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ABSTRACT 
Triclosan (5-chloro-2-(2,4-dichlorophenoxy)phenol) is a commonly used 

bactericide present in many personal care products such as liquid detergents, liquid 

hand soaps, deodorants, cosmetics, creams, lotions, mouthwash, and toothpaste. 

Triclosan also can be added to fabrics, plastics, carpets, plastic kitchenware, and toys. 

Methyltriclosan is a derivative that is formed from triclosan via biological methylation 

at an unknown interval during waste water treatment. Methyltriclosan is more 

abundant in the environment, more lipophilic than triclosan, and has a greater potential 

to accumulate in fatty tissues. The global decline of amphibian populations has raised 

awareness surrounding the possible effects of poor water quality on the health of 

habitats. Since metamorphosis and reproductive development in amphibians is highly 

regulated by thyroid hormone (TH), and the structure of triclosan is similar to that of 

TH, there is the possibility that methyltriclosan may act on TH receptors to alter 

development. The response of Xenopus laevis embryos to various concentrations of 

methyltriclosan were tested in standard 96-hour Frog Embryo Teratogenic Assay-

Xenopus (FETAX) protocols. After the 96-hour FETAX exposure, the larvae were 

photographed and total body lengths, snout-to-vent lengths and crown widths were 

measured using image analysis. The data revealed that early embryonic exposure to 

environmentally relevant concentrations of methyltriclosan resulted in significant 

(p<0.05) alterations in all of the measurements made that differed from the 

concentration-related response to triiodothyronine. Furthermore, molecular studies 

were performed in whole body tissues of the 96-hour-exposed larvae to identify the 
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effects of methyltriclosan exposure on the TH-responsive gene, thyroid hormone 

bZIP. The results of the quantitative real-time polymerase chain reaction did not 

support the induction of TH/bZIP gene expression after exposure to environmentally 

relevant concentrations of methyltriclosan. We conclude that low environmental 

concentrations of methyltriclosan alter somatic growth in embryonic X. laevis through 

a mechanism that does not involve the activation of thyroid hormone receptors. 

Collectively, these data are the first to report on the responsiveness of vertebrate 

embryos to methyltriclosan exposure.   
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CHAPTER I 

AN INTRODUCTION TO TRICLOSAN AND METHYLTRICLOSAN 

Triclosan (5-chloro-2-(2,4-dichlorophenoxy)phenol) (TCS) is a bactericide found 

in many personal care products such as liquid detergents, liquid hand soaps, 

deodorants, cosmetics, creams, lotions, mouthwash, and toothpaste (Leiker et al., 

2009), and it is even used as a stabilizing agent in detergents and cosmetics (Chen et 

al., 2011). Triclosan also can be added to fabrics, plastics, carpets, plastic kitchenware, 

and toys (Leiker et al., 2009). It was first patented in the United States in 1964 

(Ferbabdes et al., 2011) and today 1500 tons of TCS are used annually worldwide, 

with 350 tons of that used in Europe (Bester, 2005).  Some brand names of TCS are 

Irgasan DP3000, Aquasept, Sapoderm, and Ster-Zac (Dann and Hontela, 2010). When 

TCS is used in fibers and other materials in this fashion, it can be called Ultra-Fresh, 

Amicor, Microban, Monolith, Bactonix, and Sanitized (Dann and Hontela, 2010).  

Triclosan is also incorporated into plastic food-contact materials to prevent bacterial 

growth, but in March 2010, the European Union banned its use in these products.  As a 

broad-spectrum antimicrobial product, TCS is used to stop Gram-positive and Gram-

negative bacteria and some fungal growth (Dann and Hontela, 2010; Queckenberg et 

al., 2010) which can explain its continual use in products. Although TCS was 

originally intended for use in hospitals, today it is being used extensively in personal 

care products and with increased consumption our environment is threatened by 

greater exposure and an increased risk of bacterial resistance.  
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1.1 Mechanisms of Action  

 

Triclosan is often used against bacteria and some fungi by entering or breaking 

the cell wall and targeting RNA synthesis (Dann and Hontela, 2010). The possible 

mechanisms of action for TCS in bacteria have been studied by numerous groups. 

Guillen et al. (2004) found that TCS can insert into the cellular membrane of the 

bacteria and disrupt the functionality of the bacteria without allowing the cellular 

components to leak out (Guillen et al., 2004). As an antibacterial, TCS has also been 

reported to disrupt the catalytic activity of the bacterial enzyme, enoyl reductase 

(EACPR), which ultimately impacts Type II fatty acid synthetase viability, which is 

crucial to bacterial reproduction and the formation of cellular membranes (Ward et al., 

1999). With the inherent antibacterial properties of TCS and its persistent use in our 

culture, it’s important to better understand its effectiveness in both clinical and home 

settings. 

Within the past decade, the addition of TCS to personal care products has 

increased substantially. Triclosan was approved in 1997 by the U.S. Food and Drug 

Administration (FDA) to be used in toothpaste at 0.3% to prevent the formation of 

gingivitis and cavities (FDA, 2008). Since then, TCS is used frequently in the United 

States and globally. In Sweden during 1998, 25% of toothpastes contained TCS 

resulting in the use of approximately 2 tons of the active ingredient alone (Lindstrom 

et al., 2002). Along with toothpaste, TCS is commonly used in soaps marketed as 

antibacterial. After taking inventory of brand name soaps in 10 national, 10 regional, 

and 3 Internet stores across the United States from December 1999 to April 2000, 



Texas Tech University, Meghan Cromie, December 2012 

 

3 

 

Perencevich et al. (2001) found that 76% of liquid soaps and 16% of bar soaps 

contained TCS (Perencevich et al., 2001). The role of TCS in soaps has been of 

concern due to the threat of bacterial resistance but 27 studies published from 1980 to 

2006 concluded that regular soap was just as effective as TCS-containing soaps 

(Aiello et al., 2007). Literature supports the effectiveness of TCS as an antibacterial 

with regards to hospital settings, but concerning its use around the household, 

increased use of TCS-impregnated products have not been shown to prevent infections 

(Perencevich et al., 2001), which can be problematic when it is heavily used by the 

general public and the increased occurrence of bacterial resistance.  

1.1.2 Bacterial Resistance  
 

Another negative effect of TCS is its contribution to bacterial resistance. As 

previously stated, TCS can interfere with the bacterial enzyme, EAPCR, which could 

act to initiate antibiotic cross-resistance. In response to this event, bacteria could 

progress in the formation of mutations associated with EAPCR (Russel, 2004).  

Antibacterial resistance research has been conducted using Stenotrophomonas 

maltophilia, a commonly studied Gram-negative bacterium in humans that is difficult 

to treat (Hernandez et al., 2011). Hernandez et al. (2011) found that TCS could induce 

a phenotypic resistance to antibiotics since TCS induced the expression of a critical 

antibiotic- and TCS-removing pump.  The selectivity of biocides similar to TCS to 

select antibiotic resistant bacteria has been exhibited in laboratory settings, but is still 

under investigation in natural applications (Hernandez et al., 2011). This study shows 

that not only is the increasing threat of bacterial resistance of concern, but the 
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environmental influence of anthropogenic chemicals like TCS make it evident that 

gaining a basic knowledge of these compounds is crucial to preventing any negative 

effects. With the continual use of TCS as a wide-spectrum antibacterial, it is critical 

that we understand the mechanism of action of this compound in the environment, but 

also physiologically. 

Since the 1970s, much research has been conducted on the effects of TCS on 

different animal models (Rodricks et al., 2010; Dann and Hontela, 2010), but with the 

perpetuation of a culture reliant on the overuse of antibacterial products, more 

consumers are reporting negative side effects of exposure such as irritation to the skin 

and enhanced allergic susceptibility (Campbell and Zirwas, 2006). More specifically, 

TCS can result in photoallergic contact dermatitis and eczematous rash (Durbize et al., 

2003). According to the literature review compiled by Rodricks et al. (2010), they 

concluded that there is:  

“no evidence of triclosan-associated toxicity following exposure at concentrations 

consistent with those currently used in commercially marketed toothpaste or 

mouthwash products and topical use products (<0.1%-0.45%).”  

 

Both of these articles have conflicting conclusions but often times studies are unable 

to account for the physiological diversity of consumers. Most of the literature and 

studies focus on concentrations found in personal care products and they expose study 

participants once, the average consumer uses various TCS-containing products each 

day and sometimes multiple times a day. Along with greater incidences of negative 

side effects in humans, the role of environmental exposure is of concern. With 

potentially large amounts being disposed of each year, TCS and its associated 
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metabolites have the ability to adversely impact the environment and the ecosystems it 

supports. 

1.2 Chemical Properties of Triclosan and Methyltriclosan 

 

With TCS already a potential threat to numerous ecosystems, few researchers 

have investigated the potential effects on aquatic wildlife of the TCS degradation 

product, methyltriclosan (2, 4, 4’-trichloro-2’-methoxydiphenyl ether).  

Methyltriclosan (MTCS) is formed via biological methylation during waste water 

treatment (WWT). Both TCS and MTCS are similar in that they contain two phenolic 

rings linked via an ether bond, with MTCS containing an additional methyl group. 

TCS and MTCS have been classified as halogenated aromatic hydrocarbons. At room 

temperature TCS is a white to off-white powder that’s highly soluble in ethanol and 

acetone (FDA, 2008). The molecular formula is C12H7Cl3O2 and it has a molecular 

weight of 289.55 (Dann and Hontela, 2010). The melting point ranges from 55-57°C 

and a solubility in water of 0.01 g/L. The pka of TCS is 7.9 and the log Kow of 4.76 

(Dan and Hontela, 2010; FDA, 2008; Wang et al., 2004). There is little data published 

regarding the physical and chemical properties of MTCS to date. At room 

temperature, MTCS is a viscous, clear to light tan liquid and it is more lipophilic than 

TCS with a log Kow of 5.2 (Dann and Hontela, 2010). Concerning exposure, these 

chemical properties help provide a potential explanation for bioaccumulation and 

sedimentation in the environment.  
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1.3  Wastewater Treatment of Triclosan and Methyltriclosan 

 

Both TCS and MTCS have been measured in surface waters around the world 

(Dann and Hontela, 2010) due to the varying efficiency of the different WWTs 

offered.  The majority of TCS studies investigated activated sludge treatment of waste. 

Approximately 90-96% of TCS is removed from the influent received by the waste 

water treatment plant (WWTP) and 5% is converted into MTCS (Chen et al., 2011; 

Bester, 2004; Singer et al., 2002). There are three important components of WWT: 1) 

aerobic, 2) anoxic and 3) anaerobic, with the aerobic step, or activated sludge step, 

removing the largest amount of TCS after 80 hours (49%) (Chen et al., 2011). During 

the study conducted by Chen et al. (2011), activated sludge treatment removed a 

majority of TCS after 150 hours, whereas MTCS remained at the same concentration 

after 100 hours, and reached its highest concentration at 120 hours (Chen et al., 2011). 

These results indicate the difficult nature of MTCS-degradation and the slight 

presence of TCS after WWT. It is important to understand these processes to help 

explain the concentrations of TCS and MTCS measured environmentally and their 

environmental relevance. 

1.4 In the Environment 

 

The small percentage of TCS and MTCS released into water systems from either 

WWTP effluent or direct introduction is subject to photodegradation or photolysis, 

which results in chlorinated toxins such as chlorophenols and chloroform, as well as 

dioxins (Farre et al., 2008; Dann and Hontela, 2010). The photodegradation of TCS 
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can result in the formation of 2,4-dichlorophenol and 2,4,6-trichlorophenol, which are 

both chemicals that have been regarded as priority pollutants by the US Environmental 

Protection Agency (USEPA) (Kanetoshi et al., 1987). Chloroform and other 

chlorinated products can form when TCS reacts with free chlorine or chloramine (Rule 

et al., 2005). The formation and contamination of dioxins in TCS has also been of 

concern since dioxins are carcinogenic, and can act to depress the immune system, 

decrease fertility, cause birth defects and miscarriages, alter sex hormones and cause 

cancer (Latch et al., 2003). Mezuca et al. (2004) found that water and wastewater 

samples containing TCS that underwent photolysis had 2,7/2,8-dibenzodichloro-p-

dioxin form as a by-product (Mezcua et al., 2004; Latch et al., 2003). Although the 

percentage of these toxic compounds that are produced by TCS are negligible, the 

environment is still receiving exposure on a regular basis and from multiple 

contaminants. 

Unlike TCS, MTCS is not nearly as vulnerable to photodegradation, which could 

potentially result in greater environmental concentrations, especially during summer 

months (Lindstrom et al., 2002). Another factor influencing water concentrations is 

the short half-life of TCS. Triclosan has a half-life of 2.1 to 3.3 hours in shallow 

waters compared to MTCS (Sabaliunas et al., 2003). When measuring TCS and MTCS 

in the environment, Leiker et al. (2009) used Semipermeable Membrane Devices 

(SPMD) and high resolution mass spectrometry to quantify the amount of MTCS and 

halogenated analogues in Las Vegas Wash, Nevada. The concentration of TCS was 

0.40µg/L and MTCS was found at 0.04 µg/L (Leiker et al., 2009). Using magnetic 
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particle immunoassay along with solid-phase extraction and gas-chromatography-mass 

spectrometry of 95 samples collected around the Mediterranean, Kantiani et al. (2008) 

found raw influents to contain an average TCS concentration of 10 µg/L (Kantiani et 

al., 2008). Triclosan removal from WWTPs in the tested areas ranged from 30-70% 

(Kantiani et al., 2008). Ferbabdes et al. (2011) found in Australia that WWTP 

removed 72-93% of TCS from the influent but both TCS and MTCS were sequestered 

into marine and fresh water sediments (Ferbabdes et al., 2011). The numerous studies 

examining the removal of TCS from influents and its continual persistence after WWT 

highlights the need for better removal technologies and a greater knowledge of the 

impacts of TCS and MTCS on aquatic habitats.  

Approximately 95% of TCS that’s produced is used in consumer care products, 

where it is received by WWTPs (Reiss et al., 2002). Anywhere from 80-96% of TCS 

can be removed from the influent, but the remaining portion, as discussed earlier, is 

present in the effluent and the environment faces the threat of exposure (Bester, 2004; 

Kantiani et al., 2008). Coogan and Point (2008) examined the effect of WWTP runoff 

from the city of Denton, Texas on algae and snails for 2 weeks. The algae 

(Cladophora spp.) and snails (Helisoma trivolvis) contained Triclocarban (TCC), TCS 

and MTCS below the quantitation limits and the exposure water contained 

concentrations ranging from 40-200 ng/L. After the exposure the algal and snail 

bioaccumulation factors were three orders of magnitude higher, which suggests that 

TCS and MTCS have the potential to accumulate in tissues in a short time span 

(Coogan and Point, 2008).  
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Along with the previously described bioaccumulation studies, DeLorenzo et al. 

(2007) studied the impact of TCS on estuaries located in Charleston Harbor, SC. The 

highest concentration of TCS measured at the testing site was 0.001 µg/L. When 

examining the bacterium Vibrio fischeri, the 15 min aqueous half maximal inhibitory 

concentration (IC50 value) was 53 µg/L and the 15 min spiked sediment IC50 

concentration was 616 µg/kg. The phytoplankton, Dunaliella tertiolecta, was the most 

sensitive model species tested and it had a 96 h half-maximal effective concentration 

(EC50) of 3.55 µg/L. Finally, the grass shrimp Palaemonetas pugio were tested at 

three different life stages: embryo, larval and adult. The larvae were the most sensitive 

to TCS exposure with 96 h median lethal dose (LC50) values of 651 µg/L for 

embryos, 154 µg/L for larvae and 305 µg/L for adults. When sediment was introduced 

to the experiments, the toxicity of TCS decreased for the adult P. pugio. After P. pugio 

adults underwent 14-day exposures to 100 µg/L TCS, MTCS accumulation occurred. 

The authors concluded that increased TCS concentrations have the ability to form the 

MTCS metabolite in seawater and potentially bioaccumulate in organisms exposed 

(DeLorenzo et al., 2007). This study not only provides important exposure data 

regarding estuarine organisms, but it also highlights the importance of sediments in 

TCS exposure and the possible biotransformation and accumulation of MTCS in 

tissues.  

 Due to the lipophilic nature of both TCS and MTCS, many studies have 

examined their bioaccumulation in fishes. Balmer et al. (2004) did not find 

quantifiable amounts of TCS using SPMDs in lakes in Switzerland. However, the 
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researchers noted the potential for bioconcentration of MTCS in tissues of aquatic 

organisms since the lipid-based concentrations of MTCS were greater than those 

found in the lake surface waters (Balmer et al, 2004). Boehmer et al. (2004) examined 

fish tissues from the German Environmental Specimen Bank. Consistent with other 

findings, TCS concentrations were negligible and MTCS was found to have increasing 

concentrations in fish muscles (Boehmer et al., 2004). When Leiker et al. (2009) 

measured the bioaccumulation of MTCS in male common carp (Cyprinus carpio) 

located in Las Vegas Bay, Nevada, they found MTCS in whole-body tissues of all 29 

males sampled. Using high resolution mass spectrometry the mean concentration was 

found to be 596 μg/kg wet weight (w/w) (Leiker et al., 2009). With the results from 

these tests it’s evident that MTCS poses a serious threat to aquatic populations and the 

overall effects of MTCS accumulation must be discerned.   

The bioaccumulation of TCS and MTCS in humans is also an area of concern due 

to its lipophilic qualities and its ability to withstand environmental degradation (Farre 

et al., 2008). Triclosan has been measured in human breast milk, further exhibiting its 

lipophilic nature, which suggests the ability of MTCS to bioaccumulate in human 

tissues as well (Dayan, 2007). Geens et al. (2012), measured the presence of TCS in 

the livers of 10 out of 11 autopsied patients, at a mean concentration of 3.14 ng/g. 

Seven out of the 11 patients had a mean concentration of 0.61 ng/g in adipose tissue 

and a single patient had measurable amounts of TCS in the brain, but the rest of the 

subjects were below the limit of quantitation (Geens et al., 2012). With several studies 

implicating the accumulation of TCS and MTCS in human tissues, it’s important that 
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we collect more information of different tissues and examine the relevance of these 

findings and along with that, to see if there are negative health effects associated with 

bioaccumulation.  

1.5 Mutagenic Studies  

 

Additional research has been conducted on prokaryotic and eukaryotic cell lines to 

observe the mutagenic and genotoxic effects of TCS. In a literature review written by 

Rodricks et al. (2010), they found that of 24 in vivo and in vitro tests, only 3 had 

positive responses, and of those, none were repeated by other groups (Rodricks et. al., 

2010). Tests that were conducted included the Ames assay, sex-linked recessive lethal 

test in Drosophila melanogaster, thymidine kinase assay, chromosomal aberration 

studies, unscheduled DNA synthesis assay, and a mouse spot assay (Rodricks et al., 

2010). With little evidence implicating TCS as a mutagen, it is important to determine 

if all of the studies and models were appropriate and if all tests have been exhausted.  

1.6  Metabolism 

 

With any compound used regularly by the general public, many companies 

study the absorption, distribution, metabolism, and excretion (ADME) of the drug of 

interest. Triclosan absorption studies have been conducted on the following mammals: 

mouse, rat, hamster, guinea pig, guinea, rabbit, dog, monkey, and human. In humans, 

no skin irritation was observed after short and long-term exposure to 0.3%, 1%, 5%, 

and 20% concentrations of TCS; with most commonly used products containing 0.3% 

TCS (Colgate-Palmolive Company, 1972). Queckenberg et al (2010) calculated 
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percutaneous absorption of standard adult TCS-doses and used urinary excretion and 

found the average to be 5.9%. Overall, they found that the systemic exposure levels 

were 891 times lower than the no observed adverse effect level acceptable for humans, 

indicating that dermal exposure to TCS in humans should not be of concern 

(Queckenberg et al., 2010). Both dermal and oral applications have been assessed in 

some of the animal models, but adverse reactions to TCS were typically seen at higher 

doses after prolonged exposure (Rodricks et al., 2010). Despite these findings, some 

groups of people experience an allergic or photosensitive response to TCS, indicating 

that laboratory tests are not representative of the entire populations.  

In animals and humans TCS is metabolized to glucuronide and sulfate 

conjugates but at different ratios depending on the organism (Rodricks et al., 2010). In 

studies where humans were orally exposed to TCS, conjugated metabolites of 

approximately 80% were excreted in the liver and 5% in the feces (Lucker et al., 

1990). The primary urinary metabolite formed was glucuronide with an elimination 

half-life ranging from 10 to 20 hours (Lucker et al., 1990). The clearance of TCS 

differs in rodents due to the implementation of biliary excretion. Twenty-four hours 

after oral ingestion of TCS in mice, 75% to 80% of the TCS was found in the bile, 

followed by the liver, suggesting the possible role of enterohepatic recirculation in 

rodents (Stierlin, 1972). Although a large number of tests have examined the ADME 

of TCS, these are just a few to provide a general understanding of the metabolites 

involved and clearance. 
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After exposure to xenobiotics the body will often increase cytochrome P450 

(CYP) production to facilitate excretion of the xenobiotic or induce steroid 

metabolism. Research conducted by Jacobs et al. (2005) found that TCS caused a 

dose-dependent increase in the pregnane X receptor (PXR). The pregnane X receptor 

is a nuclear receptor that assists in the induction of enzymes associated with steroid 

metabolism and the detoxification of toxins/toxicants. Nuclear receptors act through 

transcription factors, like steroid, retinoid and thyroid hormone receptors. The PXR 

heterodimerizes with the 9-cis retinoid receptor α to the DNA response element. This 

will ultimately enhance transcription of the CYP3A4 Phase I enzymes, an enzyme 

produced in response to xenobiotic exposure and other PXR-associated genes. The 

aforementioned study found TCS to be a medium activator of the PXR in human liver 

and intestinal tissues, which means that TCS could possibly influence the rate of the 

metabolization of xenobiotics and steroid hormone synthesis (Jacobs, Nolan and 

Hood, 2005).   

Triclosan also has been found to interact with Phase II enzymes in humans. 

Due to the similar structure of TCS compared to polychlorobiphenyls (PCBs), Wang 

et al. (2004) tested whether TCS inhibited sulfonation and glucuronidation of 3-

hydroxy-benzo[a]pyrene (3-OH-BaP) in the human liver. The studies found that TCS 

selectively inhibits the glucuronidation and sulfonation of the phenolic xenobiotics 

such as 3-OH-BaP, bisphenol A, p-nitrophenol, and acetaminophen. TCS had greater 

inhibition of hepatic cytosolic sulfonation compared to microsomal glucuronidation. 

Additionally, the group found that TCS acts as a substrate for sulfotransferase and 
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glucuronosyltransferase enzymes (Wang et al., 2004). Schuur et al. (1998) discussed 

that hydroxylated metabolites of PCBs have also been shown to prevent the binding of 

T4 with the binding protein transthyretin (TTR), resulting in a decrease in circulating 

plasma T4 and an inhibition of the Type I deiodinase conversion of T4 to T3 or 

reverse triiodothyronine (Schuur et al., 1998). Due to the similar structure of TCS with 

PCBs, it’s possible that TCS could prevent the binding of T4 with TTR as well. This 

could impact endogenous concentrations of T3, resulting in negative feedback of the 

hypothalamus-pituitary-thyroid axis, which is critical to development. If exposure is 

occurring during developmental periods, growth of the affected organism could be 

altered due to this disruption, suggesting that developmental studies are needed to 

determine the role of TCS and MTCS on growth. 

1.7 Concluding Remarks 

 

This review has examined numerous sources discussing the broad impacts of TCS 

and MTCS on matters ranging from the physiological effects to environmental impacts 

of this endocrine disrupting chemical. Although a wide range of research has been 

conducted on TCS and MTCS, there are still areas that need to undergo further 

investigation. More data needs to be collected considering the transportation of TCS 

and MTCS in the body, and the effects of bioaccumulation. Since TCS has been 

measured in human breast milk, more research should be conducted on infant and fetal 

exposure in humans and other organisms. Research on mixtures of TCS with other 

anthropogenic compounds simulating environmental conditions would also help 

discern the role of TCS on populations and the ecosystem. These are just a few areas 
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concerning TCS and MTCS that require further investigation, despite the extensive 

animal studies conducted in the 1970s (Dann and Hontela, 2011). It is up to us to 

decide whether the benefit of TCS is worth the possible environmental and 

physiological costs. 
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CHAPTER 2 

INTRODUCTION 
Triclosan (5-chloro-2-(2,4-dichlorophenoxy)phenol) (TCS) is a bactericide 

found in many personal care products such as liquid detergents, liquid hand soaps, 

deodorants, cosmetics, creams, lotions, mouthwash, and toothpaste (Leiker et al., 

2009), and it is even used as a stabilizing agent in detergents and cosmetics (Chen et 

al., 2011). Triclosan can also be added to fabrics, plastics, carpets, plastic kitchenware, 

and toys (Leiker et al., 2009) and it is also incorporated into plastic food-contact 

materials to prevent bacterial growth.  As a broad-spectrum antimicrobial product, 

TCS is used to stop Gram-positive and Gram-negative bacteria and some fungal 

growth (Dann and Hontela, 2010; Queckenberg et al., 2010). Triclosan has also been 

reported to disrupt the catalytic activity of the bacterial enzyme, enoyl reductase 

(EACPR), which ultimately impacts Type II fatty acid synthetase viability, which is 

crucial to bacterial reproduction and the formation of cellular membranes (Ward et al., 

1999). With the inherent antibacterial properties of TCS and its persistent use in our 

culture, it’s important to better understand its effectiveness in both clinical and 

personal settings. 

From December, 1999 to April, 2000, Perencevich et al. (2001) took inventory 

of brand name soaps in 10 national, 10 regional, and 3 Internet stores across the 

United States and found that 76% of liquid soaps and 16% of bar soaps contained TCS 

(Perencevich et al., 2001). The role of TCS in soaps has been of concern due to the 

threat of bacterial resistance but 27 studies published from 1980 to 2006 concluded 

that regular soap was just as effective as TCS-containing soaps (Aiello et al., 2007). 
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Literature supports the effectiveness of TCS as an antibacterial with regards to 

hospital settings, but concerning its use around the household, increased use of TCS-

impregnated products have not been shown to prevent infections (Perencevich et al., 

2001), which can be problematic when it is heavily used by the general public on a 

daily basis. 

Triclosan has the capacity to interfere with the bacterial enzyme, EAPCR, which 

could act to initiate antibiotic cross-resistance. In response to this event, bacteria could 

progress in the formation of mutations associated with EAPCR (Russel, 2004). 

Hernandez et al. (2011) found that TCS could induce a phenotypic resistance to 

antibiotics since TCS induced the expression of a critical antibiotic- and TCS-

removing pump in the commonly studied Gram-negative bacterium in humans, 

Stenotrophomonas maltophilia (Hernandez et al., 2011).  This study shows that not 

only is the increasing threat of bacterial resistance of concern, but the environmental 

influence of anthropogenic chemicals like TCS make it evident that gaining a basic 

knowledge of these compounds is crucial to preventing any negative effects.  

With the persistent use of TCS in personal care products, waste water treatment 

plants (WWTP) receive influent containing this bactericide and methyltriclosan 

(MTCS) is formed via biological methylation during waste water treatment (WWT). 

Approximately 90-96% of TCS is removed from the influent received by the WWTP 

and 5% is converted into MTCS (Chen et al., 2011; Bester, 2004; Singer et al., 2002). 

The small percentage of TCS and MTCS released into water systems from either 

WWTP effluent or direct introduction is subject to photodegradation or photolysis, 
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which results in chlorinated toxins such as chlorophenols and chloroform, as well as 

dioxins (Farre et al., 2008; Dann and Hontela, 2010). Some of the chlorophenols 

formed by photodegradation have been regarded as priority pollutants by the USEPA 

(Kanetoshi et al., 1987). The formation and contamination of dioxins in TCS has also 

been of concern since dioxins are carcinogenic, and can act to depress the immune 

system, decrease fertility, cause birth defects and miscarriages, alter sex hormones and 

cause cancer (Latch et al., 2003). Although the percentage of these toxic compounds 

that are produced by TCS might be negligible, the environment is still receiving 

exposure and usually from multiple contaminants. 

Unlike TCS, MTCS is not nearly as vulnerable to photodegradation, which could 

potentially result in greater environmental concentrations, especially during summer 

months (Lindstrom et al., 2002). Another factor influencing water concentrations is 

the short half-life of TCS. Triclosan has a half-life of 2.1 to 3.3 hours in shallow 

waters compared to MTCS (Sabaliunas et al., 2003). When measuring TCS and MTCS 

in the environment, Leiker et al. (2009) used Semipermeable Membrane Devices 

(SPMD) and high resolution mass spectrometry to find concentrations of TCS and 

MTCS at 0.40µg/L and 0.04 µg/L, respectively, in Las Vegas Wash, Nevada (Leiker 

et al., 2009). Ferbabdes et al. (2011) found in Australia that WWTP removed 72-93% 

of TCS from the influent but both TCS and MTCS were sequestered into marine and 

fresh water sediments (Ferbabdes et al., 2011). With TCS and MTCS in the water as 

well as the sediments, many animals risk exposure. Both TCS and MTCS have been 

found to accumulate in the tissues of the following organisms: bacteria, algae, 
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phytoplankton, grass shrimp, fish, and human breast milk, liver, and adipose tissue 

(Coogan and Point, 2008; DeLorenzo et al., 2007; Leiker et al., 2009; Boehmer et al., 

2004; Dayan, 2007; Geens et al., 2012). Disseminating the physiological effect of TCS 

and MTCS is crucial because exposure could potentially impact the health and fitness 

of numerous populations, more specifically, aquatic organisms that are living in 

contaminated waters. 

Research in aquatic organisms has highlighted the bioaccumulation of TCS and 

MTCS in tissues; amphibian studies have further implicated the possible disruption of 

the hypothalamus-pituitary-thyroid axis (HPT).  Due to the structural resemblance of 

TCS and MTCS to thyroid hormone (TH), they have the potential to bind to thyroid 

hormone receptors (TRs) during key stages of development (refer to figures 2.1, 2.2 

and 2.3). Triclosan and its main derivative are similar to TH in that they contain two 

phenolic rings linked via an ether bond. It is this similar structure of TCS and MTCS 

to TH that raises concern over their possible effects on the HPT axis in exposed 

organisms.  

 

Figure 2.1 Triclosan (wikipedia.org)  

 

Figure 2.2 3, 3’, 5-Triiodo-L-thyronine (T3) (daviddarling.info) 
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Figure 2.3 Methyltriclosan (sigmaaldrich.com) 

 Amphibians are a widely used model to study endocrine-disrupting chemicals 

(EDCs) on both the hypothalamus-pituitary-gonadal (HPG) axis, as well as the 

hypothalamus-pituitary-thyroid (HPT) axis (Carr and Patino, 2011). In amphibians the 

production of TH is regulated by the hypothalamic release of corticotrophin-releasing 

factor (CRF) that results in the release of thyroid-stimulating hormone (TSH) from the 

anterior pituitary. Thyroid-stimulating hormone causes the release of TH from the 

follicles located in the thyroid gland. Thyroid hormone is mainly produced in the 

thyroid gland as thyroxine (T4) and is converted in the tissues to the active form, 3, 5, 

3’-triiodothyronine (T3) (Norris, 2007). Thyroid hormone plays a crucial role during 

metamorphosis, which could be hazardous because TCS and MTCS have a similar 

structure and could potentially bind to thyroid hormone receptors (TRs). Once TH 

passes through the plasma membrane to the cell nucleus, the T3 or T4 binds to the 

nuclear receptors, TRα and TRβ. These TRs can facilitate or hinder gene promotion 

after the binding of TH (Veldhoen at al., 2006). Thyroid hormone production is tightly 

regulated and any alterations can impact the HPT axis through negative or positive 

feedback and ultimately affect gene expression (refer to Figure 2; Carr and Patino, 

2007).  



Texas Tech University, Meghan Cromie, December 2012 

 

21 

 

 

Figure 2.4 The HPT-axis adapted from Shi, 2000  

Triclosan can impact the HPT axis in amphibians but in mice it has been found 

to interfere with the HPT axis by influencing TH production, resulting in hypothermia. 

The authors also found that the change in TH concentrations caused a “nonspecific 

depressant effect on the central nervous system” as well (Miller et al., 1983). This 

study exemplifies the myriad impacts that TCS can have on the HPT axis and it would 

be beneficial to further elucidate the mechanisms by which it acts. Due to the 

structural resemblance between TCS and MTCS with TH, one could speculate that 

they have the ability to disrupt the HPT-axis in amphibians as well as mammals.  

As stated earlier, amphibians are ideal organisms to study when determining 

effects of xenobiotics like TCS on the HPT axis. Amphibians are sensitive to changes 

in TH and their development is highly regulated by T4 but most importantly, T3. It is 
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widely accepted that TH is critical to pre-and post-metamorphosis since TH is 

essential to proper development. During the postembryonic developmental period, 

there are three main phases of development: premetamorphosis, prometamorphosis 

and metamorphic climax (Gosner, 1960; Dodd and Dodd, 1976). The Nieuwkoop and 

Faber (NF) Method is often used to identify the stages of X. laevis development. 

Premetamorphosis stages 46-54, are characterized by a period with little to no TH with 

early development of hindlimbs in the tadpole. Prometamorphosis, stages 55-57, the 

tadpole undergoes an increase in TH concentrations and the hindlimbs undergo 

morphogenesis. Metamorphic climax, stages 58-65, is described as the phase of 

development with the highest concentrations of TH and an increased rate of 

morphological changes, which result in the resorption of the tail (Shi, 2000).  

Until recently, the presence of TRs during early embryonic development in X. 

laevis was unknown. Studies have found that genes encoding receptors for thyroid 

hormones are present in unfertilized eggs and all stages of early embryonic and 

metamorphic development (Baker and Tata, 1990). Ultimately, this study suggests that 

expression of TH genes occurs before fertilization, which makes the developing 

embryo vulnerable to exogenous sources of TH. The presence of nuclear TRs in the 

tail, intestine, liver, kidney, and red blood cells has been confirmed during early 

developmental stages of anurans as well (Burggren and Just, 1992). It was also found 

that during all developmental stages after stage 45, TRα mRNA was present in higher 

concentrations than TRβ mRNAs (Baker and Tata, 1990). Along with these findings, 

other studies have found that TRα and TRβ genes are expressed immediately after the 
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embryo hatches (Yaoita and Brown, 1990). With the early embryonic expression of 

TRs, it’s possible that early exposure to TCS or MTCS could impact early 

development. 

Two TH-responsive genes that are important to amphibian development are 

TRβ and TH/bZIP (Das et al., 2009; Bilesimo et al., 2011). Thyroid hormone receptor 

β has been previously discussed but TH/bZIP is part of the basic leucine zipper family 

of transcription factors and it can be expressed in the developing X. laevis head, tail, 

intestine, and hindlimb (Ikusawa et al., 2006). It has been implicated in assisting in 

intestinal remodeling during metamorphosis (Ikuzawa et al., 2006) but is repressed 

during adulthood (Ishizuya-Oka et al., 1997). Both TH/bZIP and TRβ are TH-

responsive genes so TH causes a conformational change in TR by recruiting 

coactivators and allowing corepressors to dissociate, ultimately resulting in chromatin 

remodeling and activation of the gene (Bilesimo et al., 2011). As discussed earlier, TH 

concentrations are greatest at metamorphic climax, resulting in an upregulation of T3-

responsive genes. It is possible that exposure to TCS or MTCS could disrupt gene 

transcription typically controlled by TH.  

Whether or not TCS or MTCS have any effects on the amphibian thyroid axis 

has been questioned by researchers; resulting in dissimilar findings. Fort et al. (2010) 

found that TCS had no effect on metamorphosis in NF stage 51 Xenopus laevis larvae, 

when exposed for 21 days to concentrations of TCS of < 0.2 (control), 0.6, 1.5, 7.2, or 

32.3 µg/L (Fort et al., 2010). Conversely, Veldhoen et al. (2006) found that exposure 

to TCS in conjunction with T3 injections did impact thyroid hormone-associated gene 
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expression, which can influence metamorphosis/postembryonic development in 

anurans. Premetamorphic tadpoles were introduced to environmentally relevant 

concentrations of TCS at 0.15 µg/L for 4 days and were injected with T3 at 1x10
-11

 

mol/g body weight. The tadpoles exhibited decreased total body weight and increased 

hindlimb growth after the T3 injections and TCS immersion (Veldhoen et al., 2006). 

The measured impact of TCS and MTCS on embryonic development is highly 

debatable amongst researchers, so it is important to provide reliable data concerning 

the effects of this bactericide and its derivative.  

 With a majority of studies focusing on TCS, very little research has focused on 

the effects of the TCS derivative, MTCS. As previously discussed, MTCS persists in 

surface waters, associates with sediments and it has been measured in the tissues of 

numerous aquatic organisms. It’s evident that MTCS exposure is occurring but its 

effects need to be further elucidated. With the continual use of TCS in consumer 

products it is important that we gain a more comprehensive knowledge of the effects 

of MTCS. Few studies have examined the embryonic effect of MTCS on somatic 

development and none of examined the effects of MTCS during this developmental 

time period. In order to better characterize the possible effects of MTCS on 

development, we conducted 96-hour exposures of X. laevis embryos to 

environmentally relevant concentrations of MTCS, and we measured morphological 

endpoints such as total body length, snout-to-vent length and crown width. 

Furthermore, we examined the TH-responsive gene, TH/bZIP, in molecular studies to 
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assess the effect of MTCS on gene regulation during embryonic and early larval 

stages.  

2.1 Methods 

2.1.1 Specific Aims 
 

The specific aims are to determine the concentration-dependent morphological and 

molecular responses of X. laevis embryos to MTCS and T3 after a 96-h Frog Embryo 

Teratogenesis Assay in Xenopus (FETAX).  

2.1.2 Hypothesis and Predictions 
 

Hypothesis: Due to similarity in the structure of MTCS and TH, MTCS could act on 

the HPT axis, thereby altering somatic development in embryos. 

Predictions: With the presence of nuclear TRs in the tail, intestine, liver, kidney, and 

red blood cells, these areas of the X. laevis tadpoles will be most vulnerable to 

deformities. Exposure to MTCS during early embryonic development could result in 

malformed guts and increased total body lengths in the larvae.  

2.1.3 Animal Care 
 

Animal husbandry and breeding protocols were as previously reported 

(Goleman et al., 2006). Adult X. laevis were originally purchased from Xenopus 

Express (Xenopus Express Inc, Florida, USA) and eNASCO (California, USA) and 

stored in a room with minimal foot traffic at The Institute for Environmental and 

Human Health, Lubbock, Texas (TIEHH). Animals were bred and the colony was 

supplemented with additional animals from both suppliers. Animals were housed in 
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water held at 16-18
°
C in 6, 28 g tanks in aged tap water. The light cycle consisted of 

12 h dark and 12 h light. All breeding protocols were approved by the Institutional 

Animal Care and Use Committee (IACUC protocol #: 09050-12).  

2.1.4 96-h Frog Embryo Teratogenic Assay-Xenopus FETAX Assay  
 

Overall, standard Frog Embryo Teratogenesis Assay-Xenopus (FETAX) 

procedure was followed with some minor modifications following the American 

Society for Testing Materials (ASTM) Standard Guide for Conducting the Frog 

Embryo Teratogenesis Assay-Xenopus (FETAX) (ASTM, 2004). The FETAX 

medium was prepared following previously verified protocols, as follows for 1 liter: 

NaCl-0.621 g, CaCl2-0.021 g, Ca2SO4-0.074 g, MgSO4-0.1517 g, NaHCO3-0.096 g, 

and KCl-0.03 g. Methyltriclosan ( >99.7%, Missouri, USA) was purchased from 

Sigma-Aldrich and 1 μL of MTCS was added to 1380 μL of methanol to make a 1 

mg/mL working solution. The concentrations lower than the 1 mg/mL working 

solution were further diluted in FETAX medium. Stock solutions of MTCS were made 

up to 500 mL in the following concentrations: 1000.0, 100.0, 10.0, 1.0, 0.1, 0.01, 

0.001, 0.0001, and 0.00001 µg/L. The T3 was purchased from Sigma Aldrich (>95%, 

Missouri, USA) and dissolved in MeOH (>99.8%, Sigma Aldrich, Missouri, USA). 

Stock solutions were dissolved and diluted in 1x FETAX medium. The following 

concentrations were tested to determine the T3 concentrations to be used in future 

tests: 0.01 nM, 0.1 nM, 1.0 nM, 10.0 nM, and 100 nM. In preparing the T3 test 

concentrations, the methanol vehicle was serially diluted along with the T3 at each 
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concentration. Therefore, we compared T3 at each concentration to a methanol vehicle 

control. 

Three to five sets of X. laevis males and females were injected with 250 to 500 

and 500 to 100 international units (IU), respectively, of human chorionic gonadotropin 

(hCG) dissolved in Amphibian’s Ringer’s solution (NaCl-6.60 g, CaCl2-0.15 g, KCl-

0.15 g, and NaHCO3-0.15 g with a pH of 7.8) into the dorsal lymph sac. Egg 

deposition occurred within 9-to 12-h after injection. Egg clutches that visually 

appeared to have greater than 75% survivorship were de-jelleyed with L-cysteine 

(>98%, Sigma Aldrich, Missouri, USA) and standard FETAX solution (ASTM, 2004).  

Using the Nieuwkoop and Faber (NF) method (Gosner, 1960; Dodd and Dodd, 

1976), the embryos staged from mid blastula (stage 8) to early gastrula (stage 11) were 

separated into sterile Petri dishes. There were five replicates with ten embryos in each 

Petri dish/replicate. Ten milliliters of the test solution was added to each Petri dish 

containing the embryos and was replaced every 24-h with a bulb pipette. After each 

24-h interval, the embryos were staged using the NF method and malformations or 

deaths were recorded. Dead and decaying embryos were removed from each Petri dish 

to avoid ammonia accumulation. After 96-h, the tadpoles from each treatment were 

collected and fixed in 10% buffered formalin for further analysis (FETAX exposures 

were approved by IACUC protocol #: 09004-04).  
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2.1.5 Water Quality 
 

For each 96-h FETAX study, the following were measured daily from the 

water sample collected that day: ammonia, pH, temperature, dissolved oxygen (DO), 

and specific conductance. Approximately 50 mL of water was collected from the 5 

replicate Petri dishes every 24-h. Approximately 10-mL of the test solution was 

removed and added to a 50-mL conical tube. Ten milliliters of new test solution was 

immediately replaced in the Petri dish to reduce stress on the animals. The following 

instruments were used to assess water quality: ammonia, Hach spectrophotometer 

(model DR-2800 and Nessler model #8038, Colorado, USA), pH and DO (Accument 

XL60 dual channel pH/DO meter, Illinois, USA), temperature (Pro-Exotics PE-1 

Infrared Temp Gun, Colorado, USA and calibrated with a YSI 556 multimeter, Ohio, 

USA), and conductivity (Thermo Electron Corp Orion 3 Star Benchtop, New 

Hampshire, USA). Ammonia was measured first and a 10 mL pipette was used to 

transfer 8.3 mL of water from the 50 mL conical tube containing the collected sample, 

into a clean test tube. The ammonia analyses were not conducted in the original 

samples but from the 8.3 mL aliquot. Deionized (DI) water was used as the blank and 

a 1 mg/mL nitrogen solution was used as the standard. One drop of mineral stabilizer 

was added to each test tube and then 1 drop of polyvinyl alcohol was added. 

Immediately after this step, 0.333 mL of Nessler’s reagent was added to each tube. 

The DI water was measured first in the Hach Spectrophotometer, followed by the 

nitrogen standard and samples. Next, DO was measured by placing the probe in each 

50 mL conical tube until the reading remained constant. Deionized water was sprayed 
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on the probe between every use and wiped clean with a Kim wipe®. After DO, pH 

and temperature were measured concurrently. The pH meter was calibrated each day 

using standards of 4, 7 and 10. Specific conductance was measured last and the probe 

was cleaned with DI water as well. The instrument was calibrated with a standard of 

1319 µS/cm each day. All of the readings collected every 24-h were recorded and 

compared to standard conditions previously validated (ASTM, 2004). The water 

quality averages for all of the 96-h FETAX assays were calculated and are included in 

Table 3.   

2.1.6 Morphology Measurements  
 

The 96-h larvae fixed in 10% buffered formalin were stored in microcentrifuge 

tubes until photographs could be taken. Under a light microscope (Nikon SMZ 1500, 

New York, USA), the larvae were individually photographed with a digital camera 

(Nikon DXM 1200C, New York, USA) at a resolution and calibration of 1 mm. 

Before measurements were made, ImageJ software (Image Processing and Analysis in 

Java, ImageJ 1.44p) was calibrated and the following measurements were made of 

each larva: total body length, snout-to-vent length and crown width. Abnormalities 

such as bent tails, edema, abnormal swimming (Abn swimming), abnormal eye 

development (AED), malformed guts (MG) and pigmentation abnormalities were 

described in each Petri dish every 24-h. The total number and percentage of 

abnormalities were calculated every 24-h for each treatment, along with the total and 

percent mortality of all the observed animals (refer to Tables 4-6). 
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2.1.7 Data Analysis 
 

For continuous data from somatic measurements, total body length, snout-to-

vent length and crown width, dish-to-dish variation was handled as a nested (mixed-

model) one-way ANOVA that incorporated a tank effect term. Each Petri dish 

represented a unit of replication for the initial nested analyses. Inter-dish variance 

between the five replicate dishes per treatment concentration was tested using one-way 

ANOVA followed by a Tukey’s multiple comparison test. If there was a significant 

difference (p<0.05) between each dish within treatment by experiment, then the mean 

for each dish was used for analysis of continuous variables and the resulting sample 

size was n=5 per treatment. If there was no significant inter-dish variation then data 

from each dish were pooled for a sample size of 50 per treatment concentration. 

Differences between experiment day and test concentrations were then tested by two-

way ANOVA with experiment day and treatment level as main effects. Molecular data 

was compared using unpaired, two-tailed student’s T-tests. Data were analyzed using 

SPSS (Version 11.0, SPSS Software for Windows, USA) and Graphpad InStat
®
 

(Version 3.05, GraphPad Software, San Diego California USA, www.graphpad.com). 

Graphs were prepared using Sigma Plot (Version 11.0, California, USA).  

2.2 Experimental design 

 

2.2.1 Analytical Analysis 
 

In order to determine the limit of detection (LOD) for MTCS in FETAX 

medium I used a High Performance Liquid Chromatography- Ultraviolet detector 

http://www.graphpad.com/


Texas Tech University, Meghan Cromie, December 2012 

 

31 

 

(HPLC/UV) with an Alltech Prevail C18 Column (25 cm x 4.6 mm x i.d., 5 μm). An 

Agilent 1100 Series HPLC (LC/VWD/FLD) was used to measure the varying amounts 

of MTCS.  

2.2.2 T3 and Methanol Solvent Studies  
 

Differences in total body length, snout-to-vent length and crown width 

between each T3 concentration and its accompanying control were determined by one-

and two-way ANOVAs as described in 2.1.8 Data Analysis above. The percentage 

(v/v) of methanol (MeOH) in each T3 solution was as follows: 100 nM T3, 0.01% 

MeOH (v/v); 10 nM T3, 0.001% MeOH (v/v); 1.0 nM T3, 0.0001% MeOH (v/v); and 

0.1 nM T3, 0.00001% MeOH (v/v). Two studies testing T3 concentrations, the T3 

concentrations listed above were performed in order to determine the effects of T3 on 

and methanol solvent on embryonic development.  

FETAX-assays were performed using the embryos with each treatment 

containing a sample size of 10 larvae per replicate, with a total of 5 replicates. The 

following abnormalities were monitored every 24-h: bent tails, edema, abnormal 

swimming (Abn swimming), abnormal eye development (AED), malformed guts 

(MG), and abnormal pigmentation were described in each Petri dish. Water was 

replaced every 24-h from the appropriate stock and water quality tests were conducted 

on a daily basis, starting from the start of the exposure to the final day (refer to Table 

3). At the cessation of the exposure, the larvae were anesthetized in MS-222 and then 

fixed in 10% buffered formalin and later photographed under a microscope coupled 

with a high intensity illuminator (Nikon SMZ1500 and Nikon ni-150, USA). ImageJ 
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was used to make morphological measurements such as total body length, snout-to-

vent length and crown width. Morphological measurements were transferred to 

Graphpad InStat
®

 and one- and two-way ANOVAs were performed between the 

treatments and the accompanying vehicle controls. The resulting averages and 

standard errors were inserted into Sigma Plot and graphed (refer to Figures 2.5-2.7).   

2.2.3 Methyltriclosan Range Finding Studies 
 

For this experiment, X. laevis embryos were exposed using the standard 

FETAX protocol to MTCS and vehicle controls in the following concentrations: 0 

µg/L, 0.00001 µg/L; 0.000000001% MeOH (v/v), 0.0001 µg/L; 0.00000001% MeOH 

(v/v), 0.001 µg/L; 0.0000001% MeOH (v/v), 0.01 µg/L; 0.000001% MeOH (v/v), 0.1 

µg/L; 0.00001% MeOH (v/v), 1.0 µg/L; 0.0001% MeOH (v/v), 100.0 µg/L; 0.001% 

MeOH (v/v), and 1000.0 µg/L; 0.01% MeOH (v/v). Malformations, death and water 

quality were measured daily as with previous T3 and MeOH determination studies 

(refer to Tables 3 and 5). Two range finding studies were conducted in an attempt to 

establish the lowest observed adverse effect level (LOAEL).  

2.2.4 Response to Sublethal Concentrations of Methyltriclosan 
 

Two MTCS concentration response tests were conducted using the following 

concentrations of MTCS and accompanying vehicle controls: 0.00001 μg/L; 

0.000000001% MeOH, 0.0001 μg/L; 0.00000001% MeOH, 0.001 μg/L; 0.0000001% 

MeOH, and 0.01 μg/L; 0.000001% MeOH. For the first test, the following positive 

control concentrations and associated vehicle controls were used: 0.01 nM , 0.1 nM 
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and 1.0 nM T3. As in previously conducted studies, abnormalities and water quality 

were assessed daily (refer to Tables 3 and 6). At the end of the 96-h exposure, the 

larvae were fixed in formalin for morphological analyses (refer to Figures 2.8-2.10).  

2.2.5 Methyltriclosan Test 3 for Molecular Analyses 
 

The third MTCS concentration response test was conducted using the 96-h 

FETAX assay and the following concentrations of MTCS and accompanying vehicle 

controls: 0.00001μg/L; 0.000000001% MeOH and 0.0001 μg/L; 0.00000001% 

MeOH. The following T3 concentrations and associated vehicle controls were used: 

0.1 nM; 0.000001% MeOH and 10.0 nM; 0.001% MeOH. After the test, the larvae 

were euthanized in MS-222 and serially rinsed with descending concentrations of 

phosphate buffer solution. Finally, approximately 10 larvae from that replicate/Petri 

dish were flash frozen in 500 μL of RNALater
®
 (Ambion) using blocks of dry ice. The 

larvae were stored in a -80°C freezer for approximately 2 months before they were 

needed for tests. 

2.2.6 Reverse Transcriptase Polymerase Chain Reaction (RT-PCR) and 
Quantitative Real-Time PCR (qRT-PCR) 
 

FETAX medium-exposed larvae from the third MTCS concentration test were 

removed from storage and RNA was extracted from a single larva (n=3). The bench 

top and micropipettors were sprayed with RNase Zap
®
 (Invitrogen, Carlsbad, 

California, USA) prior to extraction. The tadpoles were weighed and then 

homogenized using the 50 Sonic Dismembrator (Fischer Scientific, Pennsylvania, 

USA). RNA was extracted using Ambion RNAqueous® (for qRT-PCR, USA) 
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following kit recommendations. Two-hundred microliters of lysis/binding solution and 

70% ethanol were used. A total of 50 μL of elution solution was used to remove the 

RNA from the cartridge filter. The RNA quality was assessed and the quantity was 

determined using a Bio-Rad Experion Automated Electrophoresis System (Bio-Rad 

Laboratories, USA) and the Experion RNA StdSens Analysis Kit. High quality RNA 

with RNA quality (RIQ) scores greater than 8.0 (all samples were high quality) were 

reverse transcribed to complementary DNA (cDNA) using the High Capacity cDNA 

Reverse Transcription kit (Applied Biosystems, USA) with RNAse inhibitor, 

according to the manufacturer’s instructions. After completion of this step, the cDNA 

was stored in a -20°C freezer until needed. After preliminary RNA extractions it was 

later determined that 2 larvae needed to be extracted in order to produce 500 μg of 

total RNA for reverse transcription.  

A Nanodrop 2000 (Thermo Scientific, Pennsylvania, USA) micro-volume 

spectrophotometer for nucleic acid quantitation was used to determine the purity and 

concentration of cDNA.  The purity of the cDNA was assessed using the A260/280 ratio 

and all of the test samples ranged between 1.8 and 2.3. The concentration of cDNA 

was reported in ng/μL and the samples were diluted in nuclease-free water to 200 

ng/μL working solutions. This was done in accordance to the HotStart –IT™ Taq 

DNA Polymerase (Product Number: 71195, Affymetrix, California, USA) and 

SYBR® Green PCR (Applied Biosystems, Texas, USA, Part No. 4367659) kit 

instructions. The HotStart PCR had a melting temperature set at 59°C for desirable 

product formation. The following primers were nanodropped and underwent SYBR
®
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Green qRT-PCR with larvae tissue (full body) exposed to solely FETAX medium: xl 

TRβ-1 forward and reverse (Sigma, 2259, USA), xl TRβ-2 forward and reverse 

(Sigma, 2259, USA), xl TH/bZip forward and reverse (Sigma, 2259, USA), and xl 

RPL8 (Sigma 1348, USA). Primer sequences were designed in Primer3 by Dr. Jim 

Carr, where they were blasted against the database (primer information included in 

Table 2). 
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Table 1. Primer Information 

 

Primer Forward- Oligonucleotide Seq. 

Tm 

(°C) Reverse- Oligonucleotide Seq. 

Tm 

(°C) 

Product Length 

(bp) 

xl TRb-1 5'-ATACCGAAGTCGCCTTGT-TG 63.9 5'-TCGGTGACTTTCATCAGC-AG 64.1 181 

xl TRb-2 5'-TGACCCCGAAAGTGAAAC 61.2 5'-CAAGGCGACTTCGGTATC 60.9 154 

xl 

THb/ZIP 5'-CTGGGGATCTTGTCCTTG-AA 64 

5'-AATGTGGGAGAGGAGGAG-

GT 63.8 201 

RPL8 5'-CACAGAAAGGGTGCTGCTAAG 63.8 5'-CAGGATGGGTTTGTCAATACG 64 477 
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Five microliters of the PCR products generated from the HotStart PCR were 

visualized using gel electrophoresis. A 2% agarose gel was prepared with 1.5 g of 

agarose (Cat. No. 15510-027 Invitrogen., California, USA ) and 75 mL of 1x Tris-

Borate-EDTA (TBE) buffer (Order No. 860 National Diagnostics., Georgia, USA). 

The solution was melted in a microwave (GE Sensor., Connecticut, USA) for 

approximately 2 minutes. After this, 4 µL of ethidium bromide (Cat#5450, Mercury 

reagents, USA) was added to allow for UV-visualization of the bands in the gel. The 

mixture was allowed to cool in a refrigerator for approximately 10 minutes before it 

was evenly poured into the gel boat containing a 10 well comb. The gel was allowed 

to set for 30 minutes, and during this time the contents of each well was prepared. A 

100 bp DNA ladder (New England BioLabs, Massachusetts, USA) was prepared along 

with duplicates for all 4 primers tested (RPL8, TH/bZIP, TRβ1, and TRβ2). Gel 

loading dye (New England BioLabs, Massachusetts, USA) was added to each sample 

as well. For electrophoresis we used an EC600-90 (E-C Apparatus corporation., 

Massachusetts, USA) for approximately 1 h and it was set at 150 V, 85 mA and 13 W. 

The fragments were visualized using a Kodak High Performance Florescent 

Transilluminator.  

For electrophoresis we used an EC600-90 (E-C Apparatus corporation., 

Massachusetts, USA) for approximately 1 h and it was set at 150 V, 85 mA and 13 W. 

The fragments were visualized using a Kodak High Performance Florescent 

Transilluminator. The bands were excised from the gel and purified using the 

Invitrogen Gel Extraction kit (K2100-12, Invitrogen., California, USA). The PCR 
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products were also purified using the Bio-Rad Prep-A-Gene® DNA Purification System 

(BioRad, USA). Sequencing of the template and primers is currently being conducted. 

SYBR
®
 green was used as the dsDNA-binding dye as a reporter for qRT-PCR. 

It is bound to the amplified cDNA and the fluorescence increases as the quantity of 

DNA increases. The relative expression consists of a ratio between the mRNA 

equivalent of the TH/bZIP gene or genes 8 and 9, and the internal standard, 60S 

ribosomal protein L8 (RPL8). Based on previous qRT-PCR experiments conducted on 

X. laevis tissue in our lab, RPL8 was used as the housekeeping gene for this study 

(Murali, 2011). The A260 values were used to determine the primer concentration 

(μM) and then 10 μM working solutions were prepared for the forward and reverse 

primers using nuclease-free water (Ambion, Cat. No. AM9937, USA). The master 

mixes for each primer were prepared for 25 μL total reactions. The nuclease-free water 

was added first, then the forward and reverse primers and lastly, the SYBR
®

 Green. 

Twenty-four micro-liters of master mix was added to each well of a 96-well plate and 

the samples were added in duplicate, while the non-template controls (NTCs) were 

added in triplicate after the samples. All of the wells, except for the NTCs, had 1 μL of 

cDNA added, and the NTCs had 1 μL of nuclease-free water to provide a 25 μL total 

reaction. The 96-well plate was sealed with a disposable, adhesive cover and then 

centrifuged for 45 s at 1000 rpm at room temperature (Centra CL3R, Thermo. IEC). 

After the method was uploaded using the ABI Prism
®
 7000 Sequence Detection 

System software, the samples were placed in the instrument.  Method development 

and supplies were made possible from contributions by Dr. Ernest Smith.  
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The absorption spectra and dissociation curves were manually quantitated 

following the instruction manual. The data was reported using the ΔΔCt method, 

which is included below: 

L= 2
-Ct

 

The original expression level of the gene of interest is represented by L and the 

threshold cycle (Ct) represents the number of cycles necessary for a fluorescent signal 

to exceed the background and cross the threshold. The two represents the doubling of 

DNA product after each cycle. To normalize the expression of the gene of interest to 

the housekeeping gene, the following equation was used: 

2
-Ct(TH/bZIP)

 = 2
-[Ct(TH/bZIP)- Ct(RPL8)]

 = 2
-ΔCt

 

      2
-Ct(RPL8)

 

 

Finally, in order to normalize relative changes in gene expression between treated and 

untreated animals, the equation below was used (Livak and Schmittgen, 2001):  

 

2
-ΔCt(Experimental)

  = 2
-ΔΔCt

 

                                                     2
-ΔCt(Control)  

 

 

After the Amplification Plot and Dissociation Curve were analyzed, the resulting Ct 

values were used in the ΔΔCt Equations to determine gene expression in treated 

animals compared to the vehicle control-exposed animals. Unpaired, Two-Tailed T-

tests were conducted comparing the normalized ΔΔCt values of the MTCS- and T3-

treated animals to their respective controls. 

 After the preliminary qRT-PCR comparing xl-TRβ-1, xl-TRβ-2 and xl-

THb/ZIP, xl-THb/ZIP was the primer used to analyze the test samples from MTCS 

concentration test 3. In order to improve amplification, the following primer 

concentrations were tested during preliminary tests: 200 nM (forward and reverse), 
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100 nM (forward and reverse), 50/200 nM (forward and reverse, respectively), 50 nM 

(forward and reverse), and 200 nM primer (forward and reverse) with 300 ng cDNA. 

The primer and template concentrations tested were done so on the following sample 

animals: 0.00001 μg/L MTCS; 0.000000001% MeOH and 0.01 nM T3; 0.000001% 

MeOH.  After these tests, the primer concentrations used were 200 nM forward and 

reverse for both RPL8 and xl-TH/bZIP and 200 ng of template. A total of thirty-two 

test samples were run with accompanying RPL8 samples. There were eight replicates 

for each treatment and from those tissues TH/bZIP and RPL8 were both used. Each 

sample contained the cDNA extracted from two larvae from the same Petri dish. There 

were a total of five Petri dishes with ten animals in each dish (n=50). These fifty 

animals were selected randomly for molecular analyses. 

2.3 Results 

 

2.3.1 High Performance Liquid Chromatography Results 
 

The LOD was found using the following concentrations: 1 mg/L, 0.1 mg/L, 

0.05 mg/L, 0.025 mg/L, 0.01 mg/L, and 0.001 mg/L. The mobile phase had a gradient 

of 70% acetonitrile and 30% HPLC-grade water (flow rate = 0.8 mL/min). The LOD 

was 0.05 mg/L and was tested at the following wavelengths to determine the greatest 

sensitivity: 200, 220, 283, and 240 nm (refer to Table 1). Two-hundred nanometers 

provided the greatest sensitivity at 0.05 mg/L. After determining the LOD, the 1 

mg/mL working solution was injected in the HPLC to verify the presence of MTCS. 

With a retention time of approximately 10.071 minutes, MTCS eluted from the 
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column at a similar time as TCS, which should occur since MTCS has a similar 

structure but contains an additional methyl group.  

Table 2. Parameters Tested for HPLC 

λ-Tested 
(nm) 

Concentration-Tested 
(ppm) 

200 10 

220 5 

283 1 

240 0.1 

  0.05 

  0.025 

  0.01 

  0.001 

2.3.2 Water Quality 
 

All of the water quality endpoints were maintained in acceptable ranges and 

can be found in Table 3 (ASTM, 2001). The last two columns represent the nitrogen 

ammonia levels in the combined dishes. The Avg. N-NH3 Std. is the concentration in 

the standard used for N-NH3 calibration. The last column represents the N-NH3 

amount in the combined dishes.  
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                                                   Table 3. Minimum and Maximum Values for Water Quality 

 

  Avg Avg Avg   Avg  Avg 

  Temp  SP Cond DO Conc Avg N-NH3 N-NH3 

Study °C mS/cm mg/L pH Std mg/L 

Range 

Finding 1 20.0-21.8 1399.0- 1443.0 5.7-6.2 7.4-7.9 0.6 0.0-2.1 

Range 

Finding 2 21.5-22.5 1738.0-2292.0 6.9-7.9 7.7-8.2 0.6 0.0-1.4 

T3+MeOH 1 20.6-23.8 1407.0-1828.0 4.1-6.3 7.4- 8.3 0.5 0.0-1.4 

T3+MeOH 2 18.3-21.1 1422.0-1971.0 6.0-9.1 6.6-8.3 0.5-0.6 0.0-1.7 

MTCS 1 22.2-23.5 1680.0- 2056.0 5.9- 9.7 7.4-8.6 0.5-0.6 0.0-0.4 

MTCS 2 21.3-22.9 1612.0-2017.0 6.8-10.4 7.6-8.3 0.5-0.6 0.0-2.2 

MTCS 3 19.9-23.7 1649.0-2067.0 4.7- 8.6 7.5-8.4 0.6-0.7 0.0-0.8 
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2.3.3 T3 and Methanol Concentration Response 
 

As previously stated, the larvae were exposed to 0.01 nM T3, 0.1 nM T3, 1.0 

nM T3, 10.0 nM T3, and 100.0 nM T3, as well as the accompanying solvent controls. 

In the 2 separate T3 and MeOH determination studies, the mean percent mortalities 

and abnormalities along with the S.E.M. were calculated (refer to Table 4). The 

mortality data revealed that FETAX resulted in 6% ± 0.02 mortality, the 0.01 solvent 

control had 0% ± 0.00, 0.01 nM T3 had 6% ± 0.02, 0.1 solvent control had 2% ± 0.02 

mortality, 0.1 nM T3 had 4% ± 0.00, 1.0 solvent control had 4% ± 0.02, the 1.0 nM T3 

had 2% ± 0.00, 10.0 solvent control had 5% ± 0.03, the 10.0 nM T3 had 3% ± 0.01, 

100.0 solvent control had 3% ± 0.01 mortality, 100.0 nM T3 had 6% ± 0.04, and the 

1000.0 solvent control had 2% ± 0.02 mortality.  

The following abnormalities were monitored during the two tests: bent tails, 

edema, abnormal swimming, abnormal eye development, malformed gut, and 

pigmentation effects (Table 4). The concentrations that had bent tails were 0.01 

solvent control (1% ± 0.01), 10.0 solvent control (2% ± 0.02), 10.0 nM T3 (1% ± 

0.01), 100.0 solvent control (1% ± 0.01), and 1000.0 solvent control (1% ± 0.01). 

Only the 1000.0 solvent control animals experienced abnormal eye development (1% 

± 0.01) and malformed gut (1% ± 0.01). The concentrations that experienced abnormal 

pigmentation were FETAX (1% ± 0.01), 0.1 solvent control (1% ± 0.01), 0.1 nM T3 

(1% ± 0.01), 1.0 nM T3 (1% ± 0.01), 10.0 solvent control (3% ± 0.03), 10.0 nM T3 

(1% ± 0.01), 100.0 solvent control (1% ± 0.01), and 100.0 nM T3 (1% ± 0.01). No 

animals developed edema or abnormal swimming.  
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When examining total body length, the 0.01 nM T3-treated animals were 

significantly smaller than the solvent control animals. The 10.0 and 100.0 nM T3-

treated animals were significantly different from the solvent controls but no significant 

effect was seen in the 0.1 and 1.0 nM T3-treated animals. When snout-to-vent length 

was measured, a significant increase was observed in the 10.0 and 100.0 nM T3-

treated animals compared to the controls. The lower concentrations had a decrease in 

snout-to-vent length but it was not statistically significant. Crown width significantly 

increased after exposure to 1.0, 10.0 and 100.0 nM T3 but no significant effect was 

seen at 0.01 and 0.1 nM T3 (One- and two-way ANOVA results are located in 

appendix A).
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Table 4. Mean percent mortality and abnormalities ± S.E.M in T3 and MeOH Determination Studies 

  % % Bent %  % Abnm %  %  % 
Treatment Mortality Tails Edema Swim AED MG Pigment 

FETAX 6.00 ±0.02 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 1.00±0.01 

0.000001% MeOH 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 

0.01 nM T3 6.00±0.02 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 

0.00001% MeOH 2.00±0.02 1.00±0.01 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 1.00±0.01 

0.1 nM T3 4.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 1.00±0.01 

0.0001% MeOH 4.00±0.02 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 

1.0 nM T3 2.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 1.00±0.01 

0.001% MeOH 5.00±0.03 2.00±0.02 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 3.00±0.03 

10.0 nM T3 3.00±0.01 1.00±0.01 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 1.00±0.01 

0.01% MeOH 3.00±0.01 1.00±0.01 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 1.00±0.01 

100.0 nM T3 6.00±0.04 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 1.00±0.01 

0.1% MeOH 2.00±0.02 1.00±0.01 0.00±0.00 0.00±0.00 1.00±0.01 1.00±0.01 0.00±0.00 

  

Asym Tails- Asymmetric Tails, Abnm Swim- Abnormal Swimming, AED- Abnormal Eye Development, and MG- Malformed 

Gut
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Figure 2.5. Effects of T3 on total body length in 96-h old X. laevis 

Bars represent the mean + SEM of 10 to 100 samples for each treatment. Sample size 

is above each column. Asterisks indicate significant difference from vehicle control 

based upon two-way ANOVAs.  
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Figure 2.6. Effects of T3 on snout-to-vent length in 96-h old X. laevis 

Bars represent the mean + SEM of 10 to 100 samples for each treatment. Sample size 

is above each column. Asterisks indicate significant difference from vehicle control 

based upon two-way ANOVAs.  
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Figure 2.7. Effects of T3 on crown width in 96-h old X. laevis  

Bars represent the mean + SEM of 10 to 100 samples for each treatment. Sample size 

is above each column. Asterisks indicate significant difference from vehicle control 

based upon two-way ANOVAs. 
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2.3.4 Methyltriclosan Range Finding Studies 
 

The mean percent mortality and abnormality and S.E.M. calculated for the two 

range finding studies are included in table 5. The mean percent mortalities calculated 

were as follows: FETAX (2% ± 0.01), 0.00001 μg/L MTCS (4% ± 0.03), 0.0001 μg/L 

MTCS (0% ± 0.00), 0.001 μg/L MTCS (0% ± 0.00), 0.01 μg/L MTCS (3% ± 0.01), 

0.1 μg/L MTCS (2% ± 0.02), 1.0 μg/L MTCS (8% ± 0.04), 10.0 μg/L MTCS (6% ± 

0.04), 100.0 μg/L MTCS (6% ± 0.03), and 1000.0 μg/L MTCS (2% ± 0.02). The 

following concentrations had incidences of bent tail: 0.00001 μg/L MTCS (2% ± 

0.02), 0.001 μg/L MTCS (2% ± 0.02), 0.01 μg/L MTCS (4% ± 0.02), 10.0 μg/L 

MTCS (2% ± 0.02), 100.0 μg/L MTCS (6% ± 0.04), and 1000.0 μg/L MTCS (12% ± 

0.08). None of the animals abnormally swam during both range finding studies. The 

0.0001 μg/L MTCS (4% ± 0.04) and 0.001 μg/L MTCS (10% ± 0.05) treated animals 

experienced abnormal eye development. The following concentrations experienced 

malformed guts: FETAX (6% ± 0.04), 0.00001 μg/L MTCS (10% ± 0.03), 0.0001 

μg/L MTCS (2% ± 0.02), 0.01 μg/L MTCS (2% ± 0.02), 0.1 μg/L MTCS (6% ± 0.04), 

and 10.0 μg/L MTCS (4% ± 0.04). Abnormal pigmentation impacted the following 

concentrations: FETAX (6% ± 0.01), 0.00001 μg/L MTCS (2% ± 0.02), 0.001 μg/L 

MTCS (6% ± 0.06), and 0.01 μg/L MTCS (2% ± 0.02).  

The MTCS concentrations used in the definitive concentration tests were based 

upon range finding tests that examined percent mortality and abnormalities after 96-h 

FETAX assays. In the two range finding tests, we found that 4-16% of larvae in the 
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MTCS-treatments displayed edema. The lowest concentration of 0.00001 µg/L MTCS 

had 16% of the larvae (n=50) with edema. Using these findings we decided to use the 

following MTCS concentrations for both definitive tests: 0.00001, 0.0001, 0.001, and 

0.01 µg/L.  
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Table 5. Mean percent Mortality and Abnormalities ± S.E.M  in Range Finding Studies 1 and 2 

 

  % % Bent %  % Abnm % % % 
Treatment Mortality Tails Edema Swim AED MG Pigment 

FETAX 2.00 ±0.01 0.00±0.00 5.00±0.03 0.00±0.00 0.00±0.00 6.00±0.04 6.00±0.01 

0.00001 µg/L MTCS 4.00±0.03 2.00±0.02 4.00±0.04 0.00±0.00 0.00±0.00 10.00±0.03 2.00±0.02 

0.0001 µg/L MTCS 0.00±0.00 0.00±0.00 6.00±0.06 0.00±0.00 4.00±0.04 2.00±0.02 6.00±0.06 

0.001 µg/L MTCS 0.00±0.00 2.00±0.02 6.00±0.03 0.00±0.00 10.00±0.05 0.00±0.00 0.00±0.00 

0.01 µg/L MTCS 3.00±0.01 4.00±0.02 0.50±0.01 0.00±0.00 0.00±0.00 2.00±0.02 2.00±0.02 

0.1 µg/L MTCS 2.00±0.02 0.00±0.00 6.00±0.04 0.00±0.00 0.00±0.00 6.00±0.04 0.00±0.00 

1.0 µg/L MTCS 8.00±0.04 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 

10.0 µg/L MTCS 6.00±0.04 2.00±0.02 6.00±0.04 0.00±0.00 0.00±0.00 4.00±0.04 0.00±0.00 

100.0 µg/L MTCS 6.00±0.03 6.00±0.04 4.00±0.04 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 

1000.0 µg/L MTCS 2.00±0.02 4.00±0.03 12.00±0.08 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 

 

 (Asym Tails- Asymmetric Tails, Abnm Swim- Abnormal Swimming, AED- Abnormal Eye Development, and  MG- 

Malformed Gut) 
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2.3.5 Methyltriclosan Concentration Response 
 

The following concentrations had the specified mean percent mortality and 

SEM for both MTCS concentration response studies: FETAX (0% ± 0.00), 0.00001 

solvent control (3% ± 0.01), 0.00001 μg/L MTCS (4% ± 0.02), 0.0001 solvent control 

(5% ± 0.03), 0.0001 μg/L MTCS (1% ± 0.01), 0.001 solvent control (1% ± 0.01), 

0.001 μg/L MTCS (0% ± 0.00), 0.01 solvent control (3% ± 0.03), and 0.01 μg/L 

MTCS (1% ± 0.01). Bent tails affected the following concentrations: FETAX (1% ± 

0.01), 0.00001 solvent control (1% ± 0.01) and 0.00001 μg/L MTCS (1% ± 0.01). 

None of the animals experienced edema during the two studies. Abnormal swimming 

was observed in the following concentrations: FETAX (1% ± 0.01), 0.00001 solvent 

control (1% ± 0.01) and 0.0001 solvent control (1% ± 0.01). Abnormal eye 

development was only witnessed in the 0.00001 solvent control (1% ± 0.01) animals. 

Malformed gut was noted in the 0.00001 μg/L MTCS (1% ± 0.01) and 0.001 solvent 

control (1% ± 0.01)-treated animals. Finally, the following treatments experienced 

abnormal pigmentation: FETAX (2% ± 0.02), 0.00001 solvent control (3% ± 0.01), 

0.00001 μg/L MTCS (1% ± 0.01), 0.0001 solvent control (2% ± 0.02), 0.001 μg/L 

MTCS (1% ± 0.01), 0.01 solvent control (1% ± 0.005), and 0.01 μg/L MTCS (1% ± 

0.01).  

When total body length was measured in the MTCS-treated animals, there was 

a significant increase in the 0.00001, 0.0001 and 0.001 μg/L MTCS concentrations but 

not the highest concentration of MTCS at 0.01 μg/L . When snout-to-vent length was 

measured there was a significant difference between the 0.0001, 0.001 and 0.01 μg/L 
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MTCS-treated animals and the respective controls. There was not a significant 

difference for the lowest concentration of MTCS with snout-to-vent length. When 

crown width was measured, a significant increase was observed in the 0.00001, 0.0001 

and 0.001 μg/L MTCS-treated animals. A significant difference was not seen in the 

highest concentration of  0.01 μg/L (One- and two-way ANOVA results are located in 

appendix A).  
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Table 6. Mean percent mortality and abnormalities ± S.E.M. in MTCS concentration response tests 1 and 2 

 

  % % Bent % % Abnm % % % 
Treatment Mortality Tails Edema Swim AED MG Pigment 

FETAX 0.00±0.00 1.00±0.005 0.00±0.00 1.00±0.01 0.00±0.00 0.00±0.00 2.00±0.02 

0.000000001% MeOH  3.00±0.01 1.00±0.01 0.00±0.00 1.00±0.01 1.00±0.01 0.00±0.00 3.00±0.01 

0.00001 μg/L MTCS 4.00±0.02 1.00±0.01 0.00±0.00 0.00±0.00 0.00±0.00 1.00±0.01 1.00±0.01 

0.00000001% MeOH  5.00±0.03 0.00±0.00 0.00±0.00 1.00±0.01 0.00±0.00 0.00±0.00 2.00±0.02 

0.0001 μg/L MTCS 1.00±0.01 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 

0.0000001% MeOH  1.00±0.01 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 1.00±0.01 0.00±0.00 

0.001 μg/L MTCS 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 1.00±0.01 

0.000001% MeOH  3.00±0.03 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 1.00±0.005 

0.01 μg/L MTCS 1.00±0.01 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 1.00±0.01 

 

(Asym Tails- Asymmetric Tails, Abnm Swim- Abnormal Swimming, AED- Abnormal Eye Development, and MG- 

Malformed Gut)
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Figure 2.8. Effects of MTCS on total body length in 96-h old X. laevis 

Bars represent the mean + SEM of 10 to 100 samples for each treatment. Sample size 

is above each column. Asterisks indicate significant difference from vehicle control 

based upon a two-way ANOVAs.  



Texas Tech University, Meghan Cromie, December 2012 

 

56 

 

MTCS Concentration (g/L)

FETAX 0.00001 0.00010 0.00100 0.01000

L
e
n

g
th

 (
m

m
)

0

1

2

3

4

Vehicle Control

FETAX

MTCS

55 54
54

94

99

98
99

97
99** *

 
Figure 2.9. Effects of MTCS on snout-to-vent length in 96-h old X. laevis  

Bars represent the mean + SEM of 10 to100 samples for each treatment. Sample size 

is above each column. Asterisks indicate significant difference from vehicle control 

based upon two-way ANOVAs.  
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Figure 2.10. Effects of MTCS on crown width in 96-h old X. laevis 

Bars represent the mean + SEM of 10 to 100 samples for each treatment. Sample size 

is above each column. Asterisks indicate significant difference from vehicle control 

based upon two-way ANOVAs. 
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2.3.6 RT-PCR and qRT-PCR 
 

The RT-PCR products were run on a 2% agarose gel with bands amplified 

from TH/bZIP and TRβ1 mRNA. Compared to the DNA ladder, the product lengths 

for both primers tested were appropriate (refer to Figure 2.11). Unpaired two-tailed 

Students t-tests of the normalized ΔΔCt values were used to compare the T3- and 

MTCS-treated animals to the appropriate controls (refer to Table 7. for raw Ct values). 

A significant difference between the solvent controls and the 10.0 nM T3-treated 

animals (t= 4.661, df= 13, p= 0.0004) was observed (refer to Figure 2.12). There was 

not a significant difference between the solvent controls and the 0.0001 μg/L MTCS-

treated animals (t= 1.342, df= 13, p= 0.2027)(refer to Figure 2.11). The normalized 

ΔΔCt averages were 1.0 for the T3-solvent control samples and 35.86 for the 10.0 nM 

T3-treated larvae. The MTCS solvent control animals had an average of 1.0 and the 

0.0001 μg/L MTCS-treated animals were 0.41.  
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Figure 2.11 2% agarose gel showing amplification of TH/bZIP and TRβ  

(two different primer sets) from 96-h X. laevis embryo cDNA. Expected product 

lengths were RPL8, 477 bp; TH/bZIP, 201 bp, TRβ1, 181 bp; and TRβ2, 154 bp. 

 

 

 

 

 

 

 

 

 

 

 

RPL8 TH/ b ZIP TR  - 2 TR  - 1 

200  bp 
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Table 7. Average Cycle Threshold Values for RPL8 and TH/bZIP 

 

   
Sample 

RPL8 
Average Ct 

TH/bZIP  Average 
Ct 

1- 0.0001 SC MTCS 25.3 31.61 

2-  0.0001 SC MTCS 21.46 30.77 

3- 0.0001 μg/L MTCS 25.73 31.21 

4- 0.0001 μg/L MTCS 22.3 31.24 

5- 10.0 SC T3 21.88 31.37 

6- 10.0 SC T3 22.35 30.75 

7- 10.0 nM T3 21.74 25.73 

8- 10.0 nM T3 21.59 26.01 

9- 0.0001 SC MTCS 22.84 29.22 

10- 0.0001 SC MTCS 22.15 30.84 

11- 0.0001 μg/L MTCS 22.04 29.89 

12- 0.0001 μg/L MTCS 22.54 31.87 

13- 10.0 SC T3 22.48 31.68 

14- 10.0 SC T3 22.23 30.85 

15- 10.0 nM T3 22.75 26.3 

16- 10.0 nM T3 22.4 26.92 

17- 0.0001 SC MTCS 22.23 31.65 

18- 0.0001 SC MTCS 23.92 31.61 

19- 0.0001 μg/L MTCS 22.84 31.46 

20- 0.0001 μg/L MTCS 22.18 31.53 

21- 10.0 SC T3 (Re-do) 23.07 33.86 

22- 10.0 SC T3 29.19 31.83 

23- 10.0 nM T3 22.85 27.45 

24- 10.0 nM T3 23.84 27.22 

25- 0.0001 SC MTCS 22.73 33.81 

26- 0.0001 SC MTCS 22.67 33.67 

27- 0.0001 μg/L MTCS 23.11 33.73 

28- 0.0001 μg/L MTCS 21.96 33.56 

29- 10.0 SC T3 22.67 33.64 

30- 10.0 SC T3 22.99 34.25 

31- 10.0 nM T3 22.55 28.27 

32- 10.0 nM T3 22.71 28.5 
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Figure 2.12. Relative TH/bZIP gene expression in 0.0001 μg/L MTCS-treated and 

vehicle control animals after a 96-h FETAX exposure.  

Bars represent the mean + S.E.M. of 8 samples per treatment. 
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Figure 2.13. Relative THb/ZIP gene expression in 10.0 nM T3-treated and vehicle 

control animals after a 96-h FETAX exposure.  

Bars represent the mean + S.E.M. of 8 samples per treatment

* 
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2.4 Discussion 

 

After determining the LOD for MTCS using HPLC, it became evident that 

measuring the low concentrations used in this study would require further method 

development. At this point in time we have only verified the 1 mg/mL stock of MTCS 

used to make our stock solutions. Additional extraction and analytical work is needed 

to measure the low, environmentally relevant concentrations used in this study. This 

could be completed by concentrating the samples to smaller volume using nitrogen gas 

to avoid volatilization that burning could facilitate. With the results of this study found 

at such low concentrations, like the ones present in the environment, it is important to 

validate a method to efficiently measure the concentration of analyte that the 

organisms are being exposed to in the laboratory setting.  

After the analytical work, the T3 data collected from the two positive and 

vehicle controls studies exhibited a non-monotonic distribution. At the lowest 

concentration, the total body length significantly decreased while the two highest 

concentrations saw a significant, concentration-dependent increase in length (refer to 

Figure. 2.5). There was a statistically significant increase in snout-to-vent length in the 

two highest T3 concentrations while the lower concentrations saw a decrease in length 

(refer to Figure 2.6). Crown width increased at the three highest T3 concentrations, 

suggesting a concentration-dependent response (refer to Figure 2.7). These results 

suggest that at lower concentrations, T3 decreases total body length after early 

embryonic exposure. These effects are manifested by decreases in tail length, as the 
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low dose effect was not seen in snout-to-vent length measurements. These results have 

previously been demonstrated in X. laevis larvae, further supporting the role of T3 on 

development. Research conducted by Weber found the addition of TH to tail fin organ 

explants resulted in tail fin resorption (Weber, 1969). Similarly, Gross and Lapiere 

found that tail resorption was influenced by the TH-dependent secretion of proteolytic 

enzymes and the muscles located in the resorbed tail fin die through a TH-induced 

pathway (Gross and Lapiere, 1962). At higher concentrations T3 exposure resulted in 

increases in total body length, snout-to-vent length and crown width.  

The highest mean percent mortality of the two studies was 6% and the most 

prevalent abnormalities were bent tails (0-2%), abnormal eye development (0-1%), 

malformed gut (0-1%), and abnormal pigmentation (0-3%). All of these values are 

within acceptable ranges. Our results support a minimal difference in mortality and 

abnormality. Additional mortality and abnormality studies might have supportive or 

conflicting findings.  

Two range finding experiments were conducted to determine the LOAEL of 

MTCS, but there were numerous visible morphological abnormalities in the larvae at 

0.00001 µg/L. To determine the LOAEL with the use of concentrations below 0.00001 

µg/L would be difficult since the LOD of the HPLC in our laboratory was 0.05 ppm at 

a wavelength of 200 nm. This constraint was taken into consideration when 

determining the values used for the MTCS response tests. The mean percent mortality 

ranged from 0-8% and the abnormalities were: bent tail (0- 6%), edema (0-12%), 

abnormal eye development (0-10%), malformed gut (0-10%), and pigmentation 
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abnormalities (0-6%) (refer to Table 5). Although the percent abnormalities were 

relatively low, more of the abnormalities were localized in the four lower 

concentrations. These four concentrations were also comparable to environmentally 

relevant concentrations of MTCS (Lindstrom et al., 2002). The concentrations were: 

0.01, 0.001, 0.0001, and 0.00001 μg/L MTCS and were used for the MTCS response 

studies. Due to the non-monotonic effect of T3 observed in the previous experiments 

and the abnormalities noted at the environmentally relevant concentrations in the 

range finding studies, we tested the four lower concentrations.  

The MTCS response studies had mean percent mortalities that ranged from 0-

5% and the abnormalities were as follows: bent tails (0-1%), abnormal swimming (0-

1%), abnormal eye development (0-1%), malformed gut (0-1%), and abnormal 

pigmentation (0-3%) (refer to Table 6). The mortality and abnormality data was very 

different from the range finding studies, and it would be useful to repeat the study to 

see why the incidence of malformed guts and edema were not similar between studies. 

When examining morphological endpoints, the two MTCS studies revealed a 

statistically significant increase in total body length, snout-to-vent length and crown 

width in almost all four test concentrations when compared to the respective vehicle 

controls (refer to Figures 2.8-2.10). These results indicate that MTCS potentially 

increases the rate of development after early embryonic exposure to sublethal 

concentrations. These results could be of concern since MTCS has been measured in 

surface waters at a concentration of 0.002 µg/L (Lindstrom et al., 2002). As previously 

discussed, MTCS could act on the HPT-axis and disrupt development by providing an 
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artificial source of TH, resulting in increased embryonic somatic development. Since 

TRs are present during early developmental periods, it is possible that MTCS can bind 

and affect TH-responsive gene regulation.  

In order to gain a comprehensive understanding of the overall effect of MTCS 

and T3, qRT-PCR was conducted to further elucidate the impact of this compound on 

early embryonic development. Thyroid hormone is critical to amphibian development 

and it is regulated through transcription of TRs. The genes involved with TRs are of 

importance since they have not all been identified during early embryonic 

development in X. laevis. The expression of TRβ1, TRβ2 and TH bZip-containing 

factor (TH/bZIP) were initially tested because they all have been shown to be 

expressed in tissues of postembryonic X. laevis (Das et al., 2009).  

Prior to qRT-PCR primers for TRβ1, TRβ2 and TH/bZip were used to amplify 

respective sequences from control 96-h cDNA using RT-PCR. The PCR products 

were ran on a 2% agarose gel and the bands indicated the appropriate product length. 

Based on our preliminary results and published literature, we used TH/bZIP as our 

primer of interest to examine in the MTCS-and T3-treated larvae. TH/bZIP is a 

member of the basic leucine zipper family of transcription factors (Ikuzawa, 2006) and 

it is associated with genes 8 and 9 or TH/bZIP genes (Furlow and Brown, 1999). 

Previous studies have shown that exogenous TH upregulates TH/bZIP genes, but it 

does so at an “undetectable baseline” (Furlow and Brown, 1999). Bilesimo et al. 

(2011) found that premetamorphic Xenopus tropicalis had greater expression of TRβ 

in brain and tail fin compared to TH/bZIP. When the tadpoles underwent T3 treatment, 
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they had higher TH/bZIP expression levels than TRβ (Bilesimo et al., 2011). We used 

TH/bZIP to establish its presence in early embryonic Xenopus laevis and to see if 

MTCS upregulated gene expression, like T3 exposure did in the Bilesimo study.  

After conducting the qRT-PCR on our MTCS and T3 samples, we used the 

ΔΔCt Method of Analysis to interpret our results. After normalizing the ΔΔCt values 

so that our vehicle controls had a relative gene expression of 1, we compared the T3 

and MTCS values. There was not a significant difference of relative gene expression 

between the MTCS vehicle control tissues and the 0.0001 μg/L-treated animals. 

Exposure to 10.0 nM T3 resulted in TH/bZIP being induced 35.60 fold more compared 

to the vehicle control larvae. These results suggest that TH/bZIP expression is not 

induced from sublethal concentrations of MTCS, but is inducible with 10.0 nM T3-

exposure. This study indicates that MTCS doesn’t enhance TH/bZIP gene expression 

but it would be advisable to conduct qRT-PCR using the early embryonic tissues but 

to use another T3-responsive gene such as TRβ primer. Due to financial constraints, 

we were unable to conduct additional primer testing with the MTCS-treated samples.  

2.5 Conclusion 

 

Based on our qRT-PCR findings, TH/bZIP is minimally expressed in tissues 

during early embryonic development. It is possible that TRβ is expressed in greater 

levels at this early stage in X. laveis since TRs are shown to be present right after 

fertilization (Baker and Tata, 1990). Future studies could examine other TH-related 

genes to see if they are inducible after MTCS or TCS exposure and if they are present 

at greater levels. Due to the effects of MTCS on total body length, snout-to-vent 
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length and crown width at environmentally relevant concentrations, it is vital that 

further research be conducted on the genes influenced by exposure or to deduce 

whether or not a nongenomic pathway is being followed. 

It is also important to determine the long-term effects of TCS and MTCS 

exposure on metamorphosis in X. laevis. The Veldhoen study found that TCS and T3 

exposure in premetamorphic tadpoles decreased body weight and increased hindlimb 

length (Veldhoen et al., 2008). Our study focused solely on early embryonic 

development so it is probable that MTCS impacts development during metamorphosis 

and at that point would influence gene expression and morphology. Our data suggests 

that MTCS does effect early embryonic development, but the exact pathway is 

indeterminate at this point. 

Bioaccumulation of MTCS in the animals is another factor that could have 

unforeseeable effects, especially at higher concentrations in the body. Additionally, 

possible routes of uptake of TCS and MTCS in amphibians could provide further 

insight into the feedback systems at risk. There are many questions that need to be 

answered and TCS will continue to be overused in personal care products, so both 

TCS and MTCS will continue to persist in the environment and have possible effects 

on the health and fitness of aquatic organisms exposed. It is important that more 

research is conducted on TCS and MTCS because at this point, we are being exposed 

to a product that could have serious long-term consequences on not only humans, but 

the environment as well. 
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APPENDIX A 

ONE- AND TWO-WAY ANOVA RESULTS 
 

When using One-Way ANOVA to examine total body length of larvae from 

definitive test 1, the FETAX dishes were not significantly different within the dishes 

or replicates (F= 0.89, df= 4, p= 0.48). The 0.00001 μg/L MTCS dishes were not 

significantly different (F= 0.61, df= 4, p= 0.66), along with the solvent control (F= 

1.30, df= 4, p= 0.29). The 0.0001 μg/L MTCS dishes were not significantly different 

(F= 1.16, df=4, p= 0.34), as well as the solvent control (F= 0.89, df= 4, p= 0.48). The 

0.001 μg/L dishes were not significantly different (F= 0.54, df= 4, p= 0.71), along 

with the solvent control (F= 0.93, df= 4, p= 0.46). The 0.01 μg/L dishes were not 

significantly different (F= 0.61, df=4, p= 0.66), along with the solvent control (F= 

2.13, df= 4, p= 0.09).   

 The snout-to-vent length measured in the FETAX dishes of definitive test 1 are 

not significantly different (F= 1.97, df= 4, p= 0.12). The 0.00001 μg/L dishes were not 

significantly different (F= 1.69, df= 4, p= 0.17), along with the solvent control dishes 

(F= 0.10, df= 4, p= 0.98). The 0.0001 μg/L dishes were not significantly different (F= 

0.56, df= 4, p= 0.69) as well as the solvent control (F= 0.10, df= 4, p= 0.98). The 

0.001 μg/L dishes were not significantly different (F= 0.66, df= 4, p= 0.62), as well as 

the vehicle control (F= 1.64, df= 4, p= 0.18). The 0.01 μg/L dishes were not 

significantly different (F= 0.94, df= 4, p= 0.45) and vehicle control dishes (F= 0.11, 

df= 4, p= 0.98).  
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 The crown width measured in the larvae of the FETAX dishes in definitive test 

1 were significantly different (F= 2.97, df= 4, p= 0.03). The 0.00001 μg/L-treated 

dishes were not significantly different (F= 0.34, df= 4, p= 0.85), unlike the vehicle 

control dishes (F= 3.60, df= 4, p= 0.01). The 0.0001 μg/L dishes were not significantly 

different (F= 0.39, df= 4, p= 0.81), as well as the vehicle control dishes (F= 0.34, df= 

4, p= 0.85). The 0.001 μg/L dishes were not significantly different (F= 0.62, df= 4, p= 

0.65), but the vehicle control was significantly different (F= 3.97, df= 4, p= 0.01). The 

0.01 μg/L dishes were not significantly different (F= 0.88, df= 4, p= 0.48), as well as 

the vehicle control (F= 0.61, df= 4, p= 0.66). 

 When examining total body length for definitive test 2, the FETAX dishes 

were not significantly different (F= 0.69, df= 4, p= 0.60). The 0.00001 μg/L MTCS-

treated dishes were significantly different (F= 3.72, df= 4, p= 0.01) but the solvent 

control was not significantly different (F= 2.10, df= 4, p= 0.10). The 0.0001 μg/L 

MTCS dishes were significantly different (F= 2.74, df= 4, p= 0.04) but the vehicle 

control dishes were not significantly different (F= 1.47, df= 4, p= 0.23). The 0.001 

μg/L MTCS dishes were not significantly different (F= 1.68, df= 4, p= 0.17), as well 

as the vehicle controls (F= 0.92, df= 4, p= 0.46). The 0.01 μg/L-treated dishes were 

not significantly different (F= 0.63, df= 4, p= 0.83) but the solvent control was 

statistically different (F= 4.99, df=4, p=0.002).  

 The FETAX dishes, when measured snout-to-vent for definitive test 2, were 

significantly different (F= 7.37, df= 4, p= 0.0001). The 0.00001 μg/L dishes were 

significantly different (F= 5.18, df= 4, p= 0.002) but the vehicle controls were not (F= 
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1.32, df= 4, p= 0.28). The 0.0001 μg/L dishes were not significantly different (F= 

1.62, df= 4, p= 0.19), as well as the vehicle controls (F= 0.59, df= 4, p= 0.67). The 

0.001 μg/L dishes were not significantly different (F= 1.22, df= 4, p= 0.32), along 

with the vehicle controls (F= 0.77, df= 4, p= 0.55). The 0.01 μg/L dishes were not 

significantly different (F= 0.47, df= 4, p= 0.76) and the vehicle control dishes (F= 

2.36, df= 4, p= 0.07). 

 When measuring crown width for the FETAX dishes in definitive test 2, there 

was a significant difference between dishes (F= 7.89, df= 4, p<0.0001). The 0.00001 

μg/L dishes were significantly different (F= 7.19, df= 4, p= 0.0002) but the vehicle 

controls were not significant (F= 1.35, df= 4, p= 0.27). The 0.0001 μg/L dishes were 

not significantly different (F= 2.49, df=4, p= 0.06), as well as the vehicle controls (F= 

0.10, df= 4, p= 0.98). The 0.001 μg/L dishes were significantly different (F= 4.61, 

df=4, p= 0.003), unlike the vehicle controls (F= 0.57, df= 4, p= 0.69). The 0.01 μg/L 

dishes were not significantly different (F= 0.31, df= 4, p= 0.87) but the vehicle 

controls were different (F= 4.13, df= 4, p= 0.007). 

 The next 2 studies, control study 1 and control study 2 focused on the positive 

control, T3. In the first control study the total body length was measured in the 

FETAX-treated dishes and they were not significantly different (F= 1.18, df= 4, p= 

0.33). The 0.01 nM T3 dishes were not significantly different (F= 1.99, df= 4, p= 

0.11), along with the accompanying vehicle control (F= 2.52, df= 4, p= 0.06). The 0.1 

nM T3 dishes were not significantly different (F= 1.20, df= 4, p= 0.32) and so were 

the vehicle controls (F= 0.46, df= 4, p= 0.76).  
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 The snout-to-vent length was measured in control study 1 and the FETAX-

treated dishes were not significantly different (F= 0.57, df= 4, p= 0.69). The 0.01 nM 

T3 dishes were not significantly different (F= 0.62, df= 4, p= 0.65) but the vehicle 

control dishes were significantly different (F= 7.65, df= 4, p< 0.0001). The 0.1 nM T3 

dishes were not significantly different (F= 0.69, df= 4, p= 0.61), as well as the vehicle 

controls dishes (F= 0.62, df= 4, p= 0.65). The 1.0 nM T3 dishes were not significantly 

different (F= 2.45, df= 4, p= 0.06), along with the vehicle control dishes (F= 1.16, df= 

4, p= 0.34). The 10.0 nM T3 dishes were not significantly different (F= 0.61, df= 4, p= 

0.66) and the vehicle control dishes (F= 0.76, df= 4, p= 0.56). The 100.0 nM T3 dishes 

were significantly different (F= 3.83, df= 4, p= 0.01) but the vehicle control dishes 

were not (F= 1.63, df= 4, p= 0.18). 

 The crown width measurements from control study 1 of the FETAX-treated 

dishes were not significantly different (F= 0.84, df= 4, p= 0.51). The 0.01 nM T3-

treated dishes were not significantly different (F= 0.71, df= 4, p= 0.59), unlike the 

vehicle control dishes (F= 7.43, df= 4, p= 0.0001). The 0.1 nM T3 dishes were not 

significantly different (F= 1.07, df= 4, p= 0.38), as well as the vehicle control dishes 

(F= 1.40, df= 4, p= 0.25). The 1.0 nM T3 dishes were not significantly different (F= 

0.97, df= 4, p= 0.43) along with the vehicle control dishes (F= 1.32, df=4, p= 0.28). 

The 10.0 nM T3 dishes were not significantly different (F= 1.91, df= 4, p= 0.13), as 

well as the vehicle control dishes (F= 0.24, df= 4, p= 0.92). The 100 nM T3 treated 

dishes were significantly different (F= 3.58, df= 4, p= 0.01), unlike the vehicle control 

dishes (F= 0.11, df= 4, p= 0.98). 
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 The total body length measurements of the FETAX-treated dishes were not 

significantly different (F= 1.88, df= 4, p= 0.13). The 0.01 nM T3-treated dishes were 

not significantly different (F= 1.23, df= 4, p= 0.31), along with the vehicle control 

dishes (F= 1.90, df= 4, p= 0.13). The 0.1 nM T3 dishes were not significantly different 

(F= 0.42, df= 4, p= 0.80), but the vehicle control dishes were not (F= 3.97, df= 4, p= 

0.008). The 1.0 nM T3 dishes were significantly different (F= 5.93, df= 4, p= 0.0007), 

but the vehicle control dishes were not (F= 2.04, df= 4, p= 0.11). The 10.0 nM T3 

dishes were significantly different (F= 3.37, df= 4, p= 0.02), unlike the vehicle control 

dishes (F= 0.78, df= 4, p= 0.54). The 100.0 nM T3 dishes were not significantly 

different (F= 2.03, df= 4, p= 0.11), as well as the vehicle control dishes (F= 2.0, df= 4, 

p= 0.11).  

 The snout-to-vent length measurements of the FETAX-treated dishes in control 

study 2 were not significantly different (F= 0.41, df= 4, p= 0.80). The 0.01 nM T3-

treated dishes were not significantly different (F= 1.02, df= 4, p= 0.41), along with the 

vehicle controls dishes (F= 1.03, df= 4, p= 0.41). The 0.1 nM T3 dishes were not 

significantly different (F= 0.33, df =4, p= 0.86), unlike the vehicle control dishes (F= 

3.63, df= 4, p= 0.01). The 1.0 nM T3 dishes were significantly different (F= 4.59, df= 

4, p= 0.004), unlike the vehicle control dishes (F= 1.60, df= 4, p= 0.19). The 10.0 nM 

T3-treated dishes were significantly different (F= 3.06, df= 4, p= 0.03), unlike the 

vehicle control dishes (F= 1.50, df= 4, p= 0.22). The 100.0 nM T3-treated dishes were 

not significantly different (F= 0.76, df= 4, p= 0.56), along with the vehicle control 

dishes (F= 0.49, df= 4, p= 0.74). 
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 The crown width measurements of the FETAX-treated dishes in control study 

2 were not significantly different (F= 0.31, df= 4, p= 0.87). The 0.01 nM T3-treated 

dishes were significantly different (F= 4.18, df= 4, p= 0.006), as well as the vehicle 

control dishes (F= 3.87, df= 4, p= 0.009). The 0.1 nM T3 dishes were not significantly 

different (F= 0.75, df= 4, p= 0.56), unlike the vehicle control dishes (F= 8.99, df= 4, 

p< 0.0001). The 1.0 nM T3-treated dishes were significantly different (F= 7.01, df= 4, 

p= 0.0002), unlike the vehicle control dishes (F= 1.34, df= 4, p= 0.27). The 10.0 nM 

T3-treated dishes were significantly different (F= 4.12, df= 4, p= 0.006), unlike the 

vehicle control dishes (F= 0.52, df= 4, p= 0.72). The 100.0 nM T3-treated dishes were 

not significantly different (F= 0.39, df= 4, p= 0.82), along with the vehicle control 

dishes (F= 0.44, df= 4, p= 0.78). 

 To examine the effects of the different dates of the studies and the different 

treatments, two-way ANOVAs were used.  The animals exposed to solely FETAX had 

a mean total body length of 11.624 and a standard error of the mean of 0.131. The 

animals exposed to 0.01 nM T3 were significantly different from the respective 

solvent control animas (F1,1=0.000) and there was not significant interaction between  

treatment and date. There was not a significant difference observed between the 0.1 

nM T3-treated animals and the solvent control animals (F1,1=0.093) and there was not 

a significant interaction between treatment and date. There was not a significant 

difference observed between the 1.0 nM T3-treated animals and the respective 

controls (F1,1=0.504) and there was not a significant interaction. There was a 

significant difference between the 10.0 nM T3-treated animals and the vehicle control 
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animals (F1,1=0.000) and there was not a significant interaction. A significant 

difference was observed without a significant interaction between the 100.0 nM T3-

treated animals and the controls (F1,1=0.005).  

 When exposed to FETAX, the animals had a mean snout-to-vent length of 

3.603 and a standard error of the mean of 0.039. The 0.01 nM T3-treated animals were 

not significantly different from the control animals (F1,1=0.241) and there was not a 

significant interaction between treatment and date. There was not a significant 

interaction or difference between the 0.1 nM T3-treated animals and the controls 

(F1,1=0.935). There was not a significant interaction or difference between the 1.0 nM 

T3-treated animals and the controls (F1,1=0.603). There was a significant difference 

between the 10.0 nM T3-treated animals and the controls (F1,1=0.000) and there was 

not significant interaction between treatment and date. There was both a significant 

difference and interaction between the 100.0 nM T3-treated animals and the controls 

(F1,1=0.000). 

 The FETAX exposed animals had a mean crown width of 2.707 and a standard 

error of the mean of 0.023. There was not a significant difference between the 0.01 

nM T3-treated animals and the controls (F1,1=0.879) and there was not a significant 

interaction between treatment and date. There was not a significant difference between 

the 0.1 nM T3-treated animals and the controls (F1,1=0.166) and there was not a 

significant interaction. There was a significant difference between the 1.0 nM T3-

treated animals and the controls (F1,1=0.022) and there was not a significant 

interaction between treatment and date. There was a significant difference between the 



Texas Tech University, Meghan Cromie, December 2012 

 

82 

 

10.0 nM T3-treated animals and the controls (F1,1=0.000) and there was not a 

significant interaction. There was also a significant interaction between the 100.0 nM 

T3-treated animals and the respective solvent control-treated animals (F1,1=0.000) and 

there was not a significant interaction.  

 The FETAX exposed animals had a mean total body length of 10.796 and a 

standard error of the mean of 0.084. The 0.00001 µg/L MTCS-treated animals were 

significantly different from the respective control-treated animals (F1,1=0.011) but 

there was not a significant interaction between the treatment and dates. There was a 

significant difference between the 0.0001 µg/L MTCS-treated animals and the 

controls (F1,1=0.017) and there was not a significant interaction. There was a 

significant difference between the 0.001 µg/L MTCS-treated animals and the controls 

(F1,1=0.008) and there was not a significant interaction. There was not a significant 

difference between the 0.01 µg/L MTCS-treated animals and the controls (F1,1=0.482) 

and there was a significant interaction.  

 The animals exposed to FETAX had a mean snout-to-vent length of 3.439 and 

a standard error of the mean of 0.033. There was not a significant difference in snout-

to-vent length of the 0.00001 µg/L MTCS-treated animals and the controls 

(F1,1=0.683) and there was not a significant interaction. There was a significant 

difference between the 0.0001 µg/L MTCS-treated animals and the controls 

(F1,1=0.000) and there was not a significant interaction between the treatment and date. 

There was a significant difference between the 0.001 µg/L MTCS-treated animals and 

the controls (F1,1=0.000) and there was a significant interaction. There was also a 
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significant difference between the 0.01 µg/L MTCS-treated animals and the controls 

(F1,1=0.005) but there was also a significant interaction.  

 The mean crown width of the FETAX-exposed animals was 2.447 with a 

standard error of the mean on 0.046. There was a significant difference in crown width 

between the 0.00001 µg/L MTCS-treated animals and the respective vehicle controls 

(F1,1=0.027) and there was not a significant interaction between date and treatment. 

There was a significant difference between the 0.0001 µg/L MTCS-treated animals 

and the controls (F1,1=0.000) but there was a significant interaction. There was a 

significant difference between the 0.001 µg/L MTCS-treated animals and the controls 

(F1,1=0.049) and there was not a significant interaction. There was not a significant 

difference between the 0.01 µg/L MTCS-treated animals and the controls (F1,1=0.473) 

but there was a significant interaction between treatment and date.  

 

  

 

 

 

 


