proven side effects of using oxytetracycline to rid of bacterial 

infections.  Studies have shown that oxytetracycline can damage the liver and cause 

immunosuppressive responses in exposed fish (Wang et al., 2004).  Oxytetracycline has also 

been reported to cause spinal deformities.  It has been found to affect blood and cause anemia 

problems in fish, as well (Omoregie and Oyebanji, 2002).   

Many residue studies have been performed to estimate how long fish should be held after 

exposure to OTC, before being sold for human consumption, so that humans aren�t consuming 

high levels of OTC.  One study exposed channel catfish fingerlings in two separate trials with 

two different diets.  The first diet was a semi-purified diet that contained more kilocalories (kcal) 

digestible energy per gram than the second diet.  The first diet also had a lipid component, which 

was a mixture of menhaden oil and catfish oil.   The second diet, an example of a typical diet in 

commercial fish production, did not have the lipid component, and had only 2.5 kcal digestible 

energy per gram.  Differences in residue between these two diets was significant.  Residue levels 

increased as the dose of OTC increased for fish fed the semi-purified diet, but did not change 

between weeks 4 and 8.  Residues were significantly different between weeks 4 and 8 for fish fed 

the commercial production diet.  Highest residues detected were 0.72 µg/g tissue (in 100% dose 

of commercial diet), and lowest residues were 0.06 µg/g tissue (in 25% dose of semi-purified 

diet) not counting controls, which did not detect any OTC in fish tissue (Rawles et al., 1997).  
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Residues in adult perch exposed to OTC were also measured in the blood, muscle, kidney, and 

liver.  After 5 days of exposure, samples had highest OTC levels in the liver, next highest in the 

kidney, then the muscle, and least in the blood.  Levels were 5.22 µg/g, 1.54 µg/g, 0.85 µg/g, and 

0.63 µg/g, respectively.  Half-lives of OTC for each sample type were 3.75, 3.09, 1.91, and 1.80 

days in liver, kidney, muscle, and blood.  Oxytetracycline was not detected in the liver of the 

perch above 0.01 µg/g after 33 days, and was removed from the muscle, kidney, and blood 

before this (Wang et al., 2004).  Black seabream has been found to have much higher residues 

than the perch in all tissues.  Wang et al. (2004) also looked at OTC in liver tissue which was 

measured immediately after dosing ended.  The liver contained 29.45 µg/g, while the kidney 

tissue contained 21.55 µg/g.  Muscle and blood OTC residues taken immediately after dosing 

was ended were statistically similar at 4.46 µg/g and 5.33 µg/g, respectively.  The seabream had 

much higher half-lives and much higher withdrawal times than with the perch.  Half-lives were 

between 4.20 and 5.13 days, and the calculated withdrawal time for removing OTC to below 

0.01 µg/g in the liver was 57 days (Wang et al., 2004).  Atlantic salmon pre-smolts were studied 

as to their OTC residues after a 10 day exposure.  Pre-smolts averaged 0.25 mg/L OTC in blood 

samples taken on Day 11 (Coyne et al., 2004).  After a 10 day exposure to OTC, adult rainbow 

trout had 2 µg/g detected in muscle and skin.  Levels declined after 5 days to only 0.6 µg/g 

(Bebak-Williams et al., 2002).     

Rigos et al. (2004a) studied the bioavailability of OTC in sea bass (Dicentrarchus 

labrax).  The goal of this study was to determine how much OTC actually reaches the fish 

through exposure via feed, and correspondingly, how much is released to the environment.  This 

study found that only 22% of the oral dose actually gets absorbed into the circulatory system of 

the sea bass while the remaining amount gets excreted.  Interestingly, research showed that sea 
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bass injected (40 mg/kg) with OTC had an area under the curve ( ∞→0AUC  ) of 529 µg h-1 mL-1, 

while those who were exposed to OTC through food (50 mg/kg) was 143 µg h-1 mL-1.  Lalumera 

et al. (2004) quoted a similar number saying typically 75% of most antibiotics get released back 

into the environment and avoid metabolization.  Rose and Pedersen (2005) say that as much as 

95% of OTC gets released in its parent state to the environment, meaning only 5% is actually 

absorbed by the fish.  Lastly, Rigos et al. (2004a) studied the adsorption of OTC and found that 

for sharpsnout sea bream (Diplodus puntazzo) and gilthead sea bream (Sparus aurata), 

absorption coefficients were 0% and 9%, respectively.  One hypothesis for the lack of absorption 

of OTC is its tendency to form complexes with divalent cations in the water.  It is also not very 

lipophilic and is not easily penetrated through membranes (Rigos et al., 2004a). 

Oxytetracycline concentrations in water, sediment, and biofilter sand were also analyzed 

in one study which exposed adult rainbow trout for 10 days.  Recirculated water was used in the 

experiment with make-up water added resulting in a total water volume turnover twice a day.  

Levels in the water declined from 0.5 µg/mL to 0.0 µg/mL between days 10 and 15.  The same 

occurred in the sediment concentrations, which declined from 1700 µg/g on Day 10 to 5 ug/g on 

Day 15.  Biofilter sand concentrations decreased more rapidly than in the fish tissue, but less 

rapidly than the water and sediment concentrations.  On Day 10 the biofilter sand held 15 µg/g 

OTC while on Day 15 it held 2 µg/g (Bebak-Williams et al., 2002).  This study showed that OTC 

can be removed from the water, sediment, and biofilter sand at levels below the limit of detection 

within 21 days.  It is quickly removed after exposure has ended in both water and sediment.  

Complete removal from fish tissue requires the longest period of time after exposure has ended, 

but is still removed to less than 2 µg/g by 21 days.  A model developed by Rose and Pedersen 

(2005) modeled the fate of OTC in streams that received aquaculture discharge.  There results 
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found that a constant residual of OTC was likely to be present in the sediments of water bodies 

receiving discharges and that the primary mechanisms of removal of OTC was through burial 

and advective transport.        

Whereas Bebak-Williams et al. (2002) looked at a pilot-scale study, and Rose and 

Pedersen (2005) considered a computerized model, Lalumera et al. (2004) set out to consider real 

world examples of OTC in the environment.  This research looked at the presence of OTC in fish 

farms in Italy.  A total of 5 fish farms were considered (2 trout and 3 sea bass).  They discovered 

that OTC was present in the sediment of these farms at sometimes high levels.  In one trout farm, 

OTC was found in the sediments at levels of 246.3 µg/kg, though the time that elapsed between 

the dosing and the sampling was not stated.  High levels of OTC were also found in the other 

trout farm (17.5 µg/kg before dosing occurred, and 8.3 µg/kg after dosing occurred).  Both farms 

keep fish in tank systems.  Even more importantly, in one of the sea bass facilities, OTC was 

detected in sediments 2 years after the last treatment.  

Also interested in the presence of OTC in the environment, Jones et al. (2002) created a 

model to predict environmental concentrations of many pharmaceuticals, and included in this list 

was OTC.  They estimated that over 27,000 kg of OTC are used per year, and that the predicted 

environmental concentration of OTC is around 0.83 µg/L.  This study by Jones et al. (2002) 

shines a new light into the presence of OTC in the environment by considering not only 

aquacultural releases, but also human releases.  

1.5.2 Romet-30® 

Romet-30® is approved by the FDA as an antibacterial treatment for fish suffering from 

bacterial pathogens.  It is widely used in aquaculture for treatment of channel catfish (Ictalurus 

punctatus) suffering from Edwardsiella ictaluri, and salmonoids infected with Aeromonas 
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salmonicida.  The chemicals ormetoprim (OMP) and sulphadimethoxine (SDM) are the active 

ingredients in Romet-30® and are added at a 1:5 ratio.  Ormetoprim potentiates the antimicrobial 

activity of sulphadimethoxine explaining why they are added in combination (Plumb et al., 

1987).   

Romet-30® is typically dosed to fish via food.  The standard dose is 50 mg of active 

ingredient per kg fish, and fish are typically fed at 1-1.5% body weight.  Unfortunately, Romet-

30® is less palatable to fish than unmedicated feed.  The main cause for the decreased palatability 

was the OMP levels (Poe and Wilson, 1989).  As these levels were increased, fish were less 

likely to consume the feed.  The ideal amount of OMP that fish could consume was between 

0.10% and 0.25% Romet-30® (with 0.25% being the maximum range) (Poe and Wilson, 1989).  

Another study determined that medicated feed was consumed as well as non-medicated feed 

when it contained at least 16% fish meal (Robinson et al., 1990).  Also, channel catfish 

fingerlings fed smaller pellets (formulated in the research but not dimensions listed) of Romet-

30® medicated feed had improved survival than fish fed larger (typically sized) pellets.  With the 

newly developed, smaller pellet feed, the fish were guaranteed more opportunity for food.  With 

the opposite scenario, the more aggressive fish obtained more food then the less aggressive fish.  

The catfish that were fed with smaller pellets also had improved growth rates (Johnson and 

Smith, 1994).  This is important considering Romet-30® has been found to slow down growth 

rate and feed efficiencies with catfish in other studies (Rawles et al., 1997).       

The effectiveness of Romet-30® has been considered in some studies.  With one study, 

the percent survival of catfish infected with E. ictaluri that were fed a control diet or a Romet-

30® diet daily, every other day, or every third day were compared.  The results showed that 

infected catfish had the best survival when fed a Romet-30® diet every third day.  Surprisingly, 
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fish that were fed Romet-30® medicated food for 5 consecutive days had the second lowest 

percent survival, with the control diet fed every other day having the lowest percent survival.  

Surprisingly, fish that were not fed during the experiment had the second highest percent 

survival.  One could conclude from this research that the best treatment for E. ictaluri may be to 

starve the fish (Wise and Johnson, 1998).   

Again, it is important to study Romet-30® residues in fish tissue after exposure.  A study 

with Atlantic salmon (Salmo salar) was performed considering tissue residues.  The salmon were 

fed with a syringe for 5 days at 5 g medicated feed per kg fish.  Samples were taken regularly for 

up to 32 days after exposures had ended from plasma, muscle, liver, and kidney.  Interestingly, 

the ratio of OMP to SDM changed depending on the type of sample analyzed.  Plasma contained 

up to 9 times more SDM than OMP, while the kidneys contained a tenth less SDM than OMP.  

In general, kidney tissues contained the highest levels of Romet-30 (28.00 µg/g OMP), and the 

blood contained the lowest levels (1.05 µg/L OMP).  The half-life of OMP is much larger than 

the half-life of SDM, and the kidney takes the longest of other tissues to rid the body of the 

chemicals.  The highest half-life was 410 days for OMP in the kidney after multiple oral dose 

administration (Samuelsen et al., 1997).  

1.5.3 Chloramine-T 

Chloramine-T® is a water treatment chemical that can be added to water to treat fish 

suffering from bacterial diseases.  It has not been approved by FDA for use, but is currently 

being considered through research for approval.  Chloramine-T® (n-chloro-para-toluene 

sulfonamide sodium salt) is being evaluated to treat fish suffering from bacterial gill disease 

(BGD) (Meinertz et al., 2004), columnaris disease caused by the bacterial pathogen 

Flavobacterium columnare, and monogenean trematodes (Altinok, 2004).  According to research 
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by Tieman and Goodwin (2001), Chloramine-T® is not successful in treating Ichthyophthirius 

multifiliis (�ich�). 

Chloramine-T® breaks down into hypochlorous acid (by release of hypochlorite OCL-) 

and para-toluenesulfonamide (p-TSA) when it interacts with water.  The hypochlorite ion and 

mono- and dichloramines are toxic to fish; therefore, fish should not be exposed to Chloramine-

T® for lengthy periods of time.  The toxicity of Chloramine-T® is controlled by pH, hardness, 

and water temperature.  Chloramine-T® is less toxic in water with higher pH, lower temperature, 

and higher hardness than in water with low pH, low temperature, and low hardness (Altinok, 

2004; Powell and Perry, 1998).   It has been found to be less toxic as stocking density increases 

(Powell and Perry, 1998).  In an effort to determine the toxicity of Chloramine-T®, juvenile 

goldfish that weighed 5.4 g were exposed to Chloramine-T® for 24 hours.  The LC50 for 

Chloramine-T® was found to be 24.3 mg/L.  The no adverse effect concentration was found to be 

15 mg/L.  Water quality characteristics in this study fell within the middle range of typical 

levels; temperature was 24°C, pH was 7.4 s.u., total hardness was 34 mg/L as CaCO3, and 

alkalinity was 28 mg/L (Altinok, 2004).  In another study with juvenile Atlantic sturgeon, the 96 

hr LC50 was determined to be 7.73 mg/L (King and Farrell, 2002).  However, the 1 hr LC50 for 

rainbow trout was found to be greater than 60 mg/L for both hard and soft waters (Powell and 

Harris, 2004), which is what we are most interested with, since this is the length of time 

proposed for fish being dosed with Chloramine-T® in aquacultural treatments.   

According to U.S. Fish and Wildlife Service (2005), Chloramine-T® is suggested to be 

dosed at one of three concentrations:  10, 15, or 20 mg/L.  Treatment is to be in a static or flow-

through bath for one hour.  Depending on the fish being treated, there are two recommendations.  

All fish can be treated one day per week as necessary for 1 hour.  For BGD with salmonoids,  
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and external flavobacteriosis with both salmonoids and non-salmonoids, a one hour treatment is 

recommended for three consecutive or alternate days (U.S. Fish and Wildlife Service, 2005).  

Research has been performed using concentrations between 5 and 20 mg/L for goldfish, rainbow 

trout, yellow perch, and striped bass (Meinertz et al., 2004; Dawson et al., 2003).   

There are some documented side-effects fish experience when exposed to Chloramine-

T®.  The first is the development of acid-base disturbances in fish.  With rainbow trout, Powell 

and Perry (1998) found that Chloramine-T® exposure can cause an increase in CO2, but did not 

find a corresponding decrease in blood pH.  A reduction in net acid uptake occurred upon 

exposure to Chloramine-T®, which is a sign that development of metabolic alkalosis (increase in 

bicarbonate levels increases blood pH) could be occurring.  After exposure to pTSA, however, 

an increased net acid uptake occurred, suggesting metabolic acidosis (decrease in bicarbonate 

levels lowering blood pH).  Also, ion losses were documented corresponding with exposure to 

Chloramine-T®, pTSA, and NaOCl.  These chemical disturbances caused respiratory and 

metabolic problems (Powell and Perry, 1998).  Secondly, Chloramine-T® has been found to 

suppress growth in adult rainbow trout after 11 weeks of biweekly 1 hour exposure.  Weight gain 

was significantly affected, and an initial decrease in specific growth rate (a function of initial and 

final mean weights) was observed (Sanchez et al., 1996).         

  Some research has been performed on tissue residues resulting from Chloramine-T® 

exposure.  Meinertz et al. (2004) investigated the residues from p-TSA, the major breakdown 

product of Chloramine-T®.  Rainbow trout, yellow perch, and hybrid striped bass were all 

studied.  Results showed that residues in each fish tissue were all less than 200 ng/g after 

exposure to 20 mg/L for 1 hr for 4 consecutive days.  The determined safe concentration for p-
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TSA in fillet tissue is 1000 ng/g, meaning that tissue concentrations in all fish met regulatory 

limits (Meinertz, et al., 2004).      

Chloramine-T® can be accurately measured in water using the N,N�-

diethylaminophenylenediaminechlorine (DPD) method and multiplying the value obtained by 

3.21 to account for stoichiometry.  The study performed found that even when water quality 

parameters were changed, the DPD method was still accurate.  The time between taking the 

sample and analyzing the sample was the only major influence on the effectiveness of the DPD 

method to be used in place of the high pressure liquid chromatography (HPLC) method.  The 

time lapse should be reduced to get best results using the DPD method (Dawson et al., 2003).    

1.5.4 Formalin 

Formalin is a mixture of formaldehyde gas (typically around 37%) and methanol 

(between 12 and 15%) and has been approved by the FDA for use as a parasiticide and fungicide 

for finfish and their eggs (King and Farrell, 2002; Sharp et al., 2004).  Methanol is added to the 

formaldehyde to prevent polymerization and the formation of paraformaldehyde, a toxic white 

precipitate.  The chemical formula for formalin is HCHO and its pH is between 2.8 and 4.0.  

Recommended doses for salmonoids are up to 250 mg/L for one hour in tanks and raceways 

below 10°C, and below 170 mg/L at temperatures above 10°C.  Doses are between 15 and 20 

mg/L in ponds.  For control of fungus growth on finfish eggs, recommended doses are 1,000 and 

2,000 mg/L (Masters, 2004).  

Some kinetics of formalin and formaldehyde removal in the environment have been 

documented.  Masters (2004) mentions unpublished research that predicts the half-life of 

formalin at 36 hours in surface water.  Other reported half-lives were between 1 and 10 days, 
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between 2 and 20 days, and 400 days (for formaldehyde in water with a hydroxide concentration 

of 10-17 mol) (Masters, 2004).  

Formalin has been said to cause a decrease in dissolved oxygen in tanks where it is used 

as a therapeutic.  This is due to its chemical oxygen demand (Speare et al., 1996).  Decreases in 

dissolved oxygen levels were measured twice over different time spans and formalin 

concentrations.  The first occurred from a formalin concentration of 51 mg/L.  After 1 hour the 

dissolved oxygen levels dropped from 6.26 to 5.99 mg/L.  The decrease in dissolved oxygen 

went from 7.59 to 6.68 mg/L over a 7 hour period, because of 4 mg/L formalin (Fajer-Ávila et 

al., 2003).  However, research with juvenile brook trout and rainbow trout did not show any 

changes in oxygen consumption at exposures up to 400 µL/L.  Chemical oxygen demand from 

formalin was not detected at levels as high as 1600 µL/L, and no dissolved oxygen decreases 

were detected during formalin exposures (Speare et al., 1996).   

Formalin has been found effective through research for treating many types of fish 

including kingfish (Seriola lalandi lalandi) and bullseye puffer fish (Sphoeroides annulatus) 

exposed to different types of parasites.  It was tested against two monogeneans discovered on 

kingfish in New Zealand (Benedenia seriolae and Zeuxapta seriolae).  The efficacy of two 

different concentrations of formalin (40% formaldehyde), 250 ppm and 400 ppm, for eliminating 

flatworm parasites and their eggs was considered.  Infected kingfish were exposed for 1 hour in a 

bath and the number of dislodged monogeneans were counted with a microscope.  Formalin was 

found to be 80.2% and 79.9% effective at dislodging parasites from fish at 250 and 400 ppm 

against B. seriolae, and 49.3% and 99.6% at 250 and 400 ppm against Z. seriolae.  However, 

formalin was not effective in killing monogenean eggs, many of which were able to hatch after 

being exposed to formalin (Sharp et al., 2004). Formalin was found effective in fighting the 
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dinoflagellate, Amyloodinium ocellatum, on bullseye puffer fish.  Formalin treatments at 51 

mg/L for 1 hour removed 97% of all parasites on the skin, and 68% of all parasites on the fish.  

Only 2% of infected fish did not survive.   After 7 hours of exposure at 4 mg/L, 66% of parasites 

were removed from the skin and 84% from the gills (Fajer-Ávila et al., 2003).  It has also proven 

effective at a dose of 25 mg/L in static water to treat Ichthyophthirius multifiliis (ich).  Ich was 

effectively treated in 50 mg/L static conditions, and 100 mg/L flow-through conditions; however, 

formalin was found to be more toxic at these doses (Tieman and Goodwin, 2001).  Formalin has 

been used in combination with malachite green and methylene blue, a mixture known as FMC, 

for the synergistic effect against ich (Meinelt et al., 2001).  However, the chemicals malachite 

green and methylene blue are not legal for use in U.S. aquaculture, and are only used overseas 

(Tieman and Goodwin, 2001). 

Formalin�s toxicity depends on the dose, water quality parameters, and exposure time.  

There is little known about the bioaccumulation of formalin breakdown products in the 

environment.  One generalization can be made that ictalurids (i.e. catfish) are more sensitive to 

formalin than salmonoids (i.e. salmon and trout) and centrarchids (i.e. bass) (Masters, 2004).  

Toxicity tests have been performed with many different fish to measure their toxicity to 

formalin.  Atlantic Sturgeon (Acipenser oxyrinchus) juveniles were found to have a 96-hr LC50 

of 31 µL/L.  However, they were able to tolerate as high as 150 mg/L formalin for 3 hours.  

Reported  96-hr LC50�s for striped bass, black bullheads (Ameiurus melas), green sunfish 

(Lepomis cyanellus), and Atlantic salmon were 30-56 µL/L, 62 µL/L, 173 µL/L, and 173 µL/L, 

respectively (King and Farrell, 2002).  Zebrafish (Danio rerio) exposed to FMC (a combination 

of formalin, malachite green, and methylene blue) had 144 hr LC50�s between 14.0 and 20.7 

µL/L depending on the level of calcium and humic substances in the water (Meinelt et al., 2001).  



 

 

36

Toxicity tests with bullseye puffer fish in seawater showed LC50 levels at 20 min., 30 min., 60 

min., 48 hr, and 96 hr to be 1604 mg/L, 1095 mg/L, 972 mg/L, 87 mg/L and 79 mg/L, 

respectively (Fajer-Ávila et al., 2003).  

1.5.5 Copper Sulfate 

Copper sulfate has been approved by the US Environmental Protection Agency for use as 

an algicide (Griffin et al., 1997), and can be applied at concentrations between 0.25 and 3 mg/L 

depending on hardness and other water quality parameters (Reardon and Harrell, 1990).  It has 

been successfully used to prevent off-flavors in catfish caused by cyanobacteria and blue-green 

algae (Tucker et al., 2001).  Additionally, it is used for treating fish infected with bacterial 

pathogens, and is considered an external parasiticide (Reardon and Harrell, 1990).  This chemical 

was first used successfully in 1922 in aquaculture to treat fish suffering with �columnaris 

disease,� paving the way for other aquacultural use (Griffin et al., 1997).     

When copper sulfate is added to water it releases free copper ion (Cu++).  This form of 

copper is highly toxic to fish.  It remains dissolved in water for a short time before it binds to 

organic matter, sediment, or other ions.  Copper ions are eliminated within 1 hr after application 

and pretreatment levels have been found to be attained after 24 hrs (Darwish et al., 2005).   

Copper toxicity depends mostly on alkalinity, though other water quality parameters such 

as salinity, temperature, and pH also play a role.  Toxicity is generally higher at low alkalinity, 

low salinity, and low pH (Reardon and Harrell, 1990; Straus, 2003).  Straus (2003) did not 

recommend dosing copper sulfate in waters with less than 50 mg/L alkalinity because of the 

acute toxicity.  Copper toxicity was examined by exposing the following aquatic species to 

various concentrations of copper oxychloride, cuprous oxide, and copper sulfate:  planktonic 

green alga (R. subcapitata), the water flea (D. similis), the snail (B. glabrata), and zebrafish (D. 
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rerio).  The results showed that water fleas were the most sensitive (24-h EC50 = 0.035 mg/L), 

and the second least sensitive was the algae (48-h IC50 = 0.297 mg/L).  Zebrafish were found to 

have a 24-h LC50 of 0.349 mg/L and a 96 h-LC50 of 0.094 mg/L.  These tests were performed 

with water that had a pH of 7.5 and hardness between 40 and 48 mg/L as CaCO3 (de Oliveira-

Filho et al., 2004).  Straus et al. (2003) considered the toxicity of copper sulfate to blue tilapia 

fingerlings and results included toxicity of copper at different pH, alkalinity, hardness, and 

carbon levels.  To do this, settled pond water was used and diluted by half with deionized water 

three times to have four sets of data each with different water quality parameters.  The LC50 was 

determined to be 43.06 mg/L at 100% pond water, 6.61 mg/L at 50% pond water, 0.69 mg/L at 

25% pond water, and 0.18 mg/L at 6.25% pond water.  This is an example of the extreme 

variation of copper toxicity with alkalinity.  Alkalinity of 100% pond water was 224.91 mg/L as 

CaCO3, and for 6.25% pond water was 15.52 mg/L as CaCO3 (Straus, 2003).  It is important to 

recognize that the proper dose of copper sulfate should be chosen carefully based on water 

quality parameters to ensure fish are not harmed by dissolved copper toxicity soon after 

exposure.  A recommended dose for copper sulfate is one application for pond treatment as an 

algicide.  For treatment of Ichthyophythirius multifiliis, four to seven doses spaced three to five 

days apart is recommended (Darwish et al., 2005). 

   The effectiveness of copper sulfate has been studied in detail.   Research on the 

effectiveness of copper sulfate to treat catfish infected with Ichthyophthirius multifiliis or �ich� 

has also been performed (Tieman and Goodwin, 2001).  Catfish were dosed with copper sulfate 

at 1 and 1.5 mg/L, and though the therapeutant was not able to save already infected fish, it was 

able to prevent the majority (66% and 90%) of uninfected fish from becoming infected.  Tieman 

and Goodwin (2001) suggest that the copper sulfate was able to kill all free swimming protozoa 
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in the water, but were not able to kill protozoa that had penetrated the skin of the fish.  However, 

Reardon and Harrell (1990) state that the protective nature of copper sulfate may be because 

copper is absorbed into the epithelium or mucous surface of the fish, thus, preventing bacterial 

cell attachment, such as F. columnaris bacteria.          

Copper has not been found to damage or alter any of the physiology of fish according to 

Darwish et al. (2005) who performed a study involving channel catfish.  The histopathology of 

the fish was examined.  No mortalities occurred, nor were there any lesions of any kind.  Areas 

of the fish investigated included the gills, liver, anterior and posterior kidney, spleen, axial 

muscle, pyloric intestine, heart, swim bladder, and cornea.  The final conclusions from this study 

were in support of the use of copper sulfate in aquaculture treatments (Darwish et al., 2005).  

The bioavailability of copper varies depending on adsorption to particles, complexation 

by organic matter, presence of cations, and pH (de Oliveira-Filho et al., 2004).  Adult catfish 

exposed to different levels of copper sulfate were measured for copper residues in their axial 

muscle and liver.  Copper does not bioaccumulate in the axial muscle of the fish.  However, 

copper was found to accumulate in the liver.  Liver copper concentrations increased as dose 

increased, and were higher for males than females.  Residues were 2.56 mg/kg for the control, 

9.81 mg/kg when dosed at 1.7 mg/L, 14.25 mg/kg when dosed at 2.7 mg/L, and 22.80 mg/kg 

when dosed at 3.6 mg/L (Griffin et al., 1997).  Griffin et al. (1997) also determined that the 

maximum tolerable dose for catfish was 3.6 mg/L, which was the highest dose used in this study.  

1.5.6 Potassium Permanganate 

Potassium permanganate (KMnO4) is an inorganic compound that has historically been 

used for treating fish with bacterial infections such as bacterial gill disease, and parasitic 

organisms such as species of Gyrodactylus, Chilodonella, Trichodina, Trichophyra, and 
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Epistylus.  In addition, potassium permanganate has been used as a fungicide in aquatic 

environments against Saprolegniales.  When added to a pond, potassium permanganate oxidizes 

organic matter, thereby, helping to reduce biochemical oxygen demand.   It acts as an oxidizing 

agent and when added to water, manganese dioxide and oxygen are formed.  Efficacy of 

treatments depends on organic loading in water body, and increases as organic loading decreases 

(Smith et al., 1995).  However, potassium permanganate is not presently approved for use by the 

FDA.  Regulatory action towards potassium permanganate has been deferred, pending outcomes 

of research (Straus and Griffin, 2001). 

Smith et al. (1995) found that there was no effect of potassium permanganate on Chinook 

salmon as they transitioned to saltwater.  The dose used in the study was 2 mg/L KMnO4 in 

freshwater for 1 hour for three consecutive days.  Yacoob et al. (2002) measured the effect of 

potassium permanganate on levels of taste receptors, specifically, L-methionine, L-argine, and 

quinine-HCL (QHCl).  Potassium permanganate was shown to decrease levels of some taste 

receptors during exposure; however, effects were reversible (Yacoob et al., 2002). 

A study was performed to determine the effectiveness of potassium permanganate in 

treating fish infested with ich, or Ichthyophthirius multifiliis.  The fish used in the study were 

juvenile channel catfish and blue tilapia.  In this study, it was found that 1 mg/L was effective in 

preventing infestation of ich in the catfish, while 0.5 mg/L was effective in preventing infestation 

of ich in the blue tilapia.  Also, channel catfish were 33 times more susceptible to ich than blue 

tilapia (Straus and Griffin, 2001).  Potassium permanganate was effective for treating fungal 

infections, protozoa, and Hemiclepsis marginata, at 1 mg/L, 10 mg/L, and 100 mg/L, 

respectively (Singhal et al., 1986).  Tieman and Goodwin (2001) found that potassium 

permanganate was not successful in removing ich from channel catfish fingerlings, and all of the 
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fish infected with ich died.  The dose used was 2 mg/L and both static and flow-through systems 

were tested.  Also, potassium permanganate was ruled ineffective in preventing uninfected fish 

from becoming infected (Tieman and Goodwin, 2001).   

 

1.6 Discussion 

Research has not considered the potential for chemotherapeutics to have estrogenic 

properties and influence vitellogenin levels.  In fact, no research has compared vitellogenin and 

chemotherapeutics to this date.  Perhaps this is because there is no reason to suspect a link 

between the two.  Martín-Díaz et al. (2005) came close to bridging these two areas of research in 

a study exposing shore crabs (C.maenas) to copper.  In this study, intermoult female crabs were 

exposed to copper at 15 µg/L for 21 days.  Haemolymph samples were taken once a week.  

Vitellogenin levels were measured from each sampling.  Controls had a mean of 5 ng Vtg per 

100mL haemolymph, and after 21 days exposure, vitellogenin increased to a mean of 10 ng Vtg 

per 100mL haemolymph.  Copper exposure increased vitellogenin levels in these crabs slightly 

after an extended period of time.  However, there is still no link to the effects of copper sulfate 

and vitellogenin. 

Another link connecting vitellogenin and chemotherapeutics was found in a study of 

triclosan.  Ishibashi et al. (2004) found that triclosan, an antibiotic common in the environment, 

was able to induce vitellogenin in medaka, and is the first found to link vitellogenin induction 

and antibiotics.  Triclosan is an antibacterial agent used in soap, shampoo, and cosmetics.  It is 

readily converted to chlorinated dibenzo-p-dioxins when exposed to ultraviolet irradiation or 

heat, and was measured for estrogenic characteristics, because it is structurally similar to other 

estrogenic compounds.  Reproduction parameters such as number of eggs and fertility were not 
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affected.  However, vitellogenin induction occurred in embryonic and 24-hr old Japanese 

medaka exposed to 20 and 100 µg/L triclosan.  Levels were induced from less than 100 ng/mg 

liver to as high as 250 and 400 ng/mg liver (Ishibashi et al., 2004).  From these results, triclosan 

most likely acts as a weak estrogen able to induce vitellogenin, but does not have any affects on 

reproductive parameters.             

Despite the lack of research considering the estrogenicity of chemotherapeutics, the 

subject is of great importance.  Wastewater streams and polluted water bodies have been found 

to have estrogenic characteristics.  George et al. (2004) measured vitellogenin in flounder in two 

estuaries of the United Kingdom.  Flounder from the Tyne estuary were found to have much 

higher vitellogenin than flounder in the Alde estuary; however, there was large variation in 

vitellogenin levels in fish.  Nakari (2004) studied three waste effluents from sewage treatment 

plants in Finland and found one effluent to be estrogenic based on vitellogenin levels and a sex 

ratio which favored females.  Additionally, pharmaceuticals, hormones and organic contaminants 

have been found in streams across the United States.  Tetracycline and oxytetracycline were 

found in 1.2% of samples taken from 84 streams in the U.S. at levels of 0.11 and 0.34 µg/L, 

respectively (Kolpin et al., 2002).  Kolpin et al. (2002) detected at least one of 22 antibiotics 

analyzed in 50% of samples taken.  Steroids were most commonly found present in the streams, 

and almost 90% of samples taken contained one of four different types of steroids.  Considering 

these facts, it is necessary to look at estrogenic characteristics of all chemicals that have yet to be 

studied, in an attempt to scientifically determine their contribution to the estrogenicity of a water 

body.    
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2   Measurement of Vitellogenin in Hybrid Tilapia Exposed to 17β-estradiol 

 

2.1 Abstract 

Tilapia are widely farmed in aquaculture, and easier methods for measuring vitellogenin in 

these fish are desired to better understand how chemicals affect their vitellogenin levels and act 

as possible endocrine disruptors in these aquatic animals.  Adult hybrid tilapia (Oreochromis 

niloticus x Oreochromis mossambicus x Oreochromis aureus) were exposed to a strong estrogen 

to induce vitellogenin and test the effectiveness of the Biosense (Bergen, Norway) medaka 

vitellogenin ELISA kit for specificity toward hybrid tilapia.  Tilapia were injected with 17β-

estradiol (E2) at 5 µg/g body weight (b.w.) in Experiments 1 and 2, or exposed to 2.5 µg/g b.w. 

E2 through aquaria water (dechlorinated tap water) in Experiment 3.  Experiment 1 was 

terminated due to fish illness.  Experiment 2 results showed differences between the male-

control, female-control, male-estradiol, and female-estradiol treatment groups (P<0.05); 

however, Tukey�s pairwise comparison showed no differences between treatment groups.  

Experiment 3 showed differences between many of the treatment groups, as well (P<0.01).  

However, vitellogenin levels in all treatment groups fell between less than the method detection 

limit (<MDL) and 1250 ng/mL.  Levels were very low compared to numbers reported in 

literature.  It can be concluded that the medaka vitellogenin ELISA kit is not reliable for 

measuring vitellogenin in tilapia.  

 

2.2 Introduction 

Tilapia are widely farmed in aquaculture.  Straus (2003) reports that they are ranked 

second only to carp as the most widely farmed fish in the world.  For these reasons, it is 



 

 

57

important to understand how these fish react to exposure to different aquaculture chemicals.  

Specifically, it is important to study whether certain chemotherapeutics or water treatments have 

estrogenic properties that affect the exposed fish.   

To test the estrogenicity, several different methods can be used.  First, fish can be observed 

for morphological changes after exposure to chemicals.  Also, fish reproduction and survival can 

be measured.  Other methods, which are relatively new, involve looking at protein or gene 

expression in the fish after exposure to chemicals.  In this study, the induction and measurement 

of the protein vitellogenin was used to test for estrogenicity.   

Tilapia vitellogenin has been measured successfully in research performed by Kishida and 

Specker (1994), Kishida and Specker (2000), Kim and Takemura (2002) and Kim and Takemura 

(2003).  In these studies, the antibodies that were used were developed specific to vitellogenin in 

tilapia by the laboratories performing the research  so that vitellogenin could be quantified.  

These procedures are described by Denslow et al. (1999).  Methods for measuring tilapia 

vitellogenin are not currently commercially available.  Biosense (Bergen, Norway) does sell a 

medaka Vtg antibody that is reported to cross-react with tilapia samples to detect tilapia 

vitellogenin.  Biosense also sells a Japanese medaka vitellogenin ELISA kit; however the 

laboratory had not tested the ELISA kit, which contains a different type of Vtg medaka antibody, 

on tilapia samples.  There has been no published work that successfully used medaka antibodies 

to measure tilapia vitellogenin.  However, Denslow et al. (1999) discussed that antibodies can be 

developed, which have a wide cross-reactivity among species, because of the fact that some 

types of Vtg appear to be highly conserved among species.  Nilsen et al. (1998) successfully 

developed antibodies against Atlantic salmon that had wide cross-reactivities to brown trout, 

rainbow trout, and Arctic charr, as well as fish outside the salmoniformes order: e.g. turbot and 
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halibut.  This discovery showed that an antibody developed from fish in one order, could cross-

react with fish in a different order.  Due to the fact that one type of Vtg medaka antibody from 

Biosense Laboratories claims to cross-react with tilapia, and that research has confirmed that 

antibodies developed from fish in one order can cross-react with vitellogenin from fish in another 

order, it was likely that the vitellogenin medaka antibody in the ELISA kit could cross-react with 

tilapia.   

The objective of this research was to test the hypothesis that the Biosense Japanese medaka 

Vtg ELISA kit can cross-react with, and successfully measure, vitellogenin in blood samples 

from estrogen exposed tilapia.  Accordingly, if vitellogenin can be specifically measured using 

these kits, the kinetics of vitellogenin will be studied to determine the time frame in which 

vitellogenin can be induced and removed from the tilapia.   

2.3 Materials and Methods 

2.3.1 Experimental Design 

Three experiments were performed and will be discussed.  These experiments occurred 

chronologically, and were performed progressively in an effort to perfect our methods and get 

better results.  Experiment 1 and Experiment 2 involved injecting fish with 17β-estradiol or a 

solvent control, while Experiment 3 involved exposing fish to these chemicals through the water.  

Each experiment involved adult male and female control and estradiol exposed hybrid tilapia.         

2.3.2 Chemicals 

17β-estradiol (>98%), heparin sodium salt (from porcine intestinal mucosa, Grade 1-A), 

bovine lung aprotinin ( ≥ 98%), and phosphate buffered saline (PBS, pH 7.4, 0.01 M PBS, 0.138 
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M NaCL, 0.0027 M KCL) were purchased from Sigma Aldrich (St. Louis, MO).  Ethanol 

(100%) was purchased from AAPER Alcohol and Chemical Co. (Shelbyville, KY).  

2.3.3 Fish Maintenance   

Male and female tilapia were obtained from Blue Ridge Aquaculture (Martinsville, VA).  

Each fish was kept in dechlorinated tap water in a 76 L aquarium filled with 68.5 +/- 0.75 L 

water.  Water quality parameters were as follows: Temperature=72-78°F, pH=7.3-8.0.  Other 

water quality parameters varied depending on the experiment.  Fish were weighed and sexed 

before they were transferred into their aquariums.  The mean weight of all fish used was 151 g 

(n=39, min.=99 g, max.=202 g).  Fish were kept on a 14 h:10 h (light:dark) schedule. Water was 

changed regularly depending on the following ammonia and nitrite constraints. 

Experiment 1:    NH4 < 2 mg/L 

                   NO2 <0.3 mg/L   

Experiments 2 and 3: NH4 < 0.50 mg/L 

    NO2 < 0.150 mg/L 

    NaCL = 1.45 mg/L ( ± 5 mg/L) 

2.3.4 17β-estradiol Exposure   

17β-estradiol (E2) was dissolved in ethanol and phosphate buffered saline (59/41 

ethanol/PBS) using heat (less than boiling) until dissolved.  The following three experiments 

were performed in consecutive order.  In the first two experiments fish received intraperitoneal 

injections of estradiol based on research performed by Chan et al. (1991), Kishida and Specker 

(1994), Lazier et al. (1996), and Inaba et al. (1997).  In the third experiment, fish were exposed 

to estradiol through their aquarium water.  At the end of each experiment fish were euthanized in 

MS-222 (3-aminobenzoic acid ethyl ester, methanesulfonate salt; Sigma Aldrich, St. Louis, MO) 
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at 150 mg/L in buffered, dechlorinated tap water, and examined internally to confirm sex and 

look for infections or abnormalities. 

Experiment 1  

Four male and two female tilapia received unsterilized dissolved estradiol proportional to 

their body weight (b.w.) to provide a concentration of 5 µg/g b.w. E2.  Three male and three 

female tilapia were exposed to a similar weight based volume of liquid as the estradiol exposed 

fish except these doses were 50/50 ethanol/PBS.  Injected volumes ranged from 125 µL (100 g 

fish) to 300 µL (196 g fish).  In this experiment one needle was used for injection of estradiol 

and the other needle for injection of the solvent control.  Fish were dosed on Day 0 and exposure 

lasted until Day 5.  Samples were intended to be taken every two to three days for two weeks; 

however, samples were taken only on Days 1 and 5.        

Experiment 2 

 Three male and three female tilapia received sterilized dissolved estradiol (5 µg/g b.w.) 

injections, while three male and females received control (50:50 PBS:ethanol) injections 

proportional to their body weight as in experiment 1.  Injection volumes ranged from 152 µL (99 

g fish) to 254 µL (166 g fish).  In this experiment, each fish had their own sterile injection needle 

to prevent bacterial spread between fish.  Fish were dosed on Day 0 and Day 5.  Samples were 

taken on Days 0, 3, 5, 7 and 10.        

Experiment 3 

 Three female and three male tilapia were exposed to estradiol through the water in their 

tanks instead of being injected.  Two female and four male tilapia were exposed to a control 

solution through the water.  Each fish received an E2 dose of 2.5 µg/g b.w through their aquaria 

water.  This time the control consisted of 59% EtOH and 41% PBS to match the ratio of solvents 
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in the estradiol mixture.  Applied volumes of estradiol and control mixtures ranged between 88.2 

µL (115 g fish) to 155 µL (202 g fish).  Fish were dosed on Day 0 and Day 7.  Blood samples 

were taken on Days 0, 3.5, 7, 10.5 and 14.        

2.3.5  Sampling 

 Blood samples (0.5 mL) were withdrawn from the caudal tail vessels of each fish using 

heparinized syringes.  Samples were mixed with aprotinin (2 TIU/mL sample) and kept on ice.  

Samples were immediately centrifuged at 3000 x g for 10 minutes at 4°C.  Supernatant was 

removed and stored at -74 ± 1°C.  In Experiment 1, 0.5 mL of blood was sampled, while, in 

Experiments 2 and 3 only 0.25 mL blood was sampled.   

2.3.6 Analysis 

Samples from Experiment 1 were not analyzed due to premature termination of the 

experiment.  Samples from Experiments 2 and 3 were analyzed using the medaka vitellogenin 

sandwich ELISA kits from Biosense Laboratories (Bergen, Norway).   

The following sample dilutions were prepared according to ELISA kit specifications for 

Experiment 2 samples:  1:500, 1:25000, and 1:1250000.   Sample dilutions for Experiment 3 

samples were:  1:10, 1:500, and 1:25000.   Samples were read with a plate reader at 492 nm.  In 

Experiments 2 and 3, samples of at least one fish from each treatment group (male-control, male-

E2, female-control, female-E2) were analyzed.   

 One-way ANOVA was used to analyze the variation in the logarithms of the absorbance 

values of the 1:500 dilutions using Minitab (version 12, State College, PA, USA).  When P was 

less than 0.05, Tukey�s pairwise comparisons were used to specify treatment group differences.  

Samples were grouped according to treatment group and were not analyzed based on sampling 

day. 
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2.4 Results 

Experiment 1 

 This experiment was terminated on Day 5.  Fish were not eating after the first round of 

injections.  Three fish died by Day 5.  After the experiment was terminated, the remaining fish 

were humanely euthanized and examined.  Three of these fish were found to have infections 

around their livers.  From this we concluded that the estradiol needed to be filter sterilized prior 

to injection, and that separate needles needed to be used for individual fish. 

Experiment 2 

 Mortalities also occurred in Experiment 2.  On Day 6, four fish died from the following 

treatment groups:  1 female-control, 2 female-E2, and 1 male-control.  On Day 8, three more fish 

died (1 female-control, 1 female-E2, 1 male-E2), and on Day 9, 1 male-E2 fish died.   

Of the samples analyzed, the samples from the exposed male tilapia had statistically 

lower absorbance readings, which correspond to vitellogenin levels, than the other treatment 

groups (P=0.039), as shown in Table 2.1.  However, Tukey�s pairwise comparisons detected no 

statistical difference between treatment groups, with regard to absorbance values.   

 

Table 2.1  Results from one-way ANOVA on logarithms of absorbance values from Experiment 2 

Treatment Group Mean n SD MStreatment MSerror F P 
Male Solvent Control -0.6062 3 0.0090 
Female Solvent Control -0.4427 2 0.2303 
Male Estradiol  -0.8628 5 0.0837 
Female Estradiol -0.5453 6 0.2520 

0.1277 0.0332 3.84 0.039 

 

The standard curve equation used to determine vitellogenin levels from resulting ELISA 

absorbance values was 0418.0)(0438.0)(0002.0 2 ++−= VtgVtgAbs (where Abs stands for the 
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absorbance reading from the plate reader, and Vtg stands for vitellogenin (ng/mL homogenate)).  

This equation had a correlation coefficient of 0.9946.  The range of the standard curve was 5 

ng/mL to 138,750,000 ng/mL Vtg (Appendix, Section 4, Figure A.3).  Figure 2.1 shows the 

vitellogenin levels in one tilapia from each treatment group over time.  Table A.1 (Appendix, 

Section 4) lists the numerical Vtg values.  Vitellogenin levels ranged from less than the method 

detection limit (MDL) to 436 ng/mL plasma.   
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Figure 2.1.   Vitellogenin levels in tilapia according to treatment group from Experiment 2. 
Numbers above bars represent day of sampling.  * Denotes values less than the MDL.  Where 
there is no bar no sample was analyzed. 
 

Experiment 3 

  In this experiment, there were no mortalities and fish were eating well.  Absorbance 

values for the 1:10 dilution were much lower than absorbance values for the 1:500 dilution.  This 
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caused question as to the validity of the results from the 1:10 dilution. Therefore, this dilution 

was ignored and only the 1:500 dilution data was analyzed.  Absorbance values from the 1:500 

dilution for Experiment 3 data were considered statistically different between treatment groups 

(P=0.000), as shown in Table 2.2.  In this experiment, samples from one fish from each 

treatment group were analyzed except for the male-estradiol group, in which samples from two 

fish were analyzed.  Tukey�s pairwise comparisons found that differences were detected between 

the following treatment groups:  

o male-control vs. female-control  

o female-control vs. male-E2 #2  

o male-control vs. female-E2  

o male-E2 #2 vs. female-E2 

o male-control vs. male-E2 #1 

 

Table 2.2  Results from one-way ANOVA on logarithms of absorbance values from Experiment 3 
Treatment Group Mean n SD MStreatment MSerror F P 
Male Solvent Control -0.85465 5 0.10986 
Female Solvent Control -0.54592 5 0.14212 
Male Estradiol (1) -0.57788 5 0.02663 
Male Estradiol (2) -0.72532 4 0.04518 
Female Estradiol -0.43152 5 0.01142 

0.13335 0.00739 18.04 0.000 

 

Vitellogenin was determined using the following standard curve:  

0586.0)(1352.0)(0021.0)(102)(104 23548 ++−⋅+⋅−= −− VtgVtgVtgVtgAbs , which had a 

correlation coefficient of 0.9999 (Appendix, Section 4, Figure A.4).  The range of the standard 

curve was between 0.912357 ng/mL Vtg and 92505.49 ng/mL Vtg.  Anything below this range 

was considered less than the method detection limit.  Figure 2.2 shows the vitellogenin levels in 

each of the five treatment groups exposed to either a solvent control, or estradiol in water.  The 
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maximum vitellogenin level reached was 1250 ng/mL on Day 10.5, in the female fish exposed to 

estradiol.  All numerical values can be found in the Appendix, Section 4, Table A.2.  
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Figure 2.2  Vitellogenin levels in tilapia according to treatment group from Experiment 3.   
Numbers above bars represent day of sampling.  * Denotes values less than the MDL.  Where 
there is no bar or *, no sample was analyzed. 
 

 

2.5 Discussion 

Experiment 1 was terminated because of unacceptable fish illness and mortality.  The 

cause of the mortalities could not be determined.  Several changes were made for Experiment 2 

in an effort to improve survivability.  In Experiment 2 sterile injection solutions were used, and 

separate needles were used for each fish to prevent transfer of microorganisms between fish.  
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Also, salt was added at approximately 1.45 mg/L, because of its therapeutic effect on fish.  Water 

changes were performed more often to keep optimal water quality, and less blood was sampled 

from the fish.  However, fish still became ill and many died before 14 days had been reached.  

From this we concluded that the injections were causing the infections in the fish.  Therefore, for 

the third experiment, fish were exposed to E2 through aquaria water.  This solved the problem 

with fish mortality and illness.  However, the actual amount of estradiol absorbed by the fish was 

unknown and could only be assumed to be that which was added to the water. 

From the second experiment, the male-control tilapia appeared to have higher 

vitellogenin levels than the male-E2 tilapia. Also, there appeared to be no difference between the 

female-control and female-E2 tilapia.  However, as there was no statistical difference between 

any of the four treatment groups according to Tukey�s pairwise comparisons.  Also, it should be 

mentioned that the healthiest fish of each treatment group were the fish from which samples 

were analyzed.     

   Experiment 3 results were quite different.  The male-control was measured to have 

vitellogenin levels at less than the detection limit.  The samples analyzed from one of the two 

male tilapia exposed to estradiol showed a significant increase in vitellogenin from the control, 

but the other was not significantly higher.  Also, the male-control had significantly less 

vitellogenin than the female-control, which was expected, but it is expected that the male-E2 

treatment group would have higher vitellogenin than the female-control tilapia, which was not 

the case.   The typical trend in vitellogenin levels is male-control<female-control<male-E2< 

female-E2 (Touart, 2003). 

Vitellogenin levels were extremely low in both experiments.  Levels of vitellogenin from 

the  female-E2 treatment group were in the same range as the male medaka controls (Chapter 
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1.4).  However, variation between treatment groups was relatively low (Appendix, Figures A.1, 

and A.2).  For Experiment 1, variation within treatment groups (MSerror, or biological error) was 

only 0.00739, while error between treatment groups (MStreatment, or error associated with 

chemical exposure) was 0.13335.  Error within treatment groups was only 5.25% of the total 

error.   For Experiment 2, MSerror, or biological error, was 0.0332, while MStreatment, or error 

associated with chemical exposure, was 0.1277.  In this experiment, biological variation was 

higher than for Experiment 2, and made up 20.63% of the total error. 

 No inference could be made about how vitellogenin was induced over time from these 

experiments, vitellogenin did not increase over time in fish.    

It was not unreasonable to expect vitellogenin to be induced through estradiol injections, 

and is actually quite common.  Chan et al. (1991) injected adult male tilapia with 0.2 mL of 

estradiol-17β at a concentration of 0.5 mg/mL daily for two weeks.  However, the steroid 

solution used in this case was 0.8% NaCL with only 1% ethanol.  In the present research, 

estradiol was dosed at 3.27 mg/mL (5 µg/g b.w.) with a solution that was 59% ethanol.  Inaba et 

al. (1997) performed injections of E2 dissolved in propylene glycol, twice a week for two weeks 

into the epaxial muscle (behind the head) of male fish at a dose of 20 µg/g b.w., which was four 

times the dose used in Experiment 2.  The volume injected by Inaba et al. (1997) was not 

specified.  Kishida and Specker (1994) injected fish with 5 µg/g b.w., but in this study the 

percent of ethanol used in the final injection mixture was only 14%.  Lazier et al. (1996) 

performed injections very similar to what was performed in the present study.  Lazier et al. 

(1996) injected tilapia intraperitoneally four times over a 10-day period with E2 at 20 mg/kg in a 

solution that was 50% ethanol/50% saline.  In Experiments 1 and 2, controls were exposed to a 

mixture of 50/50 ethanol/saline, as was used by Lazier et al. (1996).  However, even control fish 
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in the present experiments became ill.  No difference was detected between fish receiving 59% 

ethanol and 50% ethanol mixtures.  In future work, injection volumes should be made up of less 

than 50% ethanol and total injection volumes should be minimized to reduce adverse health 

effects in injected fish. 

 From these results, it can be concluded that tilapia vitellogenin is not specific to the 

medaka antibody used in the Biosense (Bergen, Norway) medaka vitellogenin ELISA kits.  

Vitellogenin values were between <MDL and 1250 ng/mL Vtg.  Kishida and Specker (1994) 

showed that vitellogenin in tilapia plasma in females ranged between 2 and 6 mg/mL depending 

on whether fish were brooding or not.  These levels are much higher than levels found in females 

in the current study.  Also, Sepúlveda et al. (2003) measured vitellogenin in large mouth bass 

(females weighed 212 +/- 2.11 g and males weighed 223 +/- 2.48 g), and found levels between 

0.002 mg/mL (or 2000 ng/mL) to 3.0 mg/mL (or 3,000,000 ng/mL) depending on the condition 

of exposure and whether the fish was male or female.  The large mouth bass used by Sepúlveda 

et al. (2003) resemble the size of fish used in the present study, but had much higher vitellogenin 

levels.  Numbers in this study, more closely resemble those found from vitellogenin induction in 

tilapia hepatocytes such as in work done by Kim et al. (2002) and Kim et al. (2003), and not 

vitellogenin levels found in plasma.   

 

2.6 Conclusion 

There is a strong need for commercially available kits that successfully measure 

vitellogenin in tilapia.  It is important to understand how chemicals affect fish endocrine systems.  

Due to the availability and popularity of tilapia, they are an excellent fish for studying chemical 

impacts.   
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This research confirmed that the Biosense medaka vitellogenin ELISA kit is not specific to 

vitellogenin in tilapia.  Vitellogenin levels in fish exposed to 17β-estradiol were very low and not 

at levels typically found in fish exposed to this compound.   
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3.1 Abstract 

 Japanese medaka (Oryzias latipes) were exposed to oxytetracycline at daily doses of 

0.0174g, 0.0348g, and 0.087g for 11 days, and Romet-30® at daily doses of 0.0261g, 0.0522g, 

and 0.1305g for 5 days in 76 L aquaria filled with 68.5 L (+/- 0.75 L) activated carbon filtered, 

zeolite-treated, municipal water.  In addition, fish were exposed to copper sulfate at 1.85 mg/L 

for one hour (for 1 day, 7 consecutive days, and every three to five days for a total of 7 doses) in 

1 L beakers filled with buffered aquaria water, and transferred back to aquaria after exposure.  

Vitellogenin levels were measured in fish using a sandwich enzyme-linked immunosorbent assay 

(ELISA).  Vitellogenin levels were not induced from exposure to oxytetracycline and Romet-30® 

(P>0.05); however, copper sulfate for one hour on one day showed a decrease in vitellogenin 
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from the control fish and other treatment groups (P=0.007).  Under the conditions of these tests, 

which are consistent with the manner in which these chemicals are used by fish health 

professionals, oxytetracycline, Romet-30®, and copper sulfate were not found to act as estrogenic 

compounds by inducing vitellogenin.    

Keywords:  vitellogenin, medaka, oxytetracycline, Romet-30®, copper sulfate 

 

3.2 Introduction 

  It has been well documented that organizational effects occur in fish after exposure to 

estrogenic chemicals, including sex-reversal, a decrease in gonad development, or other 

morphological changes.  However, activational effects such as changes in hormone dependent 

protein levels and/or gene expression after exposure to these chemicals have just recently been 

studied.  These effects are proving to be successful biomarkers, because their levels are 

proportional to chemical concentrations in water and can be quantitatively measured.    

 Japanese medaka have been used as a model for chemical testing since the early 1900s.  

Their biology is well-known and they have been used successfully in endocrine disruptor testing 

(Min et al., 2003; Seki et al., 2003; Tilton et al., 2003).  The Environmental Protection Agency 

(EPA) and Organisation for Economic Cooperation and Development (OECD) recommend these 

fish as models for endocrine disruptor chemical testing (Ankley and Johnson, 2004).  When 

using small fish as models, extrapolation across species is appropriate due to the similarities 

vertebrates have in their HPG (hypothalamus-pituitary-gonadal) axis, which controls the 

influence chemicals have on the endocrine system of fish.  This allows for results discovered 

from research with small fish (fathead minnow, medaka, and zebrafish) to be applied to much 

larger fish.   
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Recently, the estrogenicity of sewage treatment plant effluent (Faller et al., 2003; Nakari, 2004; 

Allard et al., 2004), industrial effluent (Sepúlveda et al., 2003; Allard et al., 2004), steroid 

hormones (Kishida and Specker, 2000; Sunny et al., 2002), and pesticides (Cheek et al., 2001; 

Cheek et al., 2003; Bringolf et al., 2004) has been researched to better understand the potential                            

impacts of environmental chemicals and effluents.  One specific hormone dependent protein, 

vitellogenin (Vtg), is a biomarker for detecting activational changes from exposure to estrogenic 

compounds, or compounds that trigger changes in the hypothalamus-pituitary-gonad (HPG) 

neuroendocrine axis (Hiramatsu et al., 2005).  Vitellogenin is a phosphoglycolipoprotein, a yolk 

precursor protein that is produced naturally by the liver in maturing female oviparous 

vertebrates.  This protein can be induced in males or juvenile fish if they are exposed to 

particular estrogenic compounds, which makes vitellogenin a useful biomarker for detecting 

estrogenic contamination in an effluent stream or water body.     

Aquaculture facilities often use chemotherapeutics, or drugs, for treatment of infections 

and diseases in fish.  Research on chemotherapeutics has focused on their effectiveness (Plumb 

et al., 1987; Samuelsen et al., 1997; Fajer-Ávila et al., 2003; Altinok, 2004; Sharp et al., 2004), 

palatability (Poe and Wilson, 1989), toxicity (King and Farrell, 2002; Fajer-Ávila et al., 2003; 

Altinok, 2004; De Oliveira-Filho et al., 2004; Sharp et al., 2004),  pharmacokinetics (Samuelsen 

et al., 1997, Wang et al., 2004), and environmental fate (Bebak-Williams et al., 2002, Jones et 

al., 2002; Lalumera et al., 2004; Rose and Pedersen, 2005), but none have focused on their 

estrogenicity.   

Oxytetracycline (OTC) is an antibiotic typically used in aquaculture for control of 

Aeromonas, Pseudomonas, and Columnaris type bacteria (Rawles et al., 1997).  It is ranked as 

one of the top 25 human pharmaceuticals used in England (Jones et al., 2002), and has been 
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detected in streams in the U.S. (Kolpin et al., 2002).  It is approved by the U.S. FDA for use on 

salmonoids, catfish, and lobster with specific withdrawal periods and doses specified for each 

(Haskell et al., 2004).  Its presence in the environment is due to its low bioavailability (Rigos et 

al., 2004b).  Studies have shown fish absorb as little as 0% to 9% of the compound (Rigos et al., 

2004b).  The rest is excreted unaltered (Rose and Pedersen, 2005), and residues remain in the 

sediments of rivers and streams, thereby exposing aquatic life (Jones et al., 2002; Lalumera et al., 

2004; Rose and Pedersen, 2005).  Romet-30® (ormetoprim (OMP)-sulphadimethoxine (SDM), 

1:5) is approved by the U.S. FDA for the treatment of channel catfish infected with E. ictaluri 

and salmonoids infected with A. Salmonicida (Plumb et al., 1987; Haskell et al., 2004).  Copper 

sulfate is used as an algicide, and for treating off-flavors associated with cyanobacteria and blue-

green algae in catfish (Reardon and Harrell, 1990; Griffin et al., 1997; Tucker et al., 2001).  

Although it is not currently approved as a fish therapeutant in the U.S., it is approved by the EPA 

as an algicide and for this reason is often used in U.S. aquaculture (Straus, 2003).   

The objective of this research was to use the biomarker, vitellogenin, to determine the 

estrogenicity of the chemotherapeutics oxytetracycline, Romet-30, and copper sulfate in medaka.   

 

3.3 Materials and Methods 

3.3.1 Chemicals 

Oxytetracycline and Romet-30® medicated feeds were obtained from Zeigler Bros., Inc 

(Gardners, PA).  Copper sulfate pentahydrate and 17β-estradiol (>98%) were obtained from 

Sigma Aldrich (St. Louis, MO).  Bovine lung aprotinin and bovine serum albumin (BSA, 

minimum 98%) were also obtained from Sigma Aldrich (St. Louis, MO).     
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3.3.2 Fish Maintenance 

Adult (pre-sexed) male medaka were purchased from Aquatic Research Organisms 

(Hampton, NH).  Activated carbon filtered, zeolite-treated, municipal water was used in the 

experiments to ensure the absence of chlorine and ammonia.  The medaka were kept in a static 

system in 76 L aquaria filled with 68.5 L (+/- 0.75 L) of water.  The aquaria water was filtered 

through crushed coral and activated carbon, then through carbon impregnated filter floss and 

regular filter floss that was packed in standard aquarium box filters.  Aquarium temperatures 

varied somewhat between systems and ranged from 23-26°C depending on their location in the 

room; however, water temperatures in individual tanks were constant within +/- 0.5°C.  The pH 

was kept between 7.3 and 8.0, and ammonia was kept below 0.010 mg/L.  Alkalinity was 

approximately 40 +/- 4 mg/L as CaCO3 and total hardness varied between 27 mg/L and 157 

mg/L CaCO3.  Fish were maintained on a 14 hr:10 hr, light:dark cycle.       

Water was changed as necessary based on ammonia and pH measurements.  Fish were 

acclimated for at least three days after being moved from the stock tank to an experimental tank.  

Medaka were fed TetraMin Tropical Flake Food (Tetra Werke, Melle, Germany), 1-3 times 

daily.   

3.3.3 Estradiol Exposure 

 17β-estradiol (E2) was heated (below boiling point) in ethanol and phosphate buffered 

saline (59/41 ethanol/PBS) until dissolved.  Male medaka were exposed to E2 at a concentration 

of 0.0552 µg/L on Day 0 and Day 7.  A water change was performed on Day 7 before redosing.  

Fish were exposed to E2 for 14 days.  Two fish were sampled on Days 0, 4, 7, and 14.  Also, two 

female medaka, not exposed to estradiol, were sampled on Days 0 and 7, as well.  This procedure 

was chosen based on work by Min et al. (2003), Tabata et al. (2003), and Scholz et al. (2004).  
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17β-estradiol has proven to be a strong estrogen able to induce vitellogenin in many fish species 

(Kishida and Specker, 2000; Bringolf et al., 2004), and therefore serves as a positive control for 

this experiment to demonstrate that the methods used are effective for measuring vitellogenin.       

3.3.4 Oxytetracycline Exposure 

Fish were dosed with OTC via feed (Finfish Booster, 38% protein, 12% fat, 4% fiber, 

12% moisture, 8% ash), containing 2.5 g OTC per lb feed.  Feed was ground using a mortar and 

pestle to pellet size appropriate for medaka consumption.   

Three trials were performed in three separate aquaria, each containing 6 male medaka.  

Trial 1 contained oxytetracycline at the recommended dosing of 1% body weight.  (Weight 

recommended to provide 55 mg of active ingredient per kg fish body weight).  Trials 2 and 3 

contained oxytetracycline at two and five times the recommended dosing, respectively, or 2% 

and 5% of body weight.  Total daily doses were 0.0174 g, 0.0348 g, and 0.087 g, based on a 

previously determined average medaka weight of 0.29 g.  Fish were dosed for 11 days and 

sacrificed on Day 12.  Controls were fed Tetramin Tropical Flake Food (Tetra Werke, Melle, 

Germany) and were sacrificed on Day 0.     

3.3.5 Romet-30® Exposure 

Medaka were exposed to Romet-30® in a similar manner to OTC.  Romet® medicated 

feed (38% protein, 12% fat, 4% fiber, 12% moisture, 8% ash) was dosed at 1.5% body weight 

(recommended dose to provide 50 mg of active ingredient per kg fish), 3% body weight, and 

7.5% body weight.  These dosages correspond to 0.0261 g (1x), 0.0522 g (2x), and 0.1305 g (5x) 

feed per day and were based on the previously determined average body weight of 0.29 g.  These 

three trials were conducted in separate aquaria containing 6 medaka each.  The fish in each 

aquarium were fed for 5 days and then sacrificed two to three hours after they were fed on the 
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fifth day.  Controls were fed Tetramin Tropical Flake Food only and were sacrificed on the first 

day.             

3.3.6 Copper Sulfate 

 Three trials were performed with copper sulfate based on discussion by Darwish et al. 

(2005).  In Trial 1, 8 medaka were exposed to copper sulfate for 1 hour.  In Trial 2, 8 medaka 

were exposed to copper sulfate for 1 hour each day for 7 days.  Finally, Trial 3 involved 

exposing 8 medaka to copper sulfate for 1 hour every 3-5 days for a total of 7 doses.  The control 

consisted of 8 medaka fed Tetramin Tropical Flake Food and not exposed to any copper sulfate.  

 Sodium bicarbonate (NaHCO3) and calcium chloride (CaCl2) were added to each of the 

four tanks used for the copper sulfate trials.  Alkalinity and hardness were increased to between 

150-180 mg/L, and 100-120 mg/L as CaCO3, respectively to reduce toxicity to copper sulfate. 

The pH ranged between 8.33 and 8.54.  Fish were acclimated to these conditions for at least 6 

days prior to experimental dosing.   

 The copper sulfate stock solution was prepared immediately before dosing as follows:  

0.010 g CuSO4 was dissolved in 100 mL activated carbon filtered and zeolite-treated municipal 

water.  Buffered aquaria water was withdrawn (981.5 mL) for stock dilution.  Copper sulfate 

stock (18.5 mL) was added to 981.5 mL buffered aquaria water in a 1 L beaker resulting in a 

copper sulfate solution of 1.85 mg/L.  Fish were transferred by net to the copper sulfate beakers 

for 1 hr and then returned to their tank.  On sampling days, fish were transferred immediately 

from CuSO4 exposure to transport containers for sampling.      

3.3.7 Sampling Procedures 

Fish were euthanized individually in MS-222 (3-aminobenzoic acid ethyl ester, 

methanesulfonate salt; Sigma Aldrich, St. Louis, MO) at 150 mg/L in buffered, activated carbon 



 

 

78

filtered and zeolite treated tap water.  Fish were immediately weighed and homogenized in a 

buffer solution (PBS with 1% BSA and 2 trypsin inhibitor units (TIU) aprotinin/mL), added 

proportionally to the fish weight (2 mL per g fish), using sterilized handheld tissue grinders.  The 

homogenized sample was collected using glass pipets and transferred to storage on ice.  Once all 

samples were collected, they were centrifuged at 14,000 x g for 30 minutes at 4°C.  The 

supernatant was collected and stored at -74°C +/- 1° C until analysis.  These procedures were 

specified by Biosense Laboratories (Bergen, Norway, 2005).   

3.3.8 ELISA Analysis 

 Samples were analyzed according to manufacturer�s instructions using medaka 

vitellogenin sandwich ELISA kits  (Biosense Laboratories, Bergen, Norway).  Samples were 

read with an ELISA plate reader at 492 nm. 

 The logarithms of the absorbance values were analyzed to provide the constant variance 

necessary for all analyses of variance (ANOVA).  A one-way ANOVA was performed with 

Minitab (version 12 State College, PA, USA) on 1:500 dilution absorbances from OTC, Romet-

30®, and copper sulfate experiments, and 1:25000 dilution absorbances from 17β-estradiol 

experiment.  Duplicates were performed for some oxytetracycline samples to determine the 

variation occurring from the methods.  All duplicate absorbances were averaged for one-way 

ANOVA.  A difference between treatment groups was determined if  P was less than 0.05.  

Tukey�s pairwise comparisons were performed when statistical differences were found (P<0.05).  

A mixed model ANOVA was performed with SAS (version 9.1.3, SAS Institute, Cary, NC, 

USA) to analyze subsamples of the oxytetracycline data.              

 A one-way ANOVA using Minitab was performed to analyze differences in fish weight 

between treatment groups in each chemotherapeutic experiment. 
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Vitellogenin values were determined based on standard curves developed from absorbance 

data for vitellogenin standards (MS Excel 2003, Redmond, WA, USA).   

 

3.4  Results 

3.4.1 Statistical Analyses 

 Table 3.1 shows the results from the one-way ANOVA for the E2 experiment.  The P 

value was 0.001 (P<0.05).  Mean square values that describe between group (MStreatment) and 

within group (MSerror) variation were 1.7525 and 0.0900, respectively. 

Table 3.2 shows all results from a one-way ANOVA statistical analysis of absorbance 

data from the chemotherapeutics experiments.  Oxytetracycline and Romet-30 analyses resulted 

in P values of 0.268 and 0.131, respectively.  The copper sulfate experiment had a P value of 

0.007 (P<0.05).  Tukey�s pairwise comparisons confirmed these results and showed that the 1-hr 

only treatment group was statistically lower than the control and other treatment groups.  The 

mean square error from subsamples analysis was 0.030299.    

Fish weight was found to be the same between all treatment groups in all three 

chemotherapeutic experiments using one-way ANOVA.  The oxytetracycline, Romet-30, and 

copper sulfate treatment groups had P values of 0.400, 0.179, and 0.250.   

3.4.2 17β-estradiol  

Estradiol treated fish showed statistically higher absorbances than controls (P=0.001).  

The standard curves used were (1) 0418.0)(0438.0)(0002.0 2 ++−= VtgVtgAbs  (where Abs 

stands for absorbance value reading determined from plate reader, and Vtg is vitellogenin in 

ng/mL homogenate) with a correlation coefficient of 0.9946, and (2) 057.0)(0953.0 += VtgAbs  
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with a correlation coefficient of 0.9941 since samples were divided into two groups and analyzed 

on two separate days for this experiment. 

The range of the first curve detected vitellogenin between 5 and 138,750,000 ng Vtg/mL 

homogenate (Appendix, Section 4, Figure A.3).  Anything less than 5 ng Vtg/mL was considered 

less than the method detection limit (<MDL).  The range of the second curve detected 

vitellogenin between 530 and 19,171,039 ng Vtg/mL (Appendix, Section 4, Figure A.5).  

Vitellogenin levels in male medaka exposed to E2 are shown in Figure 3.1.  A table of numerical 

values from this experiment is included in the Appendix (Section 4, Table A.3).  Vitellogenin 

levels in the two female medaka samples were calculated using the first standard curve and were 

289,389 ng/mL (Day 0), and 999,035 ng/mL (Day 7).       

3.4.3 Oxytetracycline  

Two fish died on Day 10 ( exposed to 0.0348 g OTC per day) and two fish died on Day 

11 (one exposed to 0.0348 g OTC per day, and the other exposed to 0.087 g OTC per day). 

Vitellogenin in medaka from oxytetracycline exposure was determined using the standard curve 

0124.0)(0618.0)(0002.0)(103)(104 23547 +++×−×= −− VtgVtgVtgVtgAbs  (R2 =1).  The 

standard curve covered vitellogenin values between 55 and 64,102,411 ng Vtg /mL homogenate 

(Appendix, Section 4, Figure A.6).  Vitellogenin levels in this experiment varied between <MDL 

and 38,961 ng Vtg/mL homogenate (Figure 3.2 and Appendix, Table A.4).   

3.4.4 Romet-30® and Copper Sulfate 

Vitellogenin levels in the experiments with Romet-30® and copper sulfate were 

determined from the standard curve, 0064.0)(2045.0 += VtgAbs , derived through linear 
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regression (R2 = 0.9993, Appendix, Section 4, Figure A.7).  The detectable range for Vtg from 

the standard curve was 13.29 to 4,882,813 ng Vtg/mL homogenate. 

Romet-30® exposure resulted in vitellogenin values between <MDL and 2,171 ng Vtg/mL 

homogenate as shown in Figure 3.3 (numerical values shown in Appendix, Section 4, Table 

A.5).  Medaka exposed to copper sulfate had Vtg levels as shown in Figure 3.4.  Levels range 

between <MDL to 957 ng/mL homogenate (numerical values shown in Appendix, Section 4, 

Table A.6).  

  

3.5 Discussion 

Previous research has not considered the estrogenicity of OTC, Romet-30®, or copper 

sulfate.  This could be because there has been no previous documentation of morphological 

changes in fish exposed to these chemicals.  However, vitellogenin induction from exposure to 

estrogenic compounds, does not necessarily precede or follow observable effects (Cheek et al., 

2003; Ishibashi et al., 2004).  Often no connection is discovered between the two (Cheek et al., 

2003; Ishibashi et al., 2004).  These chemicals were chosen because they are commonly used in 

aquaculture and although they have not to this date been reported to cause morphological 

changes in fish, have never been tested for weak estrogenic effects such as vitellogenin 

induction.       

The decision to measure vitellogenin protein levels versus mRNA expression was based on 

the fact that protein measurement is less technical and requires less experience due to  

commercially available ELISA kits.  Longer periods of exposure to estrogenic chemicals are 

required in order to detect an increase in vitellogenin protein levels as compared to Vtg mRNA 

expression (Denslow et al., 1999; Schmid et al., 2002).  However, research by Hemmer et al. 
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(2001) has shown that the vitellogenin protein can be induced in as little as two days in 

sheepshead minnow exposed to p-nonylphenol.  Thomas-Jones et al. (2003) detected protein 

induction after two days in rainbow trout exposed to 17β-estradiol.  A study conducted by the 

EPA detected vitellogenin induction after 7 days in medaka exposed to 17β-estradiol (Touart, 

2003).  Vitellogenin induction has been shown to continually increase due to continued exposure 

over a  35 day period with no plateau reached at 35 days (Schmid et al., 2002).  In the present 

research, medaka may not have had time to reach maximum levels of vitellogenin induction from 

chemotherapeutic exposures, but according to literature, there was ample time to show at least a 

significant increase.   

3.5.1 Oxytetracycline 

In the OTC experiment, there was no statistical variation in absorbance values between 

controls and treatment groups (P>0.05).  Oxytetracyline was not found to induce vitellogenin 

and did not have endocrine disrupting properties.  The deaths of fish exposed to 2 and 5 times the 

recommended dose (0.0348g and 0.087g) of oxytetracycline on Days 10 and 11 may have been 

toxicity related.  As water quality parameters in the experimental tanks were within acceptable 

limits, no water changes were performed during dosing, and accumulation of oxytetracycline in 

the water could have accounted for these deaths (Rigos et al., 2004b).  Also, deaths could have 

been caused from a combination of negative side effects of OTC, which compromised the health 

of the fish.  For example, Omoregie and Oyebanji (2002) found that oxytetracycline exposure 

caused a decrease in erythrocyte, leukocyte, and thromobocyte counts in juvenile tilapia.  Other 

reports document accounts of immunosuppressive side effects and liver damage from 

oxytetracycline exposure (Wang et al., 2004).   
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Additionally, Rose and Pederson (2005) found that only 5% of oxytetracyline actually 

gets absorbed by the fish, because not all food is consumed nor is the food that is consumed fully 

absorbed and metabolized.  Also, it is hypothesized that OTC is not easily absorbed due to its 

tendency to form complexes in water and the fact that it is not lipophilic.  Rigos et al. (2004a) 

have reported sharpsnout and gilthead sea bream absorption percentages higher than that stated 

by Rose and Pederson (2005), averaging 0% and 9%, respectively.  No tests have been 

performed to examine the absorption of oxytetracycline in medaka, so it is not known how much 

of the chemical fish in this experiment retained. 

Oxytetracycline is an antibiotic, and to this date, the only antibiotic found to be 

estrogenic is triclosan, an agent included in hand soap, shampoo, and other personal care 

products.  Ishibashi et al. (2004) found that triclosan induced vitellogenin in juvenile medaka 

exposed to 20 and 100 µg/L; however, there were no effects on other reproductive parameters.  

Triclosan has a chemical structure similar to other estrogenic compounds, and for this reason was 

more likely to have an effect on vitellogenin levels than oxytetracycline. 

Oxytetracycline is prevalent in the environment and has been detected in sediment around 

fish farms in Italy (Bebak-Williams et al., 2002).  Jones et al. (2002) predicted that 27,000 kg of 

OTC are used per year and that OTC is present in our environment at levels of around 0.83 µg/L.  

In another study, some streams in the United States were sampled for a variety of antibiotics, 

steroids, insecticides, detergents, antioxidants, and more.  Of the 84 streams analyzed for OTC, 

OTC was detected in one stream at a level of 0.34 µg/L (Kolpin et al., 2002).   

3.5.2 Romet-30® 

No statistical difference was found between the four Romet-30® treatment groups 

(P>0.05).  Romet-30® did not induce vitellogenin in male adult medaka and, for this reason, was 
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not found to be estrogenic.  Romet-30® consists of ormetoprim (OMP) and sulphadimethoxine 

(SDM) at a 1:5 ratio.  Romet-30® has had palatability issues from the ormetoprim (Poe and 

Wilson, 1989).  This was noticed to a small degree in medaka exposed to two and five times the 

recommended dose.  However, fish weight did not decrease over the dosing period, implying that 

fish were consuming enough food to maintain body weight.   

In research performed by Samuelsen et al. (1997), plasma and tissue levels of OMP and 

SDM reached steady state levels after three and eight days.  Medaka were exposed for five days 

to Romet-30®, and assuming similar physiology, enough time was allowed for fish to absorb the 

chemicals in their plasma and tissues before sampling.  The highest concentrations of OMP and 

SDM found in the liver of the salmon were 9.10 and 7.42 µg ml-1 (g-1), respectively (Samuelsen 

et al., 1997).  The presence of OMP and SDM in the liver may have an inhibitory effect on 

vitellogenin levels.  However, no prior research has been performed on the endocrine disrupting 

potential of these two chemicals.   

3.5.3 Copper Sulfate 

Fish were dosed with copper sulfate at 1 mg/L for every 100 mg/L alkalinity as described 

by Griffin et al. (1997).  Copper sulfate was dosed in one hour time intervals, because copper in 

its free form is eliminated after one hour by complexing with organic matter, and other ions in 

water, and sediment (Griffin et al., 1997).  Griffin et al. (1997) found that copper sulfate 

bioaccumulates in the liver of catfish proportional to dosing levels.  If the same is true of 

medaka, the presence of copper sulfate could have an inhibitory effect on vitellogenin induction 

in the liver.  Fish exposed for only one hour had statistically lower (P=0.007) vitellogenin levels 

than the control fish, showing a possible inhibition of vitellogenin.  However, vitellogenin 

protein levels are not usually affected over an hour time period (Scholz et al., 2004).   
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Shore crab are the only species found to have increased vitellogenin levels after exposure 

to copper.  In one study, shore crab (Carcinus maenas) were exposed to copper continuously at 

15 µg/L for 21 days (Martín-Díaz et al., 2005).  In our study, medaka were exposed to copper 

sulfate for only 1-hr periods at much higher concentrations (1.85 mg/L), which may explain why 

similar results were not observed in this study. 

Tilton et al. (2003) tested the inorganic compound, cadmium (Cd), on medaka to 

determine the compound�s endocrine disrupting potential.  In this study, exposure to cadmium 

did not induce vitellogenin levels, or cause any reproductive impairments in medaka exposed.  

However, cadmium did disrupt the HPG (hypothalamus-pituitary-gonadal) axis, which plays an 

active role in the endocrine system of oviparous vertebrates.  Cadmium also altered steroid and 

metabolism levels.  Gonadal estradiol and testosterone levels were decreased in males exposed to 

1, 5, and 10 ppb Cd, and the gonadal-somatic index (GSI, ratio of gonad size to whole body 

weight) was decreased in males exposed to 5 ppb Cd.  Measurements of estradiol and 

testosterone levels, and GSI measurements, are recommended in future work to detect whether 

copper sulfate disrupts the HPG axis in medaka, and thus, acts as an endocrine disruptor.               

3.5.4 Vitellogenin Variation 

Vitellogenin variation between treatment groups (MStreatment) and within treatment groups 

(MSerror) is shown in Table 3.3.  Variation within treatment groups is the biological variation and 

variation between treatment groups is variation from exposure conditions or chemical dosing.  A 

very small error, 0.030299, is associated with experimental methods (Section 3.1).  Excluding 

this experimental error, between 4.88% and 41.01% of the total error from these experiments is 

associated with biological error.  The percent variation between treatment groups of the total 

error is, therefore, 100 minus the variation within treatment groups of total error.   
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The oxytetracycline experiment resulted in the largest variation in controls with 

vitellogenin values from less than the MDL to 38,961 ng Vtg/mL homogenate.  Similar results 

have been documented in a study performed by the EPA (Touart, 2003).  Whole body 

homogenate samples varied between less than 1000 ng/mL Vtg to above 100,000 ng/mL Vtg in 

each of three samples analyzed by different labs, all using variations of ELISAs to analyze 

samples of unexposed adult male medaka.  Results from the same laboratory using the same 

method for all samples varied significantly as well (e.g., one laboratory detected between 

approximately 3,000 ng/mL Vtg and 300,000 ng/mL Vtg in uninduced males).  Liver 

homogenate samples followed a similar trend (Touart, 2003).   

Touart (2003) observed that the highest variability was noticed in whole body 

homogenates of uninduced male fish, when compared to other treatment groups.  This can be 

explained by the fact that larger variation occurs when measuring low vitellogenin levels.  

Middle range vitellogenin levels, on the other hand, had the lowest variation.  This explains the 

large variation in vitellogenin values that occurred from the present results. 

Fish were obtained pre-sexed, and the sex was not confirmed in fish before sampling.  

Instances of high vitellogenin levels could be the result of female fish placed with males. 

However, no egg laying was observed in tanks with male fish, and the highest vitellogenin levels 

reached in male controls (46,656 ng/mL Vtg) were still considerably lower than levels reached 

by female controls (289,389 ng/mL Vtg and 999,035 ng/mL) so this is not expected to have 

occurred. 

Vitellogenin in this study was measured using a sandwich ELISA, which tends to result 

in higher vitellogenin levels than the direct ELISA method (Touart, 2003).   
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3.6 Conclusion 

The results from this research show that under the conditions used by fish health 

professionals oxytetracycline, Romet-30, and copper sulfate do not induce vitellogenin in 

medaka, and therefore, are not likely to act as endocrine disruptors in farmed fish.  This is 

important considering these compounds are used worldwide for aquaculture and veterinary use.  

In addition, oxytetracycline is also used in human medicine.  Along with the intentional exposure 

of farmed fish to these chemicals, natural fish are also at risk of exposure through aquacultural 

and wastewater effluents.  Preventing estrogenicity of effluents is critical to the effort of 

reducing reproductive side effects in people who obtain drinking water from surface waters that 

receive these effluents, as well as for reducing sex-reversal in aquatic life and minimizing 

contributors that cause a degradation in aquatic life health. 

 Biological variation of vitellogenin levels in medaka vary significantly.  Biological 

variation was responsible for between 16.70%-41.01% of total variation occurring in treatment 

groups exposed to chemotherapeutics.  Large biological variation is expected in work with 

vitellogenin, and especially at low vitellogenin levels, as observed in this study.   
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Table 3.1  Positive control results using Minitab from one-way ANOVA on the logarithms of the absorbance 
values from the ELISA 

Treatment Group Mean n SD MStreatment MSerror F P 
Control -0.9359 6 0.2412 
17β-estradiol -0.1716 6 0.3490 

1.7525 0.0900 19.48 0.001 

n is number of samples, and SD is standard deviation.   
 
Table 3.2  Chemotherapeutic experiment results using Minitab from one-way ANOVA on the logarithms of 
the absorbance values from the ELISA  

Treatment Group Mean n SD MStreatment MSerror F P 
Oxytetracycline    0.909 0.632 1.44 0.268 
    Controls -0.7560 6 0.9526     
    1 x recommended dose -0.8773 6 0.7143     
    2 x recommended dose -1.5552 3 0.7085     
    5 x recommended dose -1.5698 5 0.7099     
Romet-30    0.524 0.248 2.11 0.131 
    Controls -0.9639 6 0.3921     
    1 x recommended dose -1.4860 6 0.5094     
    2 x recommended dose -1.0361 6 0.7269     
    5 x recommended dose -0.7931 6 0.2286     
CuSO4    1.237 0.248 4.98 0.007 
    Controls  -0.9624 7 0.5744     
    1-hr  -1.8543 8 0.4721     
    1-hr for 7 days -1.1142 8 0.3905     
    1-hr every 3-5 days -1.1443 8 0.5474     

n is number of samples, and SD is standard deviation. 
 
Table 3.3  Statistical variation between and within treatment groups  

Treatment Group 

Between 
Treatment 

Groups 

Within 
Treatment 

Groups 
% Within Treatment 

Groups of Total Error 
17β-estradiol 1.7525 0.0900 4.88 
Oxytetracycline 0.909 0.632 41.01 
Romet-30 0.524 0.248 32.12 
CuSO4 1.237 0.248 16.70 
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Figure 3.1  Vitellogenin induction in controls and estradiol exposed male medaka 
Numbers above bars mark the day when sampling occurred.  * Denotes samples with 
vitellogenin less than the MDL.   
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Figure 3.2  Vitellogenin in medaka controls and those exposed to oxytetracycline at 1, 2, and 5 times the 
recommended dose   
* Denotes samples with vitellogenin values less than the MDL.  
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Figure 3.3  Vitellogenin in medaka controls and those exposed to Romet-30 at 1, 2, and 5 times the 
recommended dose 
*Denotes samples with vitellogenin levels less than the MDL. 
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Figure 3.4  Vitellogenin in medaka controls and those exposed to copper sulfate 1 hr per day for 1 day, 7 
consecutive days, and every 3 to 5 days for a total of  7 exposures 
*Denotes samples with vitellogenin levels less than the MDL. 



 

 

97

4 Appendix 

Table A. 1  Tilapia absorbances and vitellogenin values from Experiment 2 

 
 
Table A. 2  Tilapia absorbances and vitellogenin values from Experiment 3 
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Table A. 3  Absorbances and vitellogenin values in medaka exposed to 17beta-estradiol 

 
* Denotes samples with vitellogenin calculated from second standard curve.  The rest were calculated from the first 
standard curve. 
 
Table A. 4  Absorbances and vitellogenin values from oxytetracycline exposed male medaka 
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Table A. 5  Absorbances and vitellogenin values in male medaka exposed to Romet-30® 
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Table A. 6  Absorbances and vitellogenin values from male medaka exposed to copper sulfate  
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Figure A. 1  Boxplot of logarithms of absorbance data from Experiment 1. 
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Figure A. 2 Boxplot of logarithms of absorbance data from Experiment 2. 
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Figure A. 3  Standard curve used for calculating tilapia and medaka vitellogenin 
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Tilapia Standard Curve y = -4E-08x4 + 2E-05x3 - 0.0021x2 + 0.1352x + 0.0586
R2 = 0.9999
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Figure A. 4  Standard curve used for calculating vitellogenin in Tilapia from Experiment 3 
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Linear Standard Curve y = 0.0953x + 0.057
R2 = 0.9941
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Figure A. 5  Second standard curve used to calculate vitellogenin levels in male medaka exposed to 17beta-
estradiol 
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Standard Curvey = 4E-07x4 - 3E-05x3 + 0.0002x2 + 0.0618x + 0.0124
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Figure A. 6  Standard curve used to calculate vitellogenin from OTC exposed medaka 
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Standard Curve y = 0.2045x + 0.0064
R2 = 0.9993
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Figure A. 7  Standard curve used to calculate vitellogenin levels from Romet-30® and copper sulfate exposed 
medaka 


