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Triclosan and triclocarban are antimicrobials found in numerous consumer 

products, while caffeine is the most commonly consumed stimulant by humans.  This 

study was undertaken to determine the effects of triclosan, triclocarban, and caffeine on 

the development and physiology of amphibian larvae. 
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LC50 values of triclosan and triclocarban were determined after 96 hours for 

three North American larval species: Acris crepitans blanchardii, Bufo woodhousii 

woodhousii, Rana sphenocephala, and for a common amphibian developmental model: 

Xenopus laevis.  Amphibian larvae were most sensitive to triclosan and triclocarban 

exposure during early development based upon 96-hour LC50 values.  

Heart rates for X. laevis and North American larvae exposed to triclosan were 

variable throughout development.  However, significantly lower heart rates were 

observed in all larvae exposed to triclocarban.  Metabolic rates of X. laevis and R. 

sphenocephala larvae exposed to triclosan were significantly affected in larvae exposed 

to ½ LC50 and the LC50 concentration.  Metabolic rates of X. laevis larvae exposed to 

triclocarban were significantly affected by exposure to ½ LC50 concentrations in three 

of four stages investigated.  No significant differences were observed in North American 

larvae exposed to triclocarban. 

Tissue uptake, lipid uptake, tissue bioconcentration factor (BCF) and lipid BCF of 

triclosan and triclocarban were investigated in three developmental stages of X. laevis, 

and in one developmental stage of B. woodhousii woodhousii, and R. sphenocephala.  



For most tissue and lipid uptake values, a significant increase was observed as 

exposure concentration increased.  Tissue and lipid BCF values were dependent upon 

both stage and species. 

Chronic and acute effects of caffeine were determined in X. laevis larvae.  Acute 

96-hour LC50 values in four developmental stages were > 75,000 ug L-1 caffeine and 

heart rates were significantly different at the two earliest developmental stages.  Larvae 

chronically exposed to caffeine reached metamorphosis at the same time as controls.  

Changes in chronic heart rate were dependent upon stage of development and 

exposure concentration.  

This research indicates that the toxicity of amphibian larvae exposed to triclosan, 

triclocarban, and caffeine appears to be dependent upon species and developmental 

stage, with early developmental stages being most sensitive to contaminant exposure.   
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CHAPTER 1 

 

INTRODUCTION 

 

Research Objectives 

The purpose of this research was to determine physiological and toxic effects of 

three environmental contaminants (triclosan, triclocarban, and caffeine) in larval 

amphibians.  The environmental effects resulting from the production, use and disposal 

of numerous contaminants providing improvements to industry, agriculture, and 

household convenience has become a major concern for environmentalists (Daughton 

and Ternes, 1999).  Abnormal physiological processes, reproductive impairment, and 

decreased survival in aquatic organisms have resulted from the presence of 

contaminants in the environment (Sharpe and Skakkebaek, 1993; Purdom et al., 1994; 

Harrison et al., 1997; Jobling et al., 1998; Panter et al., 2000).  The effects of many 

contaminants in aquatic ecosystems are not clearly understood.   

For many contaminants, little to no data exists on the effects on amphibians. 

Amphibians are of particular concern because they are declining on a global scale 

(Wake, 1998; Alford and Richards, 1999; Houlahan et al., 2000; Blaustein and 

Kiesecker, 2002).  The presence and availability of contaminants in aquatic ecosystems 

might hinder the growth and development of aquatic organisms.  While amphibian 

declines might be the result of a number of causes, including habitat destruction, 

disease, increased ultraviolet-B radiation (Blaustein et al., 1994; Zaga et al., 1998), 

recent studies suggest that declines are due to the presence of contaminants (Crawford 
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and Guarino, 1985; Andrews and George, 1991, Henschel et al., 1997; Jones et al., 

2002; Kolpin et al., 2002).  Aquatic toxicity tests have primarily focused on fish and 

aquatic invertebrates, but not on amphibians because contaminant registration does not 

require amphibian tests (Cooney, 1995). 

Toxicity must be determined in amphibians to assess the role contaminants 

might play in the decline of amphibian populations.  Amphibian toxicological studies 

frequently use Xenopus laevis (African clawed frog) as their model organism.  Because 

contaminant sensitivity can vary interspecifically, X. laevis might tell us little about the 

effects of contaminants on amphibians in general or the effects of contaminants on 

amphibian species native to North America (Blanck and Wangberg, 1988).  Whether or 

not contaminants contribute to declines, the presence of contaminants could alter 

community biodiversity, because many amphibians breed within or around agricultural 

areas that are routinely exposed to pesticides and other chemicals in urban and 

suburban environments. 

Most lethality studies determine the LC50 (the concentration of a contaminant 

that is estimated to kill 50% of a test population) for a specified time usually in 1 to 4 day 

exposure studies, in the absence of food and without variability in biotic or abiotic 

factors.  Determining LC50 values is an efficient way to study the toxicity of a large 

number of chemicals in a relatively short time period.  However, organisms in nature are 

typically exposed to a contaminant for longer periods of time, during critical 

developmental periods, and are also more likely to experience a combination of abiotic 

and biotic factors.  Such factors have considerable impacts on a contaminant’s toxicity 

(Lohner and Fisher, 1990; Zaga et al., 1998; Boone and Bridges, 1999; Boone and 
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Semlitsch, 2001).  For example, carbaryl can become 46 times more lethal when 

combined with chemical cues released by aquatic predators (Relyea and Mills, 2001). 

The timing of exposure to a contaminant during development might also be 

critical in influencing its toxicity.  Because larval periods for various amphibian species 

differ in length, this developmental timing of exposure might be species specific.  

Species such as toads and treefrogs with short larval periods might be more likely to 

avoid larval exposure to contaminants by simply reaching metamorphosis before the 

chemical has time to have a negative effect (Boone and Semlitsch, 2001).  This 

research aimed to determine acute responses of triclosan, triclocarban on four 

amphibian species and additionally the acute and chronic effects of caffeine exposure 

on X. laevis. 

 

Environmental Contaminants 

Here, I am considering environmental contaminants as man-made chemicals that 

are released into the environment on a daily basis.  Ninety-five organic wastewater 

contaminants were surveyed in 139 streams across 30 states over the course of two 

years (1999-2000) and results indicated the presence of organic wastewater 

contaminants in 80% of the streams sampled (Kolpin et al., 2002).  Of the 95 

contaminants surveyed, triclosan and caffeine were among the top five most frequently 

detected compounds (Kolpin et al., 2002).  While not directly measured, it is predicted 

via computer modeling and experimental data, that triclocarban should have a 60% 

detection frequency and would rank in the top 20 of 95 pharmaceuticals, hormones and  
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organic wastewater contaminants in aquatic systems (Halden and Paull, 2005; Kolpin et 

al, 2002). 

Triclosan (5-Chloro-2-(2,4-dichlorophenoxy)phenol) (Figure 1.1) is an important 

bacteriocide used in various personal care and consumer products such as shampoo, 

soaps, deodorants, toothpaste, and plasticware.  The environmental fate and behavior 

of triclosan is not fully understood, although photolysis has been identified as a major 

degradation pathway in surface waters (Lindstrom et al., 2002).  The rate of photolysis 

depends upon water pH, light intensity, water depth and water turbulence (Sabaliunas 

et al., 2003).  Triclosan has an estimated half-life of 60 days in water (Halden and Paull, 

2005).  In a survey of 139 streams in 30 states, the frequency of detection of triclosan 

was 58%, with the highest environmental concentration being 2.3 ug L-1 (Kolpin et al., 

2002).  Because of its use in antimicrobial products, the mode of action is known for 

bacterial species.  Triclosan is fat-soluble and easily adsorbs to the lipid portion of the 

bacterial cell membrane (Greenman et al., 1997).  Once inside the cell, triclosan blocks 

the active site of enoyl-acyl carrier-protein reductase (ENR) preventing the bacteria from 

producing fatty acids it needs for building cell membranes (Rao et al., 2003).  In 

eukaryotic cells, one suggested mode of action of triclosan is to impair mitochondrial 

function (Negrelo Newton et al., 2005).  Also, triclosan has been found to act as an 

inducer of cytochrome P450 in liver microsomes (Kanetoshi et al., 1991) and interferes 

with immune function of human cells in vitro (Zuckerbraun et al., 1998).  Triclosan also 

has a structure similar to inhibitors of phase II enzymes, which allows it to act as a 

selective inhibitor of glucuronidation and sulfonation of xenobiotics (Wang et al., 2004).  
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By inhibiting the phase II metabolism process, triclosan can remain active within the 

organism and increase the duration and the intensity of its action. 

 

Figure 1.1.  The structural formula of triclosan. 

 

Recent studies have examined the effects of triclosan on amphibian and fish 

development.  Rana pipiens larvae chronically exposed to triclosan for 24 days at 

concentrations of 230 ug L-1 were less active than controls, startle response was lower, 

and they showed a significantly lower level of survival than each of the other levels of 

triclosan treatments (2.3 and 23 ug L-1) and controls (Fraker and Smith, 2004).  Bufo 

americanus larvae exposed to 2.3 ug L-1 triclosan for 14 days had earlier and a higher 

rate of mortality when compared to controls not exposed to triclosan (Smith and Burgett, 

2005).  Xenopus laevis larvae have demonstrated decreased activity levels with 

exposure to triclosan levels of 2.3 and 230 ug L-1 (Fraker and Smith, 2005).  Adult 

female medaka (Oryzias latipes) exposed to 200 ug L-1 of triclosan for 21 days had 

significantly shorter length compared to controls (Ishibashi et al., 2004).  Although no 

acute toxicity has been determined for amphibians, 96 hour LC50 values of triclosan 

have been measured in fishes and daphnia and range from 260 to 602 ug L-1 (Table 

1.1).   
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Table 1.1. Triclosan lethal concentrations (96 hour LC50, ug L-1) in selected species.  
 

Species 96 hr LC50 (ug L-1) 
Rainbow trouta 

(Oncorhynchus mykiss) 
350 

Bluegill sunfishb 

(Lepomis macrochirus) 
370 

Fathead minnowb 

(Pimephales promelas) 
260 

24-hour old Medaka 
(Oryzias latipes)c 

602 

Waterfleaa 

(Daphnia magna) 
390 

aCiba, 1998; bOrvos et al., 2002; cIshibashi et al., 2004 

 

Triclocarban (N-(4-chlorophenyl)-N’-(3,4-dichlorophenyl)-urea) (Figure 1.2) is 

toxic to vertebrate and invertebrate species (Nolen and Dierckman, 1979) and persists 

for 540 days (Gledhill, 1975). Triclocarban has been added to detergents, cosmetics 

and other personal care products since 1957 (TCC Consortium, 2002), but the fate of 

triclocarban is unknown after more than 50 years of use and down-the-drain disposal.  

Eighty-four percent of antimicrobial bar soaps sold in the United States contain 

triclocarban (Perencevich et al., 2001).  Recent studies have found triclocarban in 

concentrations as high as 6.75 ug L-1 (Halden and Paull, 2005).  Triclocarban acts on 

gram positive bacteria in the 100,000 ug L-1 range and on gram negative bacteria and 

fungi at 1,000,000 ug L-1 (Gledhill, 1975). Due to its structural similarity to triclosan, 

triclocarban is predicted to have a similar mode of action.  Triclocarban has recently 

been linked to endocrine disruption by amplifying androgen receptor mediated activity in 

rats (Chen et al., 2008).  Triclocarban has also caused methemoglobinemia in humans 

exposed to boiled water containing 1.1% triclocarban, which formed a primary aromatic 

amine (Johnson et al., 1963). Lethal concentration (LC50) values have not been 
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determined for any amphibian larval species and only a few studies have investigated 

the toxic effects of triclocarban (Table 1.2). 

 

 

Figure 1.2. The structural formula of triclocarban. 

 

Table 1.2. Triclocarban lethal concentrations (96 hour LC50, ug L-1) in selected species.  
 

Species 96 hr LC50 (ug L-1) 
Rainbow trouta 

(Oncorhynchus mykiss) 
120 

Bluegill sunfisha 

(Lepomis macrochirus) 
80 

Water fleaa 

(Daphnia magna) 
10 

      a TCC Consortium, 2002      

 

Caffeine (3,7-dihydro-1,3,7-trimethyl-1h-purine-2,6-dione) (Figure 1.3) is one of 

the most commonly consumed stimulants by humans (Lawrence et al., 2005 and Cahill 

et al., 2004) and is a member of a group of alkaloids, the xanthenes.  Caffeine is used 

as a cardiac, brain, and respiratory stimulant as well as a diuretic (Buerge et al., 2003).  

Likely sources for presence of caffeine in the environment include being a key 

ingredient in tea, coffee, soft drinks and in foods containing chocolate.  It is estimated 

that caffeine is consumed globally at a rate of 70 mg person-1 day-1 (Buerge et al., 

2003).  In the United States, the daily consumption rate is an average of 210 mg person-

1 with a national total of 63,000 kg caffeine day-1 (Buerge et al., 2003).  While only 1-3% 
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of ingested caffeine is excreted in the urine (Scott et al., 1988) environmental 

concentrations are as high as 6 ug L-1 (Kolpin et al., 2002; Cahill et al., 2004) with most 

concentrations being less than 1 ug L-1 (Kolpin et al., 2002).  The mode of action for 

caffeine in mammals is as an antagonist to adenosine receptors (A1 and A2A) found in 

the brain (Fredholm et al., 1999; O’Brien, 2001).  Adenosine receptors are found in 

frogs and when activated cause decreased blood flow (Storey, 2004).  LC50 values in 

X. laevis have been estimated to be greater than 100,000 ug L-1, although stage of 

development was not specified (Table 1.3). 

 

Figure 1.3. The structural formula for caffeine. 

 

Table 1.3. Caffeine lethal concentrations (96 hour LC50, ug L-1) in selected species. 
 

Species 96 hr LC50 (ug L-1) 
African Clawed froga 

(Xenopus laevis) 
 

> 100,000 (96 hr) 
Water fleab 

(Ceriodaphnia dubia) 
 

50,000 (48 hr) 
Fathead minnowb 

(Pimephales promelas) 
 

80,000 (48 hr) 
Midgeb 

(Chironomus dilutus) 
 

970,000 (48 hr) 
aRichards and Cole, 2006; bMoore et al., 2008 

 

 

 



9 
 

Amphibian Development 

Approximately 4,400 different frog species exist in the world today (McDiarmid 

and Altig, 2000).  About three-fourths of these species produce larvae during 

development (McDiarmid and Altig, 2000).  Amphibian larvae are ideal experimental 

models to investigate biological processes because of their small size, their interactions 

with the aquatic environment, abundance in the environment, absence of sexual 

behavior, and ease of care.  The life cycle of amphibian larvae provides opportunities to 

investigate environmental influences that can hinder growth, morphology, physiology 

and metamorphosis.  Amphibians undergo many morphological and physiological 

changes as they develop from the egg to the adult and thus, it is possible that sensitivity 

to contaminants is dependent upon developmental stage. Contaminants might be more 

or less toxic depending on the stage in development.  Amphibians appear to be most 

sensitive to contaminants as they progress through their earliest developmental stages 

(Herkovits and Perez-Coll, 1990, 1993).  The amphibian larvae in the current research 

were investigated throughout larval development, from the earliest free-swimming 

larvae through metamorphosis.  To investigate the potential differences that exist in the 

development of amphibian larvae, three larval species were collected locally and staged 

according to Gosner (1960), while X. laevis larvae were obtained from a commercial 

supplier and staged according to Nieuwkoop and Faber (1967) (Table 1.4). 
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Table 1.4.  Developmental stages used in Xenopus laevis and three amphibian species 
native to North America.  Selection of these stages was based upon morphological 
developmental characteristics.  Physiological characteristics occurring at the specific 
developmental stages are also indicated. 
 
 

Xenopus 
laevis 

Nieuwkoop 
and Faber, 

1967 

Physiological 
Development 

Nieuwkoop and 
Faber, 1967 

Morphological 
Development 

North 
American 
species 
Gosner, 

1960 

Physiological 
Development 
Gosner, 1960 

 
41 

Blood circulation 
in between gills 

and mouth, spiral 
valve present in 
conus arteriosus 

 
Prelimb 

development 

 
22 

Blood circulation 
in tail fin and 

begin swimming  

 
49 

Partition between 
atria complete, 
spleen highly 
vascularizeda 

 
Hindlimb bud 

 
30 

Spleen contains 
reticular cells, 

RBCa 

 
54 

Thyroid hormone 
directed 

metamorphosis 

 
Forelimb bud 

 
36 

Larval RBC from 
mesonephric 
kidneys and 

livera 
 

66 
 

Metamorphosing 
 

Tail resorption 
 

46 
Metamorphosing 

Switch from 
larval to adult 

Hba 
aViertel and Richter, 1999.   RBC=Red blood cells; Hb=Hemoglobin 

 

Parameters Measured 

 Most toxicity tests determine LC50 values, the lethal concentration which causes 

mortality in 50% of the organisms exposed in a specified time.  LC50 determinations are 

among the most common toxicity tests used to characterize the toxic effects of 

contaminants on aquatic species.  LC50 values are useful for environmental regulators 

to help establish acceptable limits in the environment.  The following studies determined 

the 96 hour LC50 values across four developmental stages for X. laevis, as well as 
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varying stages of development for the North American amphibian species.  Caffeine 

was further investigated in a chronic study, where X. laevis larvae were exposed to 

caffeine for 20 days. 

Most studies investigating toxicity of contaminants to amphibians deal primarily 

with LC50s in relation to larval size; although lethal limits are important, investigating 

physiological parameters, such as heart rate and metabolic rate could provide important 

additional information on how these contaminants affect these processes in amphibian 

larvae.  In vertebrates, the heart is the first organ, and the cardiovascular system is the 

first to function (Burggren and Pinder, 1991), thus making heart rate and circulation 

variables of interest.  The heart of X. laevis starts to beat approximately 48 hours after 

fertilization, blood circulates through the body before heart chambers and valve 

formations are complete (Nieuwkoop and Faber, 1967). 

 Respiratory gas exchange and aerobic metabolism are related and respiration 

rate is often used as an indirect measure of metabolic rate.  Oxygen consumption is 

influenced by many biological, environmental and physiological factors.  Whole animal 

oxygen consumption in X. laevis significantly increases with progressive development 

(Hastings and Burggren, 1995; Territo and Burggren, 1998). 

Triclosan and triclocarban have the potential of accumulating within tissues 

based upon their log octanol-water partition coefficient (log Kow).  A substance is 

considered to have a high bioaccumulation potential when log Kow is  5 (Dimitrov et al., 

2003) and the values for triclosan and triclocarban are 4.8 and 4.9 (Halden and Paull, 

2005). Bioconcentration factors are the ratio between biota and water concentration 

measurements in a laboratory (Wright and Welbourn, 2002) and provide information on 
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the levels of contaminants that enter organisms.  Bioconcentration of triclosan and 

triclocarban were investigated in North American species and in X. laevis throughout 

three devevlopmental stages.  Herkovits et al. (1998) observed an increase in the 

uptake values in later developmental stages of X. laevis that were hypothesized to be 

related to the gradual increase in the external surface of the embryo, the development 

of gills and the possible transport of the contaminant from the surface to inner organs.  

Determining bioconcentration of contaminants is also important because if contaminants 

are not fully metabolized by the aquatic organism, their intermediates may produce 

detrimental effects.  

 

Chapter Definitions 

 In the second chapter, I present data for X. laevis larvae exposed to triclosan and 

triclocarban for 96 hours.  Here, four distinct developmental stages were investigated 

based upon morphological and physiological changes occurring throughout 

development.  Larvae were exposed to triclosan and triclocarban for 96 hours and LC50 

values, heart rates, and metabolic rates were determined at nominal concentrations of 

triclosan or triclocarban.  Individual heart rates were measured by inverting the larvae in 

a low melting point agar.  This allowed the larvae to remain in a stable position to easily 

record the heart rate with an external camera, as well as provide a constant 

temperature.  A metabolic chamber, with an external powerlab and computer setup,was 

devised to determine the change in oxygen content of the water over a period of three 

hours.   
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 In the third chapter, I employ the methods presented in chapter 2 on three North 

American amphibian species, Acris crepitans blanchardii, Bufo woodhousii woodhousii, 

and Rana sphenocephala.  These larvae were exposed to triclosan and triclocarban 

during early developmental stages for 96 hours.  My major objective for this research 

was to determine if differences existed in North American amphibian larval species and 

also to compare larvae at the same developmental stages to determine if they would 

have similar responses to these contaminants. 

In chapter four, I investigated the bioconcentration potential of triclosan and 

triclocarban.  Tissues of all larval species and stages used in chapters 1 and 2 were 

frozen at the end of 96 hour exposures and were used to determine tissue and lipid 

uptake and tissue and lipid bioconcentration factors (BCF) due to exposure to triclosan 

and triclocarban.   

 In the fifth chapter, I investigated acute and chronic effects of a widely consumed 

human stimulant, caffeine, on the development of X. laevis larvae.  For acute 

experimentation, larvae were exposed to nominal concentrations of caffeine at four 

developmental stages.  Heart rates were determined as outlined in chapter 2 and 3.  A 

chronic study was also included to determine the effects of caffeine over a 20-day 

period.  Larvae were exposed to 0, 100, and 1000 ug L-1 of caffeine.  Larvae were fed 

every other day and water was replaced every five days.  Heart rates were determined 

in the same manner as acute exposure.  Larvae were then exposed to a new 

concentration of either 0 or 1000 ug L-1 for two hours, to determine if acute exposure 

altered their heart rates. 
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CHAPTER 2 

 

EFFECTS OF TRICLOSAN AND TRICLOCARBAN ON FOUR DEVELOPMENTAL 

STAGES OF THE AFRICAN CLAWED FROG, Xenopus laevis 

 

Introduction 

Over the past few decades, there has been increasing concern of potential 

adverse ecological effects resulting from the use, production and disposal of numerous 

contaminants that are thought to provide improvements to industry, agriculture, and 

household convenience (Daughton and Ternes, 1999).  Little is known as to the effects 

of these contaminants after their intended uses. Environmentally safe concentrations of 

many contaminants are based on levels determined from organisms that are perceived 

to be most sensitive.  Amphibians are considered to be more sensitive to aquatic 

contaminants than other species because they can absorb chemicals through both their 

gills and permeable skin which lacks relatively impermeable scales of other aquatic 

vertebrates (Boyer and Grue, 1995).  The time during development at which amphibian 

larvae are exposed to contaminants can be crucial for survival (Bridges, 2000).  

Amphibian larvae are known to reduce their activity in the presence of low 

concentrations of various contaminants, including metals, polycholorinated biphenyls, 

ammonia, and nitrates (Bridges and Semlitsch, 2005).  Some contaminant exposure 

may last only a short time, thus it is important to determine acute effects on larval 

development and to determine which developmental stages may be most sensitive to 

exposure.  
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Little is known about the environmental occurrence, transport and fate of many 

organic chemicals after their intended uses.  One of these classes of environmental 

contaminants is antimicrobials, which include triclosan and triclocarban.  Ninety-five 

organic wastewater contaminants were surveyed in 139 streams across 30 states over 

the course of two years (1999-2000) and indicated the presence of organic wastewater 

contaminants in 80% of the streams sampled (Kolpin et al., 2002).  Of the 95 

contaminants surveyed, triclosan was among the top five most frequently detected 

compounds (Kolpin et al., 2002).  It is predicted, via computer modeling and 

experimental data, that triclocarban should have a 60% detection frequency and would 

rank in the top 20 of 95 pharmaceuticals, hormones and organic wastewater 

contaminants if included in the study by Kolpin et al. (Halden and Paull, 2005; Kolpin et 

al, 2002). Both triclosan and triclocarban are not currently regulated by the EPA. 

Triclosan (5-Chloro-2-(2,4-dichlorophenoxy)phenol) is considered an important 

bacteriocide used in a variety of personal care and consumer products such as 

shampoo, soaps, deodorants, toothpaste, and plasticware.  The fate and behavior of 

triclosan in the environment is not fully understood, although photolysis has been 

identified as a major degradation pathway in surface waters (Lindstrom et al., 2002).  

Water quality parameters including pH, light intensity, water depth and water turbulence 

can affect the rate of photolysis (Sabaliunas et al., 2003).  Triclosan has an estimated 

half-life of 60 days in water (Halden and Paull, 2005).  The highest environmental 

concentration of triclosan is 2.3 ug L-1 based on a survey of 139 streams in 30 states, 

where triclosan was detected in 58% of the streams investigated (Kolpin et al., 2002). 
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Triclocarban (N-(4-chlorophenyl)-N’-(3,4-dichlorophenyl)-urea) is toxic to 

vertebrate and invertebrate species (Nolen and Dierckman, 1979) and is persistent in 

the environment for up to 540 days (Gledhill, 1975). For more than 50 years, 

triclocarban has been added to detergents, cosmetics and other personal care products 

(TCC Consortium, 2002), but the fate of triclocarban is virtually unknown after years of 

use and down-the-drain disposal.  Triclocarban has been found in 84% of all 

antimicrobial bar soaps sold in the United States (Perencevich et al., 2001).  

Environmental concentrations of triclocarban have been found as high as 6.75 ug L-1 

(Halden and Paull, 2005).   

 The larval stages of Xenopus laevis were chosen as test organisms for this study 

because they are a widely used developmental model. Four developmental stages were 

used to determine if the toxicity of these contaminants is dependent upon 

developmental stage. 

 Physiological studies should provide a better understanding as to how 

contaminants are toxic to aquatic organisms.  In the presence of adverse environmental 

conditions, aquatic organisms will either try to escape or activate physiological and 

biochemical responses to counteract the stress.  Aquatic organisms can thus display 

large variations in cardiac and metabolic functions to survive adverse environmental 

conditions.     

 The objectives of this study were to determine acute toxicity (96 hour LC50 

values) of triclosan and triclocarban in early and late stages of X. laevis; to determine if 

sensitivity changes as X. laevis larvae mature; and to determine the acute effects of 

triclosan and triclocarban exposure on heart rate and metabolic rate. 
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Materials and Methods 

 Xenopus laevis larvae were obtained from Xenopus Express (Brooksville, FL) 

and were staged according to Nieuwkoop and Faber (1967).  All experiments were 

approved by the University of North Texas IACUC. Four larval stages were investigated 

throughout development; Nieuwkoop and Faber stages 41, 49, 54, and 66.  For LC50 

value determination, larvae were placed into beakers containing 250 mL nominal 

concentrations (ranging from 31 to 750 ug L-1) of either triclosan or triclocarban for 96 

hours. Control beakers containing no contaminants were also included in the study.  

Amphibian larval survival was observed daily and the LC50 concentration was 

determined after the 96-hour exposures using the Trimmed Spearman Karber Method, 

where acceptability of the test results required 90% survival of controls.  Those 

surviving the 96 hours were then used to measure heart rates.  Heart rates were 

measured by inverting the larvae in a low melting point agar (Sea Plaque agarose) 

maintained at 24 degrees Celcius and placing them under a Nikon dissecting 

microscope.  A 30-second clip of the beating ventricle of the heart was recorded with an 

Olympus DP70 camera using ImagePro Plus software.  Heart rate videos were then 

played and the contraction of the ventricle was counted for 30 seconds and multiplied 

by two to obtain a beats per minute (bpm) measurement.  

 After LC50 values were determined, metabolic rate experiments were conducted.  

Concentrations of the contaminants used for metabolic rates were based on the 

calculated LC50 values.  Ten to twelve larvae each were placed into one of three 

concentrations, 0 ug L-1, ½ LC50 concentration, and the LC50 concentration calculated 

over 96 hours.  Following the 96-hour exposure, metabolic rates of the individuals were 
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measured using a closed respirometry system.  Larvae were placed into 50 ml 

Erlenmeyer flasks containing the same experimental concentration of triclosan or 

triclocarban the larvae had been exposed to over the last 96 hours.  The flask had two 

ports, one near the top and the other on the bottom.  One empty 10-ml syringe was 

connected to the port at the top of the flask, while another 10-ml syringe containing the 

experimental concentration was connected at the bottom.  Every 30 minutes, the water 

inside the flask was mixed by pushing two ml of water from the bottom syringe into the 

flask and removing 2-ml of water with the top syringe.  This procedure was done a total 

of four times to ensure the water sample being measured was a representative sample 

of the water within the entire flask, and not just the water at the top of the flask.  After 

mixing, a 2-mL water sample was removed and injected into an oxygen electrode 

(Microelectrodes, Inc.) that was calibrated and connected to a Powerlab system.  The 

Powerlab system gave me a value of the oxygen content of the water sample.  Water 

samples were taken every 30 minutes for 3 hours.  The calculated metabolic rates were 

averaged for each individual.  Weight specific metabolic rates were determined for each 

larva and were compared across concentrations. 

 A one-way analysis of variance (ANOVA) was used to determine if differences 

existed in the mean masses and mean LC50 values of four developmental stages of X. 

laevis larvae.  If a difference in means was found, a Tukey’s posthoc test was used to 

determine which means were different from each other.  A one-way ANOVA was used 

to determine statistical differences in mean heart rates and mean metabolic rates of 

larvae exposed to triclosan and triclocarban concentrations.  If a significant difference 
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was found, a Tukey’s posthoc test was used to determine which means were 

significantly different.  The level of significance for all tests was p<0.05. 

 

Results 

Larval Mass 

 The mass of X. laevis larvae was obtained at each of the four developmental 

stages (Table 2.1).  The mean mass of the larvae significantly increased (p<0.05) as 

developmental time increased.  The mean mass was 11 mg at stage 41, 32 mg at stage 

49, 102 mg at stage 54 and 197 mg at stage 66. 

 

Table 2.1. Mean mass (± SD) of Xenopus laevis at four developmental stages.  Those 
groups having different numbers had mean masses that were significantly different at 
p<0.05.  Mean masses were found to significantly increase through each developmental 
stage. 

 41  
(n=70) 

49  
(n=90) 

54  
(n=70) 

66 
 (n=20) 

 
Mass (mg) 

 
11± 31 

 
32 ± 112 

 
102 ± 653 

 
197 ± 624 

 

 

LC50 Values 

 A significant effect of developmental stage was observed in LC50 values of X. 

laevis larvae exposed to triclosan and triclocarban.  The LC50 value for triclosan at 

stage 41 was 343 ug L-1, stage 49 was 259 ug L-1, stage 54 was 443 ug L-1, and stage 

66 was 664 ug L-1. Larvae exposed to triclosan at stages 41 and 49 had significantly 

lower LC50 values (p<0.05) than that of stage 66 larvae (Figure 2.1A).  Additionally, the 

LC50 for stage 49 larvae were significantly lower (p<0.05) than stage 54 larvae.  LC50 
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values showed a similar trend in response to triclocarban exposure with the earliest 

developmental stages being most sensitive to contaminant exposure.  The LC50 values 

for triclocarban ranged from 36 ug L-1 at stage 41, to 256 ug L-1 at stage 54.  Additional 

triclocarban 96 hour LC50 values were 78 ug L-1 at stage 49 and 224 ug L-1 at stage 66.  

Larvae exposed to triclocarban at stages 41 and 49 had significantly lower LC50 values 

(p<0.05) than stage 54 and 66 larvae (Figure 2.1B).  The lowest LC50 for triclocarban 

was an order of magnitude lower than that for the lowest LC50 value. 

 

Heart Rates 

Developmental stage differences were observed in mean heart rates of larvae 

exposed to both triclosan and triclocarban.  Stage 41 larvae exposed to triclosan 

concentrations of 47, 125, and 187 ug L-1 had significantly higher heart rates than 

controls (p<0.05).  Whereas larvae exposed to the highest experimental concentration 

of 375 ug L-1, had a significantly lower heart rate (p<0.05) relative to the control (Figure 

2.2A).  Mean heart rates of stage 49 larvae were unaffected by low triclosan 

concentrations but a significant increase in heart rate (p<0.05) was observed at the 

highest concentration tested, 375 ug L-1 (Figure 2.2B).  A significant decrease in heart 

rate (p<0.05) was observed in stage 54 larvae at exposure concentrations above 94 ug 

L-1, although no significance difference was found in those larvae exposed to the 

highest concentration of 750 ug L-1 (Figure 2.2C).  Heart rates of stage 66 larvae were 

unaffected at low triclosan concentrations, but a significant increase was observed 

(p<0.05) at both 375 and 500 ug L-1 (Figure 2.2D). 
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Exposure to triclocarban caused an overall decrease in heart rate as 

developmental stage increased.  Stage 41 larvae had significantly lower heart rates 

(p<0.05) at 31, 47, 63 and 125 ug L-1 triclocarban compared to control (Figure 2.3A).  

Heart rates at stage 49 significantly decreased (p<0.05) as exposure concentration 

increased (Figure 2.3B).  Stage 54 larvae showed a decreasing trend as exposure 

concentration increased with significant decreases (p<0.05) from the control group 

observed at 94, 250, and 375 ug L-1 triclocarban (Figure 2.3C).  Stage 66 larvae 

showed a significant increase in heart rate (p<0.05) at low triclocarban exposure 

concentrations of 31, 47, and 63 ug L-1, but heart rates were not significantly different 

from the control at the highest investigated concentrations (Figure 2.3D). 

  

Metabolic Rates 

 Metabolic rate differences were observed throughout development in response to 

triclosan and triclocarban exposure.  A significant decrease (p<0.05) in mean metabolic 

rate was found in stage 49 larvae exposed to ½ the LC50 triclosan concentration and 

triclosan LC50 concentrations (Figure 2.4B).  Larvae exposed to triclosan at stage 41, 

54, and 66 produced no significant changes in metabolic rates across the 

concentrations used (Figure 2.4A, C, D). Triclocarban exposure at stage 41 produced a 

significant increase (p<0.05) at the ½ LC50 concentration of 18 ug L-1 (Figure 2.5A).  

Stage 49 larvae exhibited a significant decrease in metabolic rate (p<0.05) at the ½ 

LC50 concentration of 39 ug L-1 of triclocarban, but larvae were unaffected at the LC50 

concentration of 78 ug L-1 triclocarban (Figure 2.5B).  Stage 54 larvae showed no 

significant differences in metabolic rate and were unable to survive at the expected 
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triclocarban LC50 concentration (Figure 2.5C).  Stage 66 larvae were influenced by the 

½ LC50 concentration of 112 ug L-1 triclocarban, which produced a significant increase 

in metabolic rate (p<0.05).  No differences were observed in larvae exposed to the 

LC50 concentration of 224 ug L-1 triclocarban (Figure 2.5D). 
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Figure 2.1.  Mean LC50 values (± SD) for Xenopus laevis larvae exposed to (A) 
triclosan and (B) triclocarban at four developmental stages.  Those groups having 
different letters are significantly different at p<0.05 (n=4 per stage).  Xenopus laevis 
larvae were most sensitive to triclosan and triclocarban exposure at the two earliest 
developmental stages investigated. 
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Figure 2.2. Mean heart rate (bpm ± SD) for Xenopus laevis larvae at (A) stage 41 (n=4-
22), (B) stage 49 (n=4-20), (C) stage 54 (n=4-20), and (D) stage 66 (n=18-20) exposed 
to nominal triclosan concentrations for 96 hours.  Those groups having different letters 
are significantly different from each other at p<0.05.  Mean heart rates of Xenopus 
laevis were found to vary depending on developmental stage. 
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Figure 2.3. Mean heart rate (bpm ± SD) for Xenopus laevis larvae at (A) stage 41 (n=9-
40), (B) stage 49 (n=3-40), (C) stage 54 (n=15-20), and (D) stage 66 (n=7-20) exposed 
to nominal triclocarban concentrations for 96 hours.  Those groups having different 
letters are significantly different from each other at p<0.05.  Mean heart rates of 
Xenopus laevis decreased as exposure concentration increased. 
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Figure 2.4. Mean metabolic rate (umol g-1 hr-1 ± SD) for Xenopus laevis larvae at (A) 
stage 41 (n=12-18), (B) stage 49 (n=12), (C) stage 54 (n=12-19), and (D) stage 66 
(n=12) exposed to triclosan nominal concentrations for 96 hours.  Those groups having 
different letters are significantly different from each other at p<0.05.  The effect of 
triclocarban on mean metabolic rate was significant only in stage 49 Xenopus laevis. 
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Figure 2.5. Mean metabolic rate (umol g-1 hr-1 ± SD) for Xenopus laevis larvae at (A) 
stage 41(n=12-18), (B) stage 49 (n=11-14), (C) stage 54 (n=7-12), and (D) stage 66 
(n=5-23) exposed to nominal triclocarban concentrations for 96 hours.  Those groups 
having different letters are significantly different from each other at p<0.05.  Mean 
metabolic rates of Xenopus laevis exposed to triclocarban were affected at ½ LC50 
concentration in three of the four developmental stages investigated. 
 

 



35 
 

Discussion 

 Determining safe levels of aquatic contaminants is important because 

contaminants can persist in the aquatic environment at lethal and sublethal 

concentrations.  Amphibian exposure to environmental contaminants may be brief or 

long, depending upon the length of their developmental cycle.  During the larval period, 

amphibian larvae may be at different developmental stages at any given time and 

development may be hindered if exposed to contaminants at a potentially sensitive 

stage.  Thus, it is important to study different developmental stages to determine the 

consequences of acute exposure throughout development.  This study examined the 

individual acute toxicity effects of triclosan and triclocarban on LC50 values, heart rate, 

and metabolic rates of X. laevis larvae.  These results indicate that sensitivity to 

triclosan and triclocarban exposure is dependent upon developmental stage.  

 

LC50 Values 

Triclosan LC50 values calculated for X. laevis ranged from 259 ug L-1 to 664 ug 

L-1 throughout development.  These values are comparable to those found in other 

aquatic species where 96-hour exposure to triclosan has been determined.  Fathead 

minnows (Pimephales promelas) had the lowest measured LC50 at 260 ug L-1, while 

the LC50 for bluegill sunfish (Lepomis macrochirus, 370 ug L-1, Orvos et al., 2002) and 

rainbow trout (Oncorhynchus mykiss, 350 ug L-1, Ciba, 1998) are significantly higher. 

This is the first study to investigate the toxic effects of triclosan and triclocarban 

over the course of amphibian development.  Investigating the toxic effects of 

contaminants throughout development is important for determining which 
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developmental stages are most sensitive.  DeLorenzo et al. (2008) investigated 96-hour 

triclosan exposure in the grass shrimp (Palaemonetes pugio) at three life stages 

(embryos, larvae, and adults).  The larval stage had the lowest 96-hour LC50 value 

(DeLorenzo et al., 2008).  The effects of triclosan on survival of embryos and 24-hour 

old larvae have been investigated in medaka (Oncorhynchus mykiss).  The medaka 

embryos were more sensitive to triclosan exposure, with a 96-hour LC50 of 399 ug L-1, 

compared to the LC50 value of 602 ug L-1 found for the 24-hour old larvae (Ishibashi et 

al., 2004).  With the exception of the 24-hour old medaka larvae, these studies further 

confirm that early developmental larval stages are most sensitive to triclosan exposure.  

It has been suggested that embryos, at least in grass shrimp, have an embryonic “coat” 

that protects them from harmful external conditions (Glas et al., 1997). 

 Xenopus laevis larvae in the current study were most sensitive to triclosan at the 

two earliest developmental stages, with values of 343 ug L-1 at stage 41 and 259 ug L-1 

at stage 49.   These values are approximately half the LC50 values for medaka larvae 

(Ishibashi et al., 2004).  The later developmental stages of X. laevis in this study had 

LC50 values of 443 ug L-1 at stage 54 and 664 ug L-1 at stage 66.  Differences in 

sensitivity to triclosan could be due to the relative size of the larvae.  Larval mass 

increases as development increases was found to affect the total amount of the 

contaminant able to accumulate within the tissues (Table 2.1).   

The sensitivity of X. laevis larvae was also determined with exposure to 

triclocarban.  The LC50 values for triclocarban ranged from 36 to 256 ug L-1.  Larvae 

were again most sensitive at the two earliest developmental stages with LC50 values of 

36 ug L-1 at stage 41 and 78 ug L-1 at stage 49.  Few studies have examined the toxicity 
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of triclocarban to aquatic vertebrates.  When comparing the few studies, the larvae in 

this study were more sensitive to triclocarban exposure than that of other aquatic 

species.  The bluegill, L. macrochirus had a 96-hour LC50 of 80 ug L-1 and O. mykiss 

had a value of 120 ug L-1 (TCC Consortium, 2002).  These values were all measured in 

adult fish. 

 The LC50 values determined in larvae exposed to triclosan and triclocarban are 

comparable to those values found in other aquatic species.  However, these LC50 

values are significantly higher than those values that occur naturally in the environment.  

The lowest triclosan LC50 was 259 ug L-1 compared to the highest environmental 

concentration of 2.3 ug L-1 (Kolpin et al., 2002).  The lowest triclocarban LC50 value 

was 36 ug L-1 compared to the highest determined environmental concentration of 6.75 

ug L-1 (Halden and Paull, 2005). 

 

Heart Rates 

The ability of the heart to maintain performance is an important characteristic that 

enables vertebrates to survive adverse conditions (Driedzic and Gesser 1994).  It has 

been found that heart rate decreases progressively, but slowly throughout larval 

development of X. laevis (Hou and Burggren, 1995).  Heart rates in this study followed 

the same general trend of decreasing with increasing development with control 

organisms having mean heart rates of 117 bpm at stage 41, 96 bpm at stage 49, 85 

bpm at stage 54, and 73 bpm at stage 66. 

 The effects of contaminants on heart rates of amphibians have rarely been 

investigated.  Newly hatched bullfrog (Lithobates catesbeiana) larvae exposed to the 



38 
 

herbicide Roundup Original® (glyphosate 41%) had heart rates of 54 bpm compared to 

the control of 43 bpm (Costa et al., 2008). The increased heart rate of these larvae was 

attributed to a stress-induced catecholamine release.  The sympathetic nervous system 

is known to activate a cardiac-respiratory-metabolic response under stressful 

conditions.  Catecholamines can affect both cardiac function and vascular resistance in 

amphibians (Herman and Sandova, 1983; Kloberg and Fritsche, 2002) and have been 

detected in X. laevis cardiac tissues throughout larval development (Kloberg and 

Fritsche, 2002) including the stages investigated in the present study.  Additionally, 

beginning at stage 40, catecholamine-producing cells are present in the heart and 

increase in number throughout development (Kloberg and Fritsche, 2002).  Exposure to 

triclosan caused a significant increase in mean heart rates of two of the four 

investigated developmental stages (Figure 2.2).  It is possible that the increased heart 

rates of these larvae could also be due to catecholamine release.  Triclocarban 

exposure, however, caused a significant decrease in heart rates at all four 

developmental stages investigated (Figure 2.3).  

Lipophilic compounds such as triclosan and triclocarban can easily cross cell 

membranes.   Metabolism of lipophilic contaminants involves first converting them into 

polar molecules during phase I metabolism of the detoxification process.  The most 

common phase I reaction is oxidation.  Oxidation is catalyzed by cytochrome P450 

enzymes and results in the loss of electrons from the contaminant.  Triclosan has been 

found to act as an inducer of cytochrome P450 in liver microsomes (Kanetoshi et al., 

1992).  In many cases, the products of phase I metabolism are not eliminated and must 

proceed into phase II reactions.  Phase II reactions (conjugation reactions) attach an 
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ionized group to the contaminant, thus making it more water soluble and released from 

the body.  Ionized groups that attach to the contaminant include glucuronic acid, 

sulfonates and amino acids.  Triclosan has been found to be structurally similar to 

inhibitors of phase II enzymes, to act as selective inhibitors, and as a substrate of 

glucuronidases and sulfatases (Wang et al., 2004).  If triclosan inhibits the phase II 

metabolism process, this may result in the contaminant remaining active and increasing 

the duration and intensity of the drug action.  

 

Metabolic Rates 

In amphibians, an overall peak of mass specific metabolism has been found 

during early development followed by a sharp decrease (Sivula et al., 1972; Burggren 

and Just 1992; Hastings and Burggren 1995; Crowder et al., 1998).  Control organisms 

in this study followed this same trend; with peaks in mean metabolic rates occurring at 

stage 49, followed by a decrease as development increased (Figures 2.4 and 2.5). 

Exposure to the LC50 and ½ the LC50 concentration of triclosan caused a 

significant decrease in metabolic rate of stage 49 larvae (Figure 2.4B). However, with 

triclocarban exposure, a significant increase in metabolic rate was found in larvae 

exposed to ½ the LC50 concentration of both stage 41 and stage 66 larvae, while a 

significant decrease was observed in stage 49 larvae exposed to ½ the LC50 

concentration.  Larvae were unable to survive at 256 ug L-1 and intermediate 

concentrations investigated showed no response in metabolic rate.  These results 

indicate that exposure concentration of the contaminant has an affect on the ability of 

the larvae to meet its energy demands.  Increases observed in metabolic rate could be 
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due to the ability of the larvae to survive in the presence of contamiants.  To do this, 

they must increase their assimilated energy levels, while at the same time minimizing 

energy to other physiological processes not vital for short-term survival, including 

growth and digestion.  The larvae exposed to contaminants in this study were able to 

achieve this because they were able to survive in the presence of contaminants. 

Variation exists among other studies that have investigated metabolic rates in 

response to contaminant exposure in aquatic organisms.  Oxygen consumption 

remained unchanged when rainbow trout (Oncorhynchus mykiss) were exposed to 

methylmercury (Rodgers and Beamish, 1981) and when Louisiana crayfish 

(Procambarus clarkia) were exposed to lead (Torreblanca et al., 1987).  Decreases in 

oxygen consumption were observed with exposure to formaldehyde, benzene, phenol, 

copper, and cadmium (Nordtug et al., 1991; Zachariassen et al., 1991; De Boeck et al., 

1995; Devi 1996).  A study on Bufo bufo larvae found that after three hours exposure to 

dairy effluent, oxygen consumption rates decreased from 2.8 ml O2
-1 to 0.42 ml O2

-1 as 

the concentration of dairy effluent increased (Chockalingam and Blaji, 1991).  Metabolic 

rates of Rana catesbeiana larvae raised in coal-ash polluted ponds were 39-175% 

higher than those raised in a non-polluted pond, depending upon their developmental 

stage (Rowe et al., 1998).  Rotenone, a lipophilic naturally occurring compound, has 

been shown to decrease metabolic rate in juvenile rainbow trout when exposed to 

increasing concentrations over 48 hours (Cheng and Farrell, 2007).   

Rotenone, which produced decreasing effects in metabolic rates in rainbow trout 

explained above, is similar to triclosan and triclocarban because they are all lipophilic 

and hydrophobic compounds.  Rotenone absorbs to organic carbons and is a 



41 
 

mitochondrial complex I inhibitor, which decreases the cellular respiration rate in 

mitochondria, and can thus ultimately decrease oxygen removal from the blood by the 

tissues (Perry and Conway, 1977; Niemi et al., 1991; Singer and Ramsay, 1994; Fajt 

and Grizzel, 1998).  The mode of action for triclosan and triclocarban is similar to that of 

rotenone, and could be the cause for decreases in metabolic rate.  Triclosan is fat-

soluble and in bacteria, it easily adsorbs to the lipid portion of the bacterial cell 

membrane (Greenman et al., 1997).  Once inside the bacterial cell, triclosan blocks the 

active site of enoyl-acyl carrier-protein reductase (ENR) preventing the bacteria from 

producing fatty acids it needs for building cell membranes (Rao et al., 2003).  In 

eukaryotic cells, triclosan impairs mitochondrial function (Negrelo Newton et al., 2005), 

is an inducer of cytochrome P450 in liver microsomes (Kanetoshi et al., 1991) and 

interferes with immune function of human cells in vitro (Zuckerbraun et al., 1998).  

Triclosan also has a structure similar to inhibitors of phase II enzymes, which allows it to 

act as a selective inhibitor (Wang et al., 2004).  By inhibiting the phase II metabolism 

process, triclosan can remain active within the organism and increase the duration and 

the intensity of the contaminant. Due to its structural similarity to triclosan, triclocarban 

is predicted to have a similar mode of action.  Any decreases observed in metabolic 

rates could be due to the decreased oxygen available to the tissues in response to 

exposure to these contaminants. 

 

Conclusions 

This study demonstrates that triclosan and triclocarban have toxic effects on 

amphibians throughout larval development.  Xenopus laevis larvae exposed to triclosan 
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and triclocarban were most sensitive to exposure to triclosan and triclocarban at the two 

earliest developmental stages; while larvae were able to survive at higher exposure 

concentrations as they continued to develop.  The toxic concentrations determined in 

this study were an order of magnitude higher than environmental concentrations, but 

physiological sublethal effects were observed in both heart rate and metabolic rate.  

Heart rates of X. laevis larvae were variable with exposure to triclosan, but consistently 

decreased when exposed to triclocarban as developmental stage increased.  Metabolic 

rates of X. laevis larvae exposed to triclosan decreased with exposure to the LC50 and 

½ the LC50 concentration, while triclocarban exposure affected stage 41, 49, and 54 

larvae exposed to ½ the LC50 concentration. 

Maintenance of physiological processes in the presence of environmental 

contaminants is vital for the survival of organisms in this study.  Further investigations of 

triclocarban and triclosan should look at determining why heart rates and metabolic 

rates did not consistently increase (or decrease) in response to exposure to these 

contaminants.  This study indicates the importance of understanding the change in 

sensitivities to contaminants throughout larval development. 

 

References 

Boyer R and CE Grue. 1995. The need for water quality criteria in frogs. Environ Health 

Perspect 103:352-357. 

Bridges CM. 2000. Long-term effects of pesticide exposure at various life stages of the 

southern leopard frog. Arch Environ Contam Toxicol 39:91-96. 



43 
 

Bridges CM and RD Semlitsch. 2005. Xenobiotics. In M Lannoo (ed), Amphibian 

declines: The Conservation Status of United States Species. University of 

California Press, Los Angeles, CA, USA, pp 89-92. 

Burggren WW and JJ Just. 1992. Developmental changes in amphibian physiological 

systems. In: Environmental Physiology of the Amphibia, ME Feder and WW 

Burggren (eds), Chicago, IL: University of Chicago Press, pp 467-530. 

Calow P. 1991. Physiological costs of combating chemical toxicants: ecological 

implications. Comp Biochem Physiol 100C:3-6. 

Cheng WW and AP Farrell. 2007. Acute and sublethal toxicities of rotenone in juvenile 

rainbow trout (Oncorhynchus mykiss): Swimming performance and oxygen 

consumption. Arch Environ Contam Toxicol. 52:388-396. 

Chockalingham S, A Balaji. 1991. Effect of dairy effluent on the rate of oxygen 

consumption and survival of the tadpole larva of Bufo bufo. J Environ Biol 

12:377-379. 

Ciba Specialty Chemicals. 1998. Irgasan  DP 300, Irgacare  MP. Toxicological and 

Ecological Data. Official Registrations. Technical Brochure 2521. Ciba Specialty 

Chemical, Basel, Switzerland. 

Costa MJ, DA Monteiro, AL Oliverira-Neto, FT Rantin, and AL Kalinin. 2008. Oxidative 

stress biomarkers and heart function in bullfrog tadpoles exposed to Roundup 

Original®. Ecotoxicology. 17:153-163. 

Crowder WC, M Nie, and GR Ultsch. 1998. Oxygen uptake in bullfrog tadpoles (Rana 

catesbeiana). J Exp Zool 280:121-134. 



44 
 

Daughton CG and TA Ternes. 1999. Pharmaceuticals and personal care products in the 

environment: agents of subtle change? Environ Health Perspect 107 Suppl 

6:907-938. 

De Boeck G, H De Smet and R Blust. 1995. The effect of sublethal levels of copper on 

oxygen consumption and ammonia excretion in the common carp, Cyprinus 

carpio. Aquat Toxicol 32:127-141. 

DeLorenzo ME, JM Keller, CD Arthur, MC Finnegan, HE Harper, VL Winder, and DL 

Zdankiewicz. 2008. Toxicity of the antimicrobial compound triclosan and 

formation of the metabolite methyl-triclosan in estuarine systems. Environ Toxicol 

23:224-232. 

Devi VU. 1996. Bioaccumulation and metabolic effects of cadmium on marine fouling 

dressinid bivalve, Mytopsis sallei (Recluz). Arch Environ Contam Toxicol 31:47-

53. 

Driedzic WR and H Gesser. 1994. Energy metabolism and contractility in ectothermic 

vertebrate hearts: hypoxia, acidosis, and low temperature. Physiol Rev 71: 221-

258. 

Fajt JR, JM Grizzle. 1998. Blood respirometry changes in common carp exposed to a  

lethal concentration of rotenone. Trans Am Fish Soc 127:512-516. 

Fraker SL and GR Smith. 2004.  Direct and interactive effects of ecologically relevant 

concentrations of organic wastewater contaminants on Rana pipiens tadpoles. 

Environ Toxicol 19:250-256. 

Fraker SL and GR Smith. 2005. Effects of two organic wastewater contaminants on 

Xenopus laevis tadpoles. Appl Herpetol. 2:381-388. 



45 
 

Glas PS, L Courtney, J Rayburn and W Fisher. 1997. Embryonic coat of the grass 

shrimp, Palaemonetes pugio. Biol Bull 192:231-242. 

Gledhill WE. 1975. Biodegradation of 3,4,4’-trichlorocarbanilide, TCC, in sewage and 

activated sludge. Water Res 9:649-654. 

Greenman J, C McKenzie, DGA Nelson. 1997. Effects of triclosan and triclosan 

monophosphate on maximum specific growth rates, biomass and hydrolytic 

enzyme production of Streptococcus sanguis and Capnocytophaga gingivalis in 

continuous culture. J Antimicrobial Chemotherapy  40:659-666. 

Halden RU and DH Paull. 2005. Co-Occurrence of triclocarban and triclosan in U.S. 

water resources. Environ Sci Technol 39:1420-1426. 

Hastings D and WW Burggren. 1995. Developmental changes in oxygen consumption 

regulation in larvae of the South African clawed frog Xenopus laevis. J Exp Biol 

198:2465-2475. 

Herman CA and EJ Sandoval. 1983. Catecholamine effects on blood pressure and 

heart rate in the American Bullfrog, Rana catesbeiana. Gen Comp Endocrinol 

52:142-148. 

Hou P-CL and WW Burggren. 1995. Blood pressures and heart rate during larval 

development in the anuran amphibian Xenopus laevis. Am J Physiol 269:R1120-

R1125. 

Ishibashi H, N Matsumura, M Hirano, M Matsuoka, H Shiratsuchi, Y Ishibashi, Y Takao, 

K Arizono. 2004. Effects on the early life stages and reproduction of medaka 

Oryzias latipes and induction of hepatic vitellogenin. Aquatic Toxicology 67:167-

179. 



46 
 

Kanetoshi A, H Ogawa, E Katsura, H Kaneshima, T Miura. 1992. Acute toxicity, 

percutaneous absorbtion and effects on hepatic mixed function oxidase activities 

of 2,4,4’-trichloro2’-hydroxydiphenyl ether (Irgasan DP300) and its chlorinated 

derivatives. Arch Environ Contam Toxicol 23:91-98. 

Kloberg  AJ and R Fritsche. 2002. Catecholamines are present in larval Xenopus laevis: 

a potential source for cardiac control. J Exp Zool 292:293-303. 

Kolpin DW, ET Furlong, MT Meyer, EM Thurman, SD Zaugg, LB Barber and HT Buxton. 

2002. Pharmaceuticals, hormones, and other organic wastewater contaminants 

in U.S, streams, 1999-2000: A national reconnaissance. Environ Sci Technol 

36:1202-1211. 

Lindstrom A, IJ Buerge, T Poiger, PA Bergqvist, MD Muller and HR Buser. 2002. 

Occurrence and environmental behavior of the bacteriocide triclosan and its 

methyl derivative in surface waters and in wastewater. Environ Sci Technol 36: 

2322-2329. 

Negrelo Newton AP, SM Cadena, ME Merlin Rocha, EG Skare Carnieri, MB Martinelli 

de Oliveira. 2005. Effect of Triclosan (TRN) on energy-linnked functions of rat 

liver mitochondria. 160:49-59. 

Niemi GJ, SP Bradbury, JM McKim. 1991. The use of fish physiological literature for 

predicting fish acute toxicity syndromes. In: Mayes MA, MG Barron (eds), 

Aquatic toxicology and risk assessment. Special technical publication 1124, Vol 

14. ASTM, Philadelphia, PA, pp 245-260. 

Nieuwkoop PD and J Faber. 1967. Normal table of Xenopus laevis. Amsterdam: North-

Holland. 



47 
 

Nolen GA and TA Dierckman. 1979. Reproduction and teratogenic studies of a 2:1 

mixture of 3,4,4’-trichlorocarbanilide and 3-trifluormethyl-4,4’-dichlorocarbanilide 

in rats and rabbits. Toxicol Appl Pharmacol. 51:417-425. 

Nortug T, JF Borseth, A Olsen and KE Zachariassen. 1991. Measures of oxygen 

consumption in Mytilus edulis during exposure to, and recovery from, high 

sublethal concentrations of formaldehyde, benzene, and phenol. Comp Biochem 

Physiol 100C:85-87. 

Orvos DR, DJ Versteeg, J Inauen, M Capdevielle, A Rothenstein and V Cunningham. 

2002. Aquatic toxicity of triclosan. Environ Toxicol Chem 21:1338-1349. 

Perencevich EN, MT Wong and AD Harris. 2001. National and regional assessment of 

the antibacterial soap market: A step toward determining the impact of prevalent 

antibacterial soaps. Am J Infect Control 29:281-283. 

Perry JW, MW Conway. 1977. Rotenone induced blood respirometry changes in the 

green sunfish, Lepomis cyanellus. Comp Biochem Physiol C 56:123-126. 

Rao SPR, A Surolia, N Surolia. 2003. Triclosan:A shot in the arm for antimalarial 

chemotherapy. Mole Cell Biochem 253:55-63. 

Rodgers DW and FWH Beamish. 1981. Uptake of waterborne methylmercury by 

rainbow trout (Salmo gairdneri) in relation to oxygen consumption and 

methylmercury concentration. Can J Fish Aquat Sci 38:1309-1315. 

Rowe CL, OM Kinney, RD Nagle and JD Congdon. 1998. Elevated maintenance costs 

in an anuran (Rana catesbeiana) exposed to a mixture of trace elements during 

the embryonic and early larval periods. Physiol Zool 71: 27-35. 



48 
 

Sabaliunas D, SF Webb, A Hauk, M Jacob and WS Eckhoff. 2003.  Environmental fate 

of triclosan in the River Aire Basin, UK. Water Research 37:3145-3154. 

Singer TP, RR Ramsay. 1994. The reaction sites of rotenone and ubiquinone with 

mitochondrial NADH dehydrogenase. Biochem Biophys Acta 1187:198-202. 

Sivula JC, MC Mix, and DS McKenzie. 1972. Oxygen consumption of Bufo boreas 

boreas tadpoles during various developmental stages of metamorphosis. 

Herpetologica. 28:309-313. 

Smith GR and AA Burgett. 2005. Effects of three organic wastewater contaminants on 

American toad, Bufo americanus, tadpoles. Ecotoxicology 14:477-482. 

TCC Consortium. High production volume (HPV) chemical challenge program data 

availability and screening level assessment for triclocarban, CAS#101-20-2, 

2002;Report no. 201-14186A; http://www.epa.gov/chemrtk/tricloca/c14186cv.pdf;  

Torreblanca A, J Diaz-Mayans, J Del Ramo, and A Nunez. 1987. Oxygen uptake and 

gill morphological alteration in Procambarus clarkia (Girard) after sublethal 

exposure to lead. Comp Biochem Physiol 86C:219-224. 

Wang, LQ, CN Falany, MO James. 2004. Triclosan as a substrate and inhibitor of 3’-

Phospoadenosine 5’-Phosphosulfate-Sulfotransferase and UDP-Glucuronosyl 

Transferase in Human Liver Fractions. Drug Metabolism and Disposition. 

33:1162-1169. 

Zachariassen KE, T Aunaas, JF Borseth, S Einarson, T Nordtug, A Olsen and G 

Skjervo. 1991. Physiological parameters in ecotoxicology. Comp Biochem 

Physiol 100C:77-79. 



49 
 

Zuckerbraun HL, H Babich, RJ May, MC Sinensky. 1998. Triclosan: Cytotoxicity, mode 

of action, and induction of apoptosis in human gingival cells in vitro. Eur J Oral 

Sci 106:628-636. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



50 
 

CHAPTER 3 

 

EFFECTS OF TRICLOSAN AND TRICLOCARBAN EXPOSURE ON EARLY 

DEVELOPMENTAL STAGES OF THREE NORTH AMERICAN SPECIES OF 

AMPHIBIAN LARVAE (Acris crepitans blanchardii, Bufo woodhousii woodhousii, and 

Rana sphenocephala) 

 

Introduction 

There has been increasing concern for potential adverse effects resulting from 

the daily use and disposal of contaminants into the environment. Contaminants have 

caused abnormal physiological processes, reproductive impairment, and decreased 

survival in aquatic organisms (Sharpe and Skakkebaek, 1993; Purdom et al., 1994; 

Harrison et al., 1997; Jobling et al., 1998; Panter et al., 2000).  For many contaminants 

currently in use, the potential effects in aquatic ecosystems are not clearly understood.   

Amphibians are of particular concern because they are declining on a global 

scale (Wake, 1998; Alford and Richards, 1999; Houlahan et al., 2000; Blaustein and 

Kiesecker, 2002).  The presence of contaminants in aquatic environments might hinder 

growth and development of aquatic organisms.  Amphibian declines are the result of a 

number of causes, including habitat destruction, disease, increased ultraviolet-B 

radiation (Blaustein et al., 1994; Zaga et al., 1998).  Some recent studies suggest that 

declines are due to the presence of contaminants (Crawford and Guarino, 1985; 

Andrews and George, 1991, Henschel et al., 1997; Jones et al., 2002; Kolpin et al., 

2002).   
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Amphibians are not usually included in toxicity tests because contaminant 

registration does not require amphibian tests (Cooney, 1995).  However, it is important 

to determine the toxicity of common environmental contaminants to amphibians to 

assess the role contaminants might play in the decline of amphibian populations.  While 

Xenopus laevis (African clawed frog) is often a model system for amphibian studies, 

contaminant sensitivity can vary between species and X. laevis tells us little about the 

effects of contaminants on amphibian species native to North America.  Additionally, the 

presence of contaminants could alter community biodiversity, because many 

amphibians breed within or around agricultural areas that are routinely exposed to 

pesticides and other contaminants. 

For many organic chemicals, little is known about the environmental occurrence, 

transport and fate after their intended uses.  Antimicrobials, including triclosan (5-

Chloro-2-(2,4-dichlorophenoxy)phenol) and triclocarban (N-(4-chlorophenyl)-N’-(3,4-

dichlorophenyl)-urea), are among the most frequently used contaminants.  In a two year 

survey, 95 organic wastewater contaminants were surveyed in 139 streams across 30 

states and organic wastewater contaminants were present in 80% of the streams 

sampled (Kolpin et al., 2002).  Of the 95 contaminants surveyed, triclosan ranked in the 

top five as being one of the most frequently detected compounds (Kolpin et al., 2002).  

It is predicted, via computer modeling and experimental data, that triclocarban has a 

60% detection frequency and would rank in the top 20 of 95 pharmaceuticals, hormones 

and organic wastewater contaminants if included in the study by Kolpin et al. (Halden 

and Paull, 2005; Kolpin et al, 2002).  Both triclosan and triclocarban are not currently 

regulated by the EPA.   
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Triclosan is used in various personal care and consumer products such as 

shampoo, soaps, deodorants, toothpaste, and plasticware.  Because of its high 

antimicrobial effectiveness, the popularity of triclosan in consumer products has 

increased over the last 30 years.  In a survey conducted on contaminants in U.S. 

streams, triclosan concentrations were as high as 2.3 ug L-1 (Kolpin et al., 2002).  

Triclocarban is toxic to vertebrates and invertebrates (Nolen and Dierckman, 

1979) and persists for up to 540 days in the environment (Gledhill, 1975). Since 1957, 

triclocarban has been added to detergents, cosmetics and other personal care products 

(TCC Consortium, 2002), but the fate of triclocarban in the environment is unknown 

after over 50 years of use and down-the-drain disposal.  Triclocarban is found in 84% of 

all antimicrobial bar soaps sold in the United States (Perencevich et al., 2001).  Halden 

and Paull (2005) have found triclocarban concentrations to be as high as 6.75ug L-1.   

 In Chapter 2, it was found that the early developmental stages of X. laevis were 

least tolerant to acute exposure to triclosan and triclocarban.  Thus, early 

developmental stages of North American species were chosen for investigation in this 

study.  The objectives of this study were to determine acute toxicity (LC50 values) of 

triclosan and triclocarban to early developmental stages of three North American 

amphibian species Acris crepitans blanchardii, Bufo woodhousii woodhousii, and Rana 

sphenocephala; to determine if sensitivity is different among species compared at the 

same developmental stage; and to determine the acute effects of triclosan and 

triclocarban exposure on heart and metabolic rates. 
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Materials and Methods 

 Acris crepitans blanchardii (Blanchard’s cricket frog), B. woodhousii woodhousii 

(Woodhouse’s toad) and R. sphenocephala (Southern leopard frog) larvae were 

collected locally in Denton and Tarrant Counties, Texas under Scientific Permit Number 

SPR-0604-389 issued by the Texas Parks and Wildlife Department.  All experiments 

were approved by the University of North Texas IACUC.  Larvae were staged according 

to Gosner (1960).  Triclosan experiments were conducted on stage 22 (A. crepitans 

blanchardii), stage 30 (A. crepitans blanchardii, B. woodhousii woodhousii, and R. 

sphenocephala) and stage 36 (B. woodhousii woodhousii and R. sphenocephala) 

larvae.  Triclocarban experiments were performed only on stage 30 larvae of B. 

woodhousii woodhousii and R. sphenocephala.  For LC50 value determination, larvae 

were placed into beakers containing 250 ml nominal concentrations (ranging from 31 to 

750 ug L-1) of either triclosan or triclocarban for 96 hours. Control beakers containing no 

contaminants were also included in the study.  Larvae were counted daily and the LC50 

concentration was calculated after 96-hour exposures using the Trimmed Spearman 

Karber Method, where acceptability of the test results requires 90% survival of controls.  

Those surviving the 96 hours were then used for heart rate determination.  Heart rates 

were determined by inverting the larvae in a low melting point agar (Sea Plaque 

agarose) maintained at 24 degrees Celcius, and placing them under a Nikon dissecting 

microscope.  A 30-second clip of the beating ventricle of the heart was recorded with an 

Olympus DP70 camera using ImagePro Plus software.  Heart rate videos were then 

played and the contracting ventricle was measured for 30 seconds and was multiplied 

by two to obtain a beats per minute (bpm) measurement.  
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 Based on the calculated LC50 values, 5-14 larvae each were placed into one of 

three concentrations, 0 ug, ½ LC50, and the LC50 concentration for 96 hours.  

Following the 96-hour exposure, metabolic rates of the individuals were determined 

using a closed respirometry system.  Larvae were placed into 50-ml Erlenmeyer flasks 

containing the experimental concentration of triclosan or triclocarban the larvae had 

been exposed to over the last 96 hours.  The flask had two ports, one near the top and 

the other on the bottom.  One empty 10-ml syringe was connected to the port at the top 

of the flask, while another 10-ml syringe containing the experimental concentration was 

connected at the bottom.  Every thirty minutes, the water inside the flask was mixed by 

pushing 2-ml from the bottom syringe into the flask and removing 2- ml of fluid with the 

top syringe.  This procedure was done a total of four times to ensure even oxygen 

distribution prior to mixing.  After mixing, a 2-mL water sample was removed and 

injected into an oxygen electrode system (Microelectrodes, Inc.).  This system was 

calibrated and connected to Powerlab system.  Water samples were taken every 30 

minutes for 3 hours and the calculated metabolic rates were averaged for each 

individual.  Weight specific metabolic rates were determined on each larva and means 

were compared across concentrations. 

 A one-way analysis of variance (ANOVA) was used to determine if differences 

existed in three or more groups of LC50 values.  If a difference was found, a post hoc 

Tukey’s test was used to determine which means were different from each other.  In 

comparing two groups, an independent t-test was used to determine if the two means 

were significantly different from each other.  A one-way ANOVA was also used to 

determine statistical differences in mean heart and metabolic rates.  If a significant 
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difference was found, a post hoc Tukey’s test was used to determine which means were 

significantly different from each other.  The level of significance for all tests was p<0.05.   

 

Results 

Larval Mass 

The mass of North American amphibian larvae was determined at different 

developmental stages.  The mean mass of stage 30 larvae were significantly different 

(p<0.05) between all three species.  The mean mass of B. woodhousii woodhousii 

larvae was significantly lower (p<0.05) than the mean mass of R. sphenocephala (Table 

3.1).  The mean masses of A. creptitans blanchardii, B. woodhousii woodhousii, and R. 

sphenocephala larvae significantly increased (p<0.05) as the developmental stage 

increased (Table 3.1). 

 

Table 3.1. Mean mass (mg ± SD) of three amphibian larval species (Acris crepitans 
blanchardii, Bufo woodhousii woodhousii, and Rana sphenocephala) at different 
developmental stages.  Superscript numbers within Stage 30 and 36 indicate significant 
differences within a stage (p<0.05).  .  Bold values in the same row indicate significant 
differences within a species (p<0.05).  The mean masses of individuals were different 
across both stage and species. 
 

Mass (mg)  Stage 22  
 

Stage 30 
 

Stage 36 
 

Acris crepitans blanchardii 
(n=15) 

 
61 ± 15  

 
150 ± 721  

 
--- 

Bufo woodhousii woodhousii 
(n=56) 

 
--- 

 
17 ± 72 

 
46 ± 111 

Rana sphenocephala 
(n=24-32) 

 
--- 

 
246 ± 1063 

 
472 ± 1182 
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LC50 Values 

A significant effect of species was observed for the LC50 values of both triclosan 

and triclocarban.  The LC50 value of triclosan for A. crepitans blanchardii at stage 22 

was 265 ug L-1 (Table 3.2).  Triclosan LC50 values at stage 30 for A. crepitans 

blanchardii was 367 ug L-1, B. woodhousii woodhousii was 152 ug L-1 and for R. 

sphenocephala 562 ug L-1.  A significant difference (p<0.05) was found between all 

three species compared at stage 30 (Table 3.2).  Larvae at developmental stage 36 

exposed to triclosan were not significantly different from each other and had LC50 

values of 433 ug L-1 for B. woodhousii woodhousii and 476 ug L-1 for R. sphenocephala  

(Table 3.2).  The LC50 value significantly increased (p<0.05) in B. woodhousii 

woodhousii from stage 30 to 36.  Triclocarban LC50 values were determined for two 

species at stage 30.  Bufo woodhousii woodhousii larvae had a significantly lower 

(p<0.05) triclocarban LC50 value of 37 ug L-1 compared to R. sphenocephala larvae 

with an LC50 value of 1036 ug L-1 (Table 3.2).   

 
Table 3.2.  LC50 values (ug L-1, mean ± SD) for three amphibian larval species (Acris 
crepitans blanchardii, Bufo woodhousii woodhousii, and Rana sphenocephala) exposed 
to triclosan and triclocarban concentrations at different developmental stages (n=4).  
Superscript numbers within Stage 30 triclosan exposure indicate significant differences 
(p<0.05).  Bold values in the same row indicate significant differences within a species 
(p<0.05).  Mean LC50 values were dependent upon both stage and species. 
 

 Triclosan (ug L-1)  Triclocarban (ug L-1) 
Species Stage 22 Stage 30 Stage 36  Stage 30 

Acris crepitans 
blanchardii 

 
265 ± 50 367 ± 311 ---  --- 

Bufo woodhousii 
woodhousii 

 
--- 152 ± 32 433 ± 40  37 ± 21 

Rana sphenocephala --- 562 ± 383 476 ± 80  1036 ± 1332 
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Heart Rates 

 Mean heart rates of A. crepitans blanchardii at stage 22 showed no significant 

differences when exposed to increasing concentrations of triclosan (Figure 3.1).  No 

significant differences were found between the stage 30 control A. crepitans blanchardii 

larvae and increasing triclosan concentrations, but a significant decrease (p<0.05) was 

found in larvae exposed to concentrations of 47, 63, 94 and 188 ug L-1 when compared 

to 250 ug L-1 triclosan (Figure 3.2A).  Heart rates of stage 30 B. woodhousii woodhousii 

larvae significantly increased (p<0.05) in larvae exposed to triclosan concentrations of 

47, 63, 94 and 125 ug L-1 compared to the control (Figure 3.2B).   Additionally, the three 

highest triclosan exposure concentrations of 63, 94, and 125 ug L-1 had significantly 

higher heart rates than the two lowest exposure concentrations of 31 and 47 ug L-1 

(Figure 3.2B).  Significant increases (p<0.05) in heart rates were observed in stage 30 

R. sphenocephala larvae exposed to 47, 63, and 94 ug L-1 triclosan relative to the 

control larvae (Figure 3.2C), while exposure to higher concentrations showed no 

significant differences.  Stage 36 B. woodhousii woodhousii larvae had significantly 

lower (p<0.05) heart rates in all triclosan exposure concentrations ranging from 31 to 

375 ug L-1 relative to the control larvae (Figure 3.3A).  Rana sphenocephala larvae at 

stage 36 exposed to triclosan concentrations of 125, 250, 375, 500, and 750 ug L-1 had 

significantly lower (p<0.05) heart rates than those of control larvae (Figure 3.3B). 

 Triclocarban exposure showed similar decreases in heart rates with significant 

decreases found in larvae exposed to the highest experimental concentrations.  Stage 

30 B. woodhousii woodhousii larvae exposed for four hours to triclocarban showed 

significant decreases (p<0.05) in heart rates at all experimental concentrations 
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investigated relative to control larvae (Figure 3.4A).  A significant decrease (p<0.05) 

was observed in heart rates of R. sphenocephala larvae exposed to increasing 

triclocarban concentrations (ranging from 31 to 94 ug L-1 and 250 to 2000 ug L-1) as 

compared to control larvae (Figure 3.4B).   
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Figure 3.1. Mean heart rate (bpm ± SD) for stage 22 Acris crepitans blanchardii (n=2-
11) larvae exposed to triclosan concentrations for 96 hours.  Those groups having 
different letters are significantly different from each other at p<0.05.  No significant 
differences were found. 
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Figure 3.2. Mean heart rate (bpm ± SD) for stage 30 larvae of (A) Acris crepitans 
blanchardii (n=8-15), (B) Bufo woodhousii woodhousii (n=37-40) and (C) Rana 
sphenocephala (n=16-20) exposed to triclosan concentrations for 96 hours.  Those 
groups having different letters are significantly different from each other at p<0.05.  
Mean heart rates of stage 30 larvae exposed to triclosan were found to be variable 
among species. 
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Figure 3.3. Mean heart rate (bpm ± SD) for stage 36 larvae of (A) Bufo woodhousii 
woodhousii (n=6-15) and (B) Rana sphenocephala (n=3-15) exposed to triclosan 
concentrations for 96 hours.  Those groups having different letters are significantly 
different from each other at p<0.05.  Mean heart rates of stage 36 larvae exposed to 
triclosan decreased with increasing exposure concentration. 
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Figure 3.4. Mean heart rate (bpm ± SD) for stage 30 larvae of (A) Bufo woodhousii 
woodhousii (n=5-10) exposed to triclocarban for four hours and (B) Rana 
sphenocephala (n=2-20) exposed to triclocarban for 96 hours.  Those groups having 
different letters are significantly different from each other at p<0.05.  Mean heart rates of 
stage 30 larvae exposed to triclocarban decreased as exposure concentration 
increased. 
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Metabolic Rates 

 Metabolic rates were determined in stage 30 larvae of all three North American 

species exposed to triclosan.  No significant differences were found in either A. 

crepitans blanchardii or B. woodhousii woodhousii larvae exposed to ½ LC50 and the 

LC50 triclosan concentration (Figure 3.5A, B).  However, a significant decrease 

(p<0.05) was observed in R. sphenocephala larvae exposed to the LC50 triclosan 

concentration of 561 ug L-1 (Figure 3.5C).  No significant differences were found in 

either B. woodhousii woodhousii or R. sphenocephala larvae exposed to ½ LC50 and 

the LC50 triclocarban concentration (Figure 3.6A, B). 
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Figure 3.5. Mean metabolic rate (umol g-1 hr-1 ± SD) for stage 30 larvae of (A) Acris 
crepitans blanchardii (n=5-12), (B) Bufo woodhousii woodhousii (n=12-14) and (C) Rana 
sphenocephala (n=12-13) exposed to triclosan concentrations for 96 hours.  Those 
groups having different letters are significantly different from each other at p<0.05.  
Mean metabolic rates of stage 30 larvae exposed to triclosan was dependent upon 
species. 
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Figure 3.6. Mean metabolic rate (umol g-1 hr-1 ± SD) for stage 30 larvae of (A) Bufo 
woodhousii woodhousii (n=13-14) and (B) Rana sphenocephala (n=10-13) exposed to 
triclosan concentrations for 96 hours.  Those groups having different letters are 
significantly different from each other at p<0.05.  No significant differences were found. 
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Discussion 

 Most amphibians live and breed in aquatic environments and thus can be 

exposed to aquatic contaminants.  Triclosan and triclocarban are used daily by humans 

and because of the daily introduction to the environment, it is important to determine the 

toxic effects these contaminants have on developing amphibians.  This study was 

undertaken to determine if North American larval species would respond similarly to X. 

laevis larvae investigated in Chapter 2.  While X. laevis is an important developmental 

amphibian model, North American larval species are most likely to be exposed to these 

contaminants in the environment.  In addition, North American amphibian larvae are 

most susceptible to amphibian population declines.  This study examined the individual 

acute toxicity effects of triclosan and triclocarban on the LC50 values, heart rate, and 

metabolic rates of three North American species of amphibian larvae.  The results 

indicate that the responses to triclosan and triclocarban exposure is species dependent.  

 

LC50 Values 

 Triclosan LC50 values were determined in early developmental stages of 

amphibian larvae.  Triclosan LC50 values for A. crepitans blanchardii were 265 ug L-1 at 

stage 22 and increased to 367 ug L-1 at stage 30.  LC50 values for B. woodhousii 

woodhousii exposed to triclosan were 152 ug L-1 at stage 30 and increased to 433 ug L-

1 at stage 36. Rana sphenocephala larvae had triclosan LC50 values of 562 ug L-1 and 

decreased to 476 ug L-1 at stage 36.  The calculated LC50 values are comparable to 

other aquatic species that were exposed to triclosan for 96 hours.  In an earlier study, 

see Chapter 2, X. laevis larvae had triclosan LC50 values ranging from 259 ug L-1 
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during an early developmental stage comparable to Gosner stage 30 and increasing to 

664 ug L-1 at the latest developmental stage investigated. Triclosan LC50 values for 

other aquatic species include fathead minnows (Pimephales promelas) 260 ug L-1, 

bluegill sunfish (Lepomis macrochirus) 370 ug L-1 (Orvos et al., 2002) and rainbow trout 

(Oncorhynchus mykiss) 350 ug L-1 (Ciba, 1998). 

Investigating toxic effects of contaminants throughout development is important 

in determining a sensitive developmental stage.  Two of the three North American 

species investigated in this study, were most sensitive to triclosan exposure at the 

earliest developmental stage investigated.  Acris crepitans blanchardii had triclosan 

LC50 value of 265 ug L-1 at stage 22 compared to 367 ug L-1 at stage 30; B. woodhousii 

woodhousii larvae had triclosan LC50 values of 152 ug L-1 at stage 30 compared to 433 

ug L-1 at stage 36. Early developmental sensitivity was also found in X. laevis larvae 

(Chapter 2) with the two earliest developmental stages investigated having the lowest 

triclosan LC50 values.  DeLorenzo et al. (2008) determined the larval stage of the grass 

shrimp (Palaemonetes pugio) was most sensitive to triclosan 96 hour exposure, 

compared to embryos and adults.  However, embryos of medaka (Oryzias latipes) were 

more sensitive to triclosan exposure with a 96-hour LC50 of 399 ug L-1, compared to 24 

hour old larvae with a 96 hour LC50 of 602 ug L-1 (Ishibashi et al., 2004).  These studies 

further confirm that the early developmental larval stages are the most sensitive to 

triclosan exposure. 

The effect of triclocarban on amphibian larvae was species dependent.  Bufo 

woodhousii woodhousii in this study were less tolerant to triclocarban, with a 

triclocarban LC50 value of 37 ug L-1, than that of R. sphenocephala whose LC50 value 
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was 30x at 1036 ug L-1.  Rana sphenocephala were most tolerant to triclocarban than 

that of other aquatic species; where X. laevis, at a comparable developmental stage, 

had a 96 hour LC50 value of 78 ug L-1 (see Chapter 2) adult L. macrochirus had a 96 

hour LC50 of 80 ug L-1 and O. mykiss had a value of 120 ug L-1 (TCC Consortium, 

2002). 

This is one of the only studies to examine the toxic effects of triclosan and 

triclocarban exposure on North American larvae.  Rana pipiens larvae exposed to 230 

ug L-1 triclosan for 24 days, were found to be less active than controls, had a slowed 

startle response, and had a lower survivorship rate (Fraker and Smith, 2004).  Bufo 

americanus larvae exposed to the highest known environmental concentration of 2.3 ug 

L-1 for 14 days had a higher mortality rate compared to the control larvae (Smith and 

Burgett, 2005).  These studies further confirm that North American species are sensitive 

to triclosan exposure and it is expected that exposure to triclocarban would produce 

similar findings. 

The difference seen in sensitivity to triclosan and triclocarban could be due to the 

size of the larvae.  Development is often characterized by an increase in body mass, 

which can put an additional stress on the transport of oxygen and nutrients to the 

tissues (Pelster et al., 1999).  Larval mass increased as developmental stage increased 

(Table 3.1) and could thus affect the total amount of triclosan and triclocarban that are 

able to enter the body.  Rana sphenocephala larvae exposed to triclosan, however, 

were more sensitive as development increased having an LC50 value of 476 ug L-1 at 

stage 36 compared to 562 ug L-1 at stage 30, although these results were not 

significant.  The triclocarban LC50 results in the current study are based upon 
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investigation of only one developmental stage.  There was a distinct species specific 

difference between the two North American species investigated.  Bufo woodhousii 

woodhousii larvae in this study had the lowest triclocarban LC50 of any vertebrate 

species found in the literature with a triclocarban LC50 value of only 37 ug L-1.  The B. 

woodhousii woodhousii larvae had a significantly (p<0.001) smaller mass than that of 

the R. sphenocephala larvae. The amount of triclocarban that bioconcentrated in the 

tissues (see Chapter 4) is predicted to be different based upon the differences in the 

size of these larvae.  The B. woodhousii woodhousii larvae have a larger surface area 

to volume ratio than the R. sphenocephala larvae.  By putting the two species in the 

same volume of the contaminant, the smaller B. woodhousii woodhousii larvae will take 

up more of the contaminant than the larger R. sphenocephala larvae. 

Although the North American species investigated in this study were sensitive to 

triclosan and triclocarban exposure, the LC50 values determined here are much higher 

than the current environmental values of these contaminants.  The lowest triclosan 

LC50 was 152 ug L-1 compared to the highest environmental concentration of 2.3 ug L-1 

(Kolpin et al., 2002).  In contrast, the lowest triclocarban concentration was 37 ug L-1 

which is closer to the highest determined environmental concentration of 6.75 ug L-1 

(Halden and Paull, 2005).  Regardless, long-term sub-lethal effects could impact 

populations. 

 

Heart Rates 

 The heart plays an important role in vertebrates by maintaining performance in 

the face of adverse environmental conditions (Driedzic and Gesser, 1994).  Xenopus 
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laevis larvae investigated in the presence of no contaminants have heart rates that 

decrease progressively throughout larval development (Hou and Burggren, 1995).  For 

the North American larval species investigated in the current study, two species 

followed a similar trend as X. laevis, with decreases in heart rate observed in B. 

woodhousii woodhousii (105 to 102 bpm from stage 30 to stage 36)  and in R. 

sphenocephala (93 to 82 bpm from stage 30 to stage 36).  Heart rates of Acris crepitans 

blanchardii increased in control organisms (75 to 90 bpm from stage 22 to stage 30) as 

developmental stage increased. 

The effects of contaminants on heart rates have been investigated in only a few 

species of larvae.  Bullfrog (Lithobates catesbeiana) larvae exposed to a widely used 

herbicide Roundup Original® (glyphosate 41%) had increased heart rates (54 bpm) 

compared to the control (43 bpm) (Costa et al., 2008).  The increase in heart rate was 

attributed to a stress induced catecholamine release.  Catecholamines have an affect 

both cardiac function and vascular resistance in amphibians (Herman and Sandova, 

1983; Kloberg and Fritsche, 2002) and have been detected in X. laevis cardiac tissues 

throughout larval development (Klober and Fritsche, 2002).   

In the current study, the addition of triclosan caused mixed results and depended 

upon the species investigated.  Triclosan exposure caused had no significant effects on 

heart rates relative to the control in both stages of A. crepitans blanchardii investigated.  

Stage 30 B. woodhousii woodhousii larvae investigated had a significant increase in 

heart rate as triclosan concentration increased, but stage 36 larvae had a significant 

decrease in heart rate with exposure to triclosan.  Stage 30 R. sphenocephala larvae 

exposed to triclosan had an initial significant increase in heart rates relative to the 
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control, while the stage 36 larvae showed a significant decrease in heart rate as 

triclosan exposure concentration increased.  It is possible that decreases observed in 

heart rate due to contaminant exposure could be related to changes occurring within the 

cells of the heart while the amphibian is developing.  A decrease in heart rate, 

especially in the larval heart, may be due to oxygen deficiency on cardiac myocytes 

(Pelster, 1999).  However, any variation of heart rate could be due to multiple factors, 

including changes in the sympathetic or parasympathetic tone on the heart.    

Triclocarban exposure showed similar responses between the stage 30 larvae of 

B. woodhousii woodhousii and R. sphenocephala larvae investigated.  A significant 

decrease in heart rate was observed in both species exposed to increasing triclocarban 

concentrations. The B. woodhousii woodhousii species were not able to survive 

concentrations exceeding 47 ug L-1 triclocarban for more than 4 hours, so the results 

presented are from an acute response of 4 hour exposure.  This species is particularly 

sensitive to triclocarban compared to the R. sphenocephala species investigated who 

were able to tolerate triclocarban concentrations exceeding 2000 ug L-1.  

  

Metabolic Rates 

Contaminants can bring about stress to organisms.  This stress can lead to 

internal changes, including effects on oxygen availability.  Studies have found that 

oxygen consumption remained unchanged when exposed to methylmercury (Rodgers 

and Beamish 1981) and lead (Torreblanca et al., 1987) or decreases with exposure to 

formaldehyde, benzene, phenol, copper, and cadmium (Nordtug et al., 1991; 

Zachariassen et al., 1991; De Boeck et al., 1995; Devi 1996).  Stage 30 R. 
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sphenocephala larvae exposed to triclosan for 96 hours were the only species in the 

current study to have any effects on metabolic rates due to triclosan exposure.  The 

metabolic rates of these larvae significantly decreased when exposed to the LC50 

concentration of 561 ug L-1.  Exposure to triclocarban for 96 hours showed no significant 

differences in either species investigated in this study. 

A study on Bufo bufo larvae found that after three hours exposure to dairy 

effluent had oxygen consumption rates that decreased from 2.8 ml O2
-1 to 0.42 ml O2

-1 

as the concentration of dairy effluent increased (Chockalingam and Blaji, 1991), while 

metabolic rates of larvae raised in coal-ash polluted ponds were 39-175% higher than 

those raised in a non-polluted pond, depending upon their developmental stage (Rowe 

et al., 1998).  Rotenone, a lipophillic, naturally occurring pesticide has been shown to 

decrease metabolic rate in juvenile rainbow trout when exposed to increasing 

concentrations over 48 hours (Cheng and Farrell, 2007).  Rotenone, triclosan and 

triclocarban are all lipophilic contaminants that have a similar mode of action, which can 

decrease oxygen removal from the blood (see Chapter 2).  Decreases observed in 

metabolic rate of larvae exposed to triclosan and triclocarban could be due to the 

decreased oxygen available to the tissues because of the predicted mode of action of 

these contaminants. 

 

Conclusions 

 This study demonstrates that the toxic effects imposed on larval amphibians are 

dependent upon species.  Bufo woodhousii woodhousii was the most sensitive out of all 

the North American species investigated in this study.  Additionally, the earliest 
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developmental stages were most sensitive to triclosan and triclocarban exposure.  Toxic 

concentrations determined in this study were lower than current environmental 

concentrations; however, sublethal effects of these contaminants were present in both 

measured heart rates and metabolic rates.  Heart rates were variable with exposure 

concentration in all North American species, but decreased with triclocarban exposure.  

Metabolic rates determined with exposure to triclosan and triclocarban were only 

significant in R. sphenocephala larvae exposed to the triclosan LC50 value.   

Further investigation of triclosan and triclocarban should look differences in other 

larval amphibian species, which may help describe the variation seen in species of this 

study.  If these contaminants continue to be used on a daily basis, it is likely that the 

concentrations in the environment will increase.  This could potentially cause 

detrimental effects on any aquatic organism in their presence.  This study further 

indicates the importance of studying contaminants, especially in the light of amphibian 

population declines. 
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CHAPTER 4 

 

BIOCONCENTRATION OF TRICLOSAN AND TRICLOCARBAN IN THREE SPECIES 

OF AMPHIBIAN LARVAE (Bufo woodhousii woodhousii, Rana sphenocephala, and 

Xenopus laevis) 

 

Introduction 

Amphibian populations are declining worldwide in part due to the presence of 

environmental contaminants (Simms, 1969; Baringa, 1990; Herkovits et al., 1996) and 

(as observed in Chapters 2 and 3) many amphibians are most sensitive to contaminants 

during their earliest developmental stages (Herkovits and Perez-Coll, 1990, 1993).  The 

importance exists in determining toxic levels of contaminants, using amphibian larvae 

as models, because contaminant exposure is considered to be one of many factors 

responsible for amphibian population declines (Crawford and Guarino, 1985; Andrews 

and George, 1991, Henschel et al., 1997; Jones et al., 2002; Kolpin et al., 2002).  In 

particular, antimicrobials, specifically triclosan and triclocarban, are one class of 

environmental contaminants of which toxic effects on amphibians are unknown.  A two-

year survey (1999-2000) was conducted and 95 organic wastewater contaminants were 

investigated in 139 streams across 30 states.  The presence of organic wastewater 

contaminants was determined in 80% of the streams sampled (Kolpin et al., 2002).  Of 

the 95 contaminants surveyed, triclosan was among the top 5 most frequently detected 

compounds (Kolpin et al., 2002).  It is predicted that triclocarban has a 60% detection 

frequency and would rank in the top 20 of 95 pharmaceuticals, hormones and organic 
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wastewater contaminants if included in the study by Kolpin et al. (Halden and Paull, 

2005; Kolpin et al, 2002). Both triclosan and triclocarban are not currently regulated by 

the EPA. 

Triclosan (5-Chloro-2-(2,4-dichlorophenoxy)phenol) is an important bacteriocide 

used in numerous personal care and consumer products including shampoo, soaps, 

deodorants, toothpaste, and plasticware.  After its release into the environment, it is not 

fully understood what happens to triclosan, although photolysis is predicted to be a 

major degradation pathway in surface waters (Lindstrom et al., 2002).  The rate of 

photolysis depends upon water pH, light intensity, water depth and water turbulence 

(Sabaliunas et al., 2003).  In a two-year survey conducted in the United States, 139 

streams in 30 states, the frequency of detection of triclosan was 58%, with the highest 

environmental concentration being 2.3 ug L-1 (Kolpin et al., 2002).  The half-life of 

triclosan is approximately 60 days in water (Halden and Paull, 2005).  Triclosan is a 

relatively stable lipophilic compound and is expected to bioaccumulate in aquatic 

organisms on the basis of its log Kow of 4.8 (Halden and Paull, 2005). 

The antimicrobial triclocarban (N-(4-chlorophenyl)-N’-(3,4-dichlorophenyl)-urea) 

is toxic to vertebrates and invertebrates (Nolen and Dierckman, 1979), persistent 

(Gledhill, 1975) and potentially bioaccumulative with a log Kow of 4.9 (Dimitrov et al., 

2003; Halden and Paull, 2005).  Detergents, cosmetics and other personal care 

products have included triclocarban since 1957 (TCC Consortium, 2002), but the fate of 

triclocarban is unknown after down-the-drain disposal.  Eighty-four percent of all 

antimicrobial bar soaps sold in the United States contain triclocarban (Perencevich et 

al., 2001).  Because these contaminants have the potential of accumulating within 
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tissues, it is important to determine the accumulation of these contaminants and to see 

if it is influenced by the developmental stage of amphibian larvae. 

Bioaccumulation rates of triclosan and triclocarban have rarely been investigated 

(Coogan et al., 2007, 2008).  The bioaccumulation potential is based on the log octanol-

water partition coefficient (log Kow).  A substance is considered to have a high 

bioaccumulation potential when log Kow is  5 (Dimitrov et al., 2003).  The log Kow values 

for triclosan is 4.8 and 4.9 for triclocarban (Halden and Paull, 2005).   

There has been an increased confusion between definitions of the terms 

bioconcentration and bioaccumulation, and their resulting bioconcentration and 

bioaccumulation factors (BCF’s and BAF’s).  Bioconcentration factors, which are 

determined in a laboratory setting, have been best defined as a ratio between biota and 

water concentration measurements, while BAF consists of the same ratio, but in 

response to field measurements of contaminants (Wright and Welbourn, 2002).  The 

term bioconcentration will be used for the purpose of this study. 

The role amphibian larvae have in transporting environmental contaminants into 

their tissues has rarely been investigated.  Amphibians are of particular concern 

because both their permeable skin and eggs can be exposed to contaminants present 

in the water.  Studies of cadmium exposure found that uptake increases as 

development increases in X. laevis (Herkovits et al., 1998).  Unrine et al. (2007) 

investigated concentration of trace elements in Rana catesbeiana larvae, among other 

species (Tramea sp., Erythemis sp., Heliosoma trivolvis, Corbicula fluminea, 

Micropterus salmoides, Lepomis punctatus, and Gambusia holbrooki.) They found R. 

catesbeiana larvae accumulated the highest concentration of trace elements.  Frogs 
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and salamanders have also been found to accumulate high concentrations of organic 

contaminants and metalloids (Sparling 2000; Hopkins et al., 2006; Roe et al., 2006).  

Thus, amphibians have the potential to accumulate contaminants and should be 

investigated further. 

The objectives of this study were to determine and compare tissue and lipid 

uptake values and tissue and lipid bioconcentration factors (BCF) of triclosan and 

triclocarban in three larval amphibian species Bufo woodhousii woodhousii, Rana 

sphenocephala, and X. laevis. 

 

Materials and Methods 

Bufo woodhousii woodhousii and R. sphenocephala larvae were collected locally 

in Denton and Tarrant Counties, Texas under Scientific Permit Number SPR-0604-389 

issued by the Texas Parks and Wildlife Department.  Xenopus laevis larvae were 

obtained from Xenopus Express (Brooksville, FL) and were staged according to 

Nieuwkoop and Faber (1967).  All experiments were approved by the University of 

North Texas IACUC.  North American amphibian larvae were investigated at 

developmental stage 30 (according to Gosner, 1960), while X. laevis larvae were 

investigated at three developmental stages: 49, 54, and 66.  Larvae were exposed to 

nominal concentrations of triclosan and triclocarban (0, 31, 94, 250, and 500 ug L-1) for 

up to 96 hours.  After 96 hours, or upon death of the larvae, the larvae were placed in 

foil and stored at -20 degrees Celcius until analyses of the tissues could be performed.   

Whole tissue samples were used to determine bioconcentration tissue and lipid 

uptake and tissue and lipid BCF values.  The tissues were thawed, weighed and 
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approximately 20-100 mg of whole body tissue was placed into 2 ml disposable 

polypropylene tubes (Bio-spec Products, Bartlesville, OK).  One ml of 50:50 hexane: 

ethyl acetate, 10ul of 5ug ml-1 (in MeOH) of 13TCS and 13CMeTCS (Wellington 

Laboratories, Guelph, Ontario, Canada) was added to the triclosan samples and 10ul of 

1ug ml-1 (in MeOH) of d7TCC (Wellington Laboratories, Guelph, Ontario, Canada) was 

added to the triclocarban samples.  Glass beads sized 1 and 2.5 mm (Bio-Spec 

Products, Bartlesville, OK) were added to the tubes and tissues were homogenized for 

3 minutes.  The contents of the tubes were filtered into 4 ml glass vials with 

polytetrafluroethylene (PTFE) lids (Fisher Scientific, Pittsburgh, PA) and fluid was 

extracted through 0.45 um PTFE membrane filters (Fisher Scientific, Pittsburgh, PA) 

with two to three washes of hexane: ethyl acetate.  The samples were evaporated to 

dryness under nitrogen.  Once the sample was dried, 500 ul of hexane:ethyl acetate 

was added back into the vial, the sample was vortexed and the fluid was transferred into 

a preweighed 2 ml GC vial (Alltech, Deerfield, IL) and was again evaporated to dryness 

and the vial was again weighed for gravimetric determination of the lipid.  The sample 

was reconstituted with 100ul of Methylene Chloride for analyzing triclosan and methyl-

triclosan or for triclocarban analysis, the samples reconstituted with 100 ul acetonitrile.  

All samples were then placed into a glass insert (Alltech, Deerfield, IL) and stored for 

analysis. 

To analyze the triclosan samples, quantification was performed using Isotope 

Dilution Gas Chromatography/Mass Spectrophotometry (IS-GC/MS) under Selected Ion 

Monitoring (SIM).  Triclocarban samples were analyzed by Isotopic Dilution (ID) 
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Electrospray Liquid Chromatography/Mass spectrometry (EC-LC/MS) under negative 

ion Multiple Reaction Monitoring (MRM) mode. 

From the results of the IS-GC/MS for triclosan and the EC-LC/MS for 

triclocarban, total body burden, lipid body burden, tissue BCF and lipid BCF were 

determined by the following equations. 

Tissue uptake (body burden) ng g-1  

= GC/MS or LC/MS calculated value(x 100 x *) / Mass of tissue (g) / 1000 

(*multiply by another dilution factor if samples were diluted by more than the 

initial 100 ul) 

Tissue BCF  

= Tissue body burden / nominal concentration  

Lipid uptake (lipid body burden) ng g-1  

= GC/MS or LC/MS calculated value(x 100 x *) / Mass of lipid (g) / 1000 

(*multiply by another dilution factor if samples were diluted by more than the 

initial 100 ul) 

Lipid BCF  

= Lipid body burden / nominal concentration  

 

Statistical Analyses 

 A One-way Analysis of variance (ANOVA) on log transformed data was used to 

determine if a significant difference existed within the four exposure concentrations of 

each species and to determine differences between stage and species at 250 ug L-1 

triclosan and triclocarban.  If a significant difference existed, a Tukeys test was used to 
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determine which means were significantly different from each other.  For the stage 66 X. 

laevis larvae exposed to triclosan and stage 49 larvae exposed to triclocarban, only two 

concentrations were investigated.  For those two groups, an independent t-test was 

used to determine if a difference existed between values obtained at 250 and 500 ug L-1 

triclosan.  The level of significance for all tests was p<0.05. 

  

Results 

 The uptake of triclosan and triclocarban was determined for three developmental 

stages of X. laevis and at stage 30 of both B. woodhousii woodhoussii and R. 

sphenocephala.   Stage and species differences were also determined at 250 ug L-1 

triclosan and triclocarban.  Tissue uptake, lipid uptake, tissue bioconcentration factor 

(BCF), and lipid BCF were determined at four nominal concentrations of triclosan and 

triclocarban. 

 

Triclosan 

The range of tissue uptake for triclosan at stage 49 in X. laevis was 2600-

270,000 ng g-1 depending on the exposure level.  Tissue uptake of triclosan was 

significantly higher (p<0.05) in stage 49 X. laevis larvae exposed to 500 ug L-1 than at 

the three lower concentrations investigated.  Stage 49 X. laevis tissue uptake was also 

significantly lower (p<0.05) at 31 ug L-1 than at both 94 and 250 ug L-1 triclosan (Figure 

4.1A).  Tissue uptake of triclosan at stage 54 ranged from 200-3800 ng g-1.  Stage 54 X. 

laevis tissue uptake was significantly higher (p<0.05) at 500 ug L-1 compared to values 

at 94 ug L-1 triclosan.  Triclosan tissue uptake for stage 66 X. laevis ranged from 
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11,500-57,000 ng g-1.  Stage 66 X. laevis larvae were significantly different (p<0.05) 

between 250 and 500 ug L-1 (Figure 4.1A).  Bufo woodhousii woodhousii larvae had 

triclosan tissue uptake ranging from 7600-370,000 ng g-1.  Tissue uptake was 

significantly higher (p<0.05) in B. woodhousii woodhousii larvae at 500 ug L-1 than the 

three lower triclosan concentrations (Figure 4.1A).  Bufo woodhousii woodhousii larvae 

exposed to 31 ug L-1 triclosan were also significantly different (p<0.05) from larvae 

exposed to 94 and 250 ug L-1 and significance (p<0.05) was found between 94 and 250 

ug L-1 triclosan (Figure 4.1A).  Triclosan tissue uptake for R. sphenocephala ranged 

from 3700-88,000 ng g-1.  Rana sphenocephala larvae had tissue uptake that was 

significantly higher (p<0.05) at 500 ug L-1 than values at 31 and 94 ug L-1 (Figure 4.1A).  

Additionally, R. sphenocephala triclosan tissue uptake was significantly lower at 31 ug 

L-1 than values obtained at 94 and 250 ug L-1.  

Triclosan tissue uptake was also compared across species and stage of X. laevis 

at 250 ug L-1 triclosan.  Bufo woodhousii woodhousii larvae had significantly higher 

(p<0.05) triclosan tissue uptake at 250 ug L-1 than stage 49, 54 and 66 X. laevis larvae.  

Stage 54 X. laevis had significantly lower (p<0.05) triclosan tissue uptake at 250 ug L-1 

than R. sphenocephala and stage 49 and 66 X. laevis larvae (Figure 4.1A).   

 Triclosan lipid uptake (Figure 4.2) tended to be an order of magnitude larger than 

tissue uptake (Figure 4.1).  Triclosan lipid uptake in stage 49 X. laevis larvae ranged 

from 14,000-3,500,000 ng g-1.  Triclosan lipid uptake was significantly higher (p<0.001) 

at 500 ug L-1 in stage 49 X. laevis larvae than at the three lower triclosan concentrations 

(Figure 4.2A).  Stage 49 X. laevis larvae also had triclosan lipid uptake that was 

significantly lower (p<0.05) at 31 ug L-1 than at 94 and 250 ug L-1.  Triclosan lipid uptake 
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for stage 54 X. laevis larvae ranged from 9500-172,000 ng g-1.  Lipid uptake in X. laevis 

at stage 54 was significantly higher (p<0.05) at 500 ug L-1 than at 94 and 250 ug L-1 

(Figure 4.2A). Stage 66 X. laevis larvae had triclosan lipid uptake ranging from 252,500-

687,000 ng g-1.  No significant differences existed for lipid uptake in stage 66 X. laevis 

larvae exposed to triclosan (Figure 4.2A).  Triclosan lipid uptake for B. woodhousii 

woodhousii ranged from 76,000-8,688,500 ng g-1. Bufo woodhousii woodhousii larvae 

exposed to 250 and 500 ug L-1 had significantly higher (p<0.05) lipid uptake than 

triclosan concentrations of 31 and 94 ug L-1 (Figure 4.2A). Triclosan lipid uptake levels 

for R. sphenocephala larvae ranged from 92,000-501,000 ng g-1.  Rana sphenocephala 

larvae exposed to 500 ug L-1 had significantly higher (p<0.05) lipid uptake than 31 ug L-1 

(Figure 4.2A). 

 Changes in triclosan lipid uptake were also compared across stage in X. laevis 

and species at 250 ug L-1 triclosan.  Bufo woodhousii woodhousii larvae had 

significantly higher (p<0.05) triclosan lipid uptake at 250 ug L-1 than stage 49, 54, and 

66 X. laevis and R. sphenocephala.  Stage 54 X. laevis larvae had significantly lower 

(p<0.05) triclosan lipid uptake at 250 ug L-1 than stage 49 and 66 X. laevis and R. 

sphenocephala larvae (Figure 4.2A).  

 Stage 49 X. laevis larvae had triclosan tissue BCF ranging from 64-540.  

Triclosan tissue BCF in stage 49 X. laevis larvae were significantly higher (p<0.05) in 

larvae that were exposed to 500 ug L-1 compared to 31, 94, and 250 ug L-1 (Figure 

4.3A).  A significant difference (p<0.05) was also found in stage 49 larvae exposed to 94 

ug L-1 triclosan compared to 31 and 250 ug L-1.   Triclosan tissue BCF ranged from 2-12 

for stage 54 X. laevis and from 44-114 for stage 66 X. laevis larvae.  No significant 
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differences were determined in either stage 54 or stage 66 X. laevis larvae exposed to 

triclosan (Figure 4.3A).  Triclosan tissue BCF ranged from 243-740 for B. woodhousii 

woodhousii and from 76-238 for R. sphenocephala larvae. Additionally, B. woodhousii 

woodhousii and R. sphenocephala also showed no significant differences in tissue BCF 

at the four investigated exposure concentrations (Figure 4.3A). 

 In comparing stage and species differences in triclosan tissue BCF at 250 ug L-1, 

B. woodhousii woodhousii larvae had significantly higher (p<0.05) triclosan tissue BCF 

than stage 49, 54, and 66 X. laevis larvae.  Also at 250 ug L-1 triclosan exposure, stage 

54 X. laevis larvae had significantly lower triclosan BCF than R. sphenocephala and 

stage 49 and stage 66 X. laevis larvae (Figure 4.3A). 

Stage 49 X. laevis larvae had triclosan lipid BCF values ranging from 449-7023.  

Triclosan lipid BCF values in stage 49 X. laevis larvae were significantly higher (p<0.05) 

in larvae exposed to 500 ug L-1 than larvae exposed to 31 and 250 ug L-1 (Figure 4.4A).  

Triclosan lipid BCF ranged from 101-344 in stage 54 X. laevis larvae.  No significant 

differences were observed in lipid BCF of stage 54 X. laevis larvae (Figure 4.4A).  Stage 

66 X. laevis larvae had lipid BCF ranging from 504-2261.  In stage 66 X. laevis larvae, a 

significantly higher (p<0.05) BCF was determined in larvae exposed to 500 ug L-1 than 

in larvae exposed to 250 ug L-1 (Figure 4.4A).  Triclosan lipid BCF in B. woodhousii 

woodhousii ranged from 2432-17,300 and from 502-6600 in R. sphenocephala larvae.  

No significant differences in lipid BCF were found in either B. woodhousii woodhousii or 

R. sphenocephala larvae (Figure 4.4A). 

Triclosan lipid BCF values were found to be different across both stage and 

species at 250 ug L-1 triclosan.  Bufo woodhousii woodhousii larvae had significantly 
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higher (p<0.05) triclosan lipid BCF at 250 ug L-1 than stage 49, 54, 66 X. laevis and R. 

sphenocephala larvae.  Additionally, stage 54 X. laevis had significantly lower (p<0.05) 

triclosan lipid BCF at 250 ug L-1 than stage 49 and 66 X. laevis and R. sphenocephala 

larvae (Figure 4.4A). 

 

Triclocarban 

 Triclocarban tissue uptake levels ranged from 15,000-198,500 ng g-1 in B. 

woodhousii woodhousii and from 140-850,000 ng g-1 in stage 54 X. laevis larvae.  The 

uptake of triclocarban into the tissues was significantly lower for B. woodhousii 

woodhousii (p<0.05) and stage 54 X. laevis (p<0.05) exposed to 31 ug L-1 compared to 

94 and 250 ug L-1 triclocarban.  Triclocarban tissue uptake ranged from 8-97,000 ng g-1 

in stage 66 X. laevis larvae.  Stage 66 X. laevis larvae had triclosan tissue uptake that 

was significantly higher (p<0.05) at 500 ug L-1 than at the three lower exposure 

concentrations.  Triclocarban tissue uptake ranged from 45,800-502,000 ng g-1 in stage 

49 X. laevis larvae.  A significant difference was also observed in stage 49 X. laevis 

(p<0.05) larvae exposed to concentrations of 250 and 500 ug L-1 triclocarban (Figure 

4.1B).  Rana sphenocephala larvae had triclocarban tissue uptake levels ranging from 

41-3800 ng g-1.  No significant differences were found in tissue uptake for R. 

sphenocephala larvae exposed to increasing triclocarban concentrations (Figure 4.1B). 

 Changes in triclocarban tissue uptake were also observed across stage and 

species at 250 ug L-1 triclocarban.  At 250 ug L-1 triclocarban, stage 49 and 54 X. laevis 

larvae and B. woodhousii woodhousii had significantly higher (p<0.05) triclocarban 

tissue uptake than stage 66 X. laevis and R. sphenocephala larvae.  Stage 66 X. laevis 
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had significantly lower (p<0.05) triclocarban tissue uptake at 250 ug L-1 than R. 

sphenocephala larvae (Figure 4.1B). 

 Triclocarban lipid uptake for B. woodhousii woodhousii ranged from 133,000-

2,400,000 ng g-1.  Triclocarban lipid uptake was significantly lower (p<0.05) at 31 ug L-1 

compared to 94 and 250 ug L-1 for B. woodhousii woodhousii.  Triclocarban lipid uptake 

ranged from 3000-32,300,000 ng g-1 in stage 54 X. laevis larvae.  Stage 54 X. laevis 

had significantly lower (p<0.05) triclocarban lipid uptake at 94 ug L-1 compared to 250 

and 500 ug L-1 (Figure 4.2B).  Triclocarban lipid uptake ranged from 1133-2,470,000 ng 

g-1 in stage 66 X. laevis.  Triclocarban lipid uptake was significantly higher (p<0.05) in 

stage 66 X. laevis larvae exposed to 500 ug L-1 compared to the three lowest exposure 

concentrations.  Triclocarban lipid uptake ranged from 2500-74000 ng g-1 in R. 

sphenocephala and from 471,000-2,150,000 ng g-1 in stage 49 X. laevis.  No significant 

differences were found in R. sphenocephala and X. laevis larvae at stage 49 (Figure 

4.2B). 

 Stage and species differences were also observed in triclocarban lipid uptake 

levels at 250 ug L-1 triclocarban.  At 250 ug L-1 triclocarban, stage 66 X. laevis and R. 

sphenocephala larvae had significantly lower (p<0.05) triclocarban lipid uptake than 

stage 49 and 54 X. laevis and B. woodhousii woodhousii larvae (Figure 4.2B). 

 Stage 49 X. laevis had triclocarban tissue BCF ranging from 183-1000.  

Triclocarban tissue BCFs were significantly higher in stage 49 (p<0.05) X. laevis larvae 

exposed to 500 ug L-1.  Triclocarban tissue BCF ranged from 1.5-1700 in stage 54 X. 

laevis.  Stage 54 X. laevis had significantly lower (p<0.05) tissue BCF at 94 ug L-1 than 

compared to 250 and 500 ug L-1.  Triclocarban tissue BCF ranged from <1-200 in stage 
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66 X. laevis.  Stage 66 X. laevis had significantly lower (p<0.05) BCF in larvae exposed 

to 500 ug L-1 triclocarban compared to 31, 94, and 250 ug L-1 (Figure 4.3B).  Bufo 

woodhousii woodhousii larvae had tissue BCF ranging from 288-1424, while R. 

sphenocephala larvae had lower BCFs ranging from <1-15.  No significant differences 

were observed in B. woodhousii woodhousii and R. sphenocephala larvae (Figure 

4.3B). 

 Differences in stage and species were also observed in triclocarban tissue BCF 

levels at 250 ug L-1 triclocarban.  Bufo woodhousii woodhousii larvae had significantly 

higher (p<0.05) triclocarban tissue BCF at 250 ug L-1 than stage 66 X. laevis and R. 

sphenocephala larvae.  Triclocarban tissue BCF values were significantly lower in stage 

66 X. laevis and R. sphenocephala larvae at 250 ug L-1 than stage 49 and 54 X. laevis 

larvae.  Also at 250 ug L-1, stage 66 X. laevis larvae had significantly lower (p<0.05) 

triclocarban tissue BCF than R. sphenocephala larvae (Figure 4.3B). 

 Triclocarban lipid BCF ranged from 31-65000 in stage 54 larvae.  Triclocarban 

lipid BCFs were significantly lower in stage 54 X. laevis (p<0.05) larvae exposed to 94 

ug L-1 triclocarban compared to 250 and 500 ug L-1 (Figure 4.4B).  Triclocarban lipid 

BCF were also significantly higher in stage 54 X. laevis (p<0.05) at 500 ug L-1 than at 

the three lower exposure concentrations.  Triclosan lipid BCF ranged from 4250-34600 

in B. woodhousii woodhousii, from 29-500 in R. sphenocephala, and from 1885-25000 

in stage 49 X. laevis larvae.  No significant differences were observed in B. woodhousii 

woodhousii, R. sphenocephala and stage 49 X. laevis larvae (Figure 4.4B). 

 Differences in stage and species were also observed in triclocarban lipid BCF 

values at 250 ug L-1 triclocarban.  At 250 ug L-1 triclocarban, B. woodhousii woodhousii 
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larvae had significantly higher (p<0.05) triclocarban lipid BCF than stage 66 X. laevis 

and R. sphenocephala larvae.  Stage 49 and 54 X. laevis had significantly higher 

(p<0.05) triclocarban lipid BCF at 250 ug L-1 than stage 66 X. laevis and R. 

sphenocephala larvae (Figure 4.4B). 
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Figure 4.1.  Tissue uptake (ng g-1 ± SD) for stage 30 Bufo woodhousii woodhousii 
(BWW, n=3), stage 30 Rana sphenocephala (RS, n=3), and stage 49 (n=5-6 for 
triclosan; n=3 for triclocarban), 54 (n=4 for triclosan; n=3 for triclocarban), and 66 (n=4 
for triclosan; n=3 for triclocarban) Xenopus laevis (XL) larvae exposed to four nominal 
concentrations (31, 94, 250, and 500 ug L-1)  of (A) triclosan and (B) triclocarban. Those 
groups having different letters are significantly different from each other at p<0.05. 
Those species having different numbers are significantly different from each other at the 
250 ug L-1 concentration at p<0.05. 
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Figure 4.2. Lipid uptake (ng g-1 ± SD) for stage 30 Bufo woodhousii woodhousii (BWW, 
n=3), stage 30 Rana sphenocephala (RS, n=3), and stage 49 (n=5-6 for triclosan; n=3 
for triclocarban), 54 (n=4 for triclosan; n=3 for triclocarban), and 66 (n=4 for triclosan; 
n=3 for triclocarban) Xenopus laevis (XL) larvae exposed to four nominal concentrations 
(31, 94, 250, and 500 ug L-1) of (A) triclosan and (B) triclocarban. Those groups having 
different letters are significantly different from each other at p<0.05.  Those species 
having different numbers are significantly different from each other at the 250 ug L-1 
concentration at p<0.05. 
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Figure 4.3. Tissue bioconcentration factors (± SD) for stage 30 Bufo woodhousii 
woodhousii (BWW, n=3), stage 30 Rana sphenocephala (RS, n=3), and stage 49 (n=5-6 
for triclosan; n=3 for triclocarban), 54 (n=4 for triclosan; n=3 for triclocarban), and 66 
(n=4 for triclosan; n=3 for triclocarban) Xenopus laevis (XL) larvae exposed to four 
nominal concentrations (31, 94, 250, and 500 ug L-1)  of (A) triclosan and (B) 
triclocarban. Those groups having different letters are significantly different from each 
other at p<0.05.  Those species having different numbers are significantly different from 
each other at the 250 ug L-1 concentration at p<0.05. 
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Figure 4.4. Lipid bioconcentration factors (± SD) for stage 30 Bufo woodhousii 
woodhousii (BWW, n=3), stage 30 Rana sphenocephala (RS, n=3), and stage 49 (n=5-6 
for triclosan; n=3 for triclocarban), 54 (n=4 for triclosan; n=3 for triclocarban), and 66 
(n=4 for triclosan; n=3 for triclocarban) Xenopus laevis (XL) larvae exposed to four 
nominal concentrations (31, 94, 250, and 500 ug L-1)  of (A) triclosan and (B) 
triclocarban. Those groups having different letters are significantly different from each 
other at p<0.05.  Those species having different numbers are significantly different from 
each other at the 250 ug L-1 concentration at p<0.05. 
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Discussion 

 Based upon their log Kow values, both triclosan and triclocarban have the 

potential to accumulate within tissues, thus it is important to investigate the rate of 

accumulation as larvae are exposed to increasing contaminant concentrations.  In this 

study, tissue uptake, lipid uptake, tissue BCF and lipid BCF of triclosan and triclocarban 

were investigated in amphibian larvae of two North American species and in a widely 

used amphibian larval model.  I found that the tissue and lipid uptake of both triclosan 

and triclocarban increased with increasing exposure concentration.  Tissue and lipid 

BCF factors were variable across both stage and species but the highest exposure 

concentrations tended to have the largest BCF values. 

 

Tissue and Lipid Uptake 

Tissue and lipid uptake values were obtained in three developmental stages of X. 

laevis and in two North American species.  In this study, larvae exposed to increasing 

concentrations of triclosan and triclocarban had an increase in both tissue uptake and 

lipid uptake values.  Xenopus laevis larvae were exposed to triclosan and triclocarban at 

three different developmental stages, and uptake was significantly different depending 

upon the developmental stage and species.  Herkovits et al. (1998) however, observed 

an increase in cadmium uptake at later developmental stages of X. laevis that were 

thought to be related to the gradual increase in the external surface of the larvae, the 

development of gills and the possible transport of the contaminant across the 

membrane from the surface to inner organs.   
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Lipid uptake levels of lipophilic polychlorinated biphenyls (PCBs; Kow = 5.2 - 5.7) 

have been investigated in green frog larvae (Rana clamitans) at two developmental 

stages.  During the larval stage of R. clamitans, lipid levels remained relatively stable 

compared to metamorphosing larvae that had decreasing levels of lipids in their tissues 

(Leney et al., 2006).  A similar response was also observed in larvae of this study 

exposed to triclocarban.  At stage 66, larvae were undergoing metamorphosis and while 

not significant, larvae had considerably less lipid uptake values at 31, 94 and 250 ug L-1 

triclocarban (Figure 4.2B) than the values observed for earlier developmental stages 49 

and 54.  

Tissue and lipid uptake levels are related to LC50 values determined in chapters 

2 and 3.  For example, B. woodhousii woodhousii had a triclocarban LC50 value of 37 

ug L-1, while the R. sphenocephala LC50 value was 1036 ug L-1.  It is possible that the 

larger surface area to volume ratio of B. woodhousii woodhousii larvae enabled them to 

uptake more triclocarban into both tissue and lipid stores thus causing them to be more 

sensitive to triclocarban exposure than that of larger R. sphenocephala larvae which 

had a much higher LC50 value and lower tissue and lipid uptake values (Figure 4.1B, 

4.2B).  This is supported by research performed by Cooke (1979) who found that small 

larvae (mean mass of 300 mg) exposed to DDT (Kow = 5.9) had higher tissue uptake 

levels than those of larger larvae (mean mass of 708 mg).   

.  

Tissue and Lipid BCF’s 

Bioconcentration factors are used to describe the accumulation of contaminants 

within organisms.  Tissue and lipid BCFs are environmental factors that are often 
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measured in hydrophobic contaminants (like triclosan and triclocarban) because they 

easily partition into lipids at greater concentrations than would be expected from water-

tissue partitioning and if not metabolized, the effects magnify and cause detrimental 

effects up the food chain (Evans et al., 1991).  In the current study, BCFs were 

determined in three developmental stages of X. laevis and two North American species 

of a similar stage.  Triclosan tissue BCFs ranged from 44-740, while the range for 

triclocarban tissue BCFs was 1-1694 in all larval species investigated in this study.  

Bioaccumulation factors (BAF) of triclosan and triclocarban have been determined in 

algal species (Cladophora spp.) at three sites at and downstream from a wastewater 

treatment plant.  Triclosan BAF ranged from 900-1200, while triclocarban BAF ranged 

from 1600 to 2700 (Coogan et al., 2007).  Bioaccumulation factors in snails (Halisoma 

trivolvis) were 500 with exposure to triclosan and the 1600 with exposure to triclocarban 

(Coogan et al., 2008).  The tissue BCFs in larvae exposed to triclosan and triclocarban 

were lower than those of algal species, indicating that algae, with higher accumulation 

values, pose a greater threat at higher trophic levels. During this study, the animals 

were not fed during the 96 hour exposure period.  Greater bioaccumulation may occur 

in the wild if the animals were to eat the algae. 

Bioconcentration factors of PCBs have also been investigated throughout 

development of X. laevis larvae.  No significant differences were found in BCFs of PCBs 

in larvae exposed throughout development for 65 days (Zhao et al., 2007).  However, 

between 65 days to 110 days of PCB exposure, a significant increase in 

bioconcentration was observed in larvae with BCFs ranging from 1180 to 15670 (Zhao 

et al., 2007).  Amphibian larvae in Zhao et al. (2007) study were initially staged at 46/47, 
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but were not specifically staged throughout the remainder of development.  The 

lipophilic nature of PCBs (Kow = 5.2 - 5.7) is similar to that of both triclosan and 

triclocarban.  All these contaminants can bioconcentrate in adipose and other lipid rich 

tissues of the body (Cogliano, 1998; Qin et al., 2003).  Amphibians can uptake these 

lipophilic compounds through their permeable skin and through their gills, unlike other 

species with protective scales, thus amphibians may be more susceptible to 

contaminant exposure.   

Investigating the bioconcentration properties of contaminants is not only 

important for the survival of amphibian larvae, but is also important in determining the 

potential for a female to transfer contaminants to her eggs.  Female narrow-mouth toads 

(Gastrophryne carolinensis) have been found to accumulate several trace elements in 

their tissues (Hopkins et al., 2006).  Maternal transfer of toxic concentrations to their 

eggs has been found in amphibians (Hopkins et al., 2006).   

Additionally, amphibian life cycles are complex, which may allow them to transfer 

contaminants from aquatic to terrestrial food chains (Roe et al., 2005).  Algae and 

aquatic invertebrates are consumed by aquatic vertebrates, including amphibians, at 

some point in their life (Lamberti, 1989).  Thus, any contaminants that accumulate at 

lower trophic levels have the potential to accumulate in higher organisms that consume 

them.  Amphibian larvae are often consumed by higher level predators, thus passing 

contaminants up the food chain.  Banded water snakes (Nerodia fasciata) reared in the 

laboratory on a diet of fish from polluted coal ash wetlands had bioaccumulation factors 

of trace elements less than field water snakes consuming R. catesbeiana (Hopkins et 

al., 2000).  The R. catesbeiana larvae consumed in the field had accumulation rates of 
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trace elements 3-5 times higher than fish fed to the lab snakes (Hopkins et al., 2000).  

This in turn caused the field water snakes to have elevated tissue residues (Hopkins et 

al., 2000).  The results of this study indicate that amphibians play a vital role in the 

bioconcentration of contaminants and because of their place in the food chain, have 

important implications for both aquatic and terrestrial predators in contaminated 

environments. 

 

Conclusions 

 Triclosan and triclocarban were found to bioconcentrate within the tissues and 

lipids of three amphibian species.  The levels at which they accumulated increased with 

increasing exposure concentration.  Because these contaminants are used on a daily 

basis, it is likely that environmental concentrations will increase.  Although the levels of 

contaminants used in this study were higher than environmental concentrations, it was 

important to determine their bioconcentration potential.  This study is important and 

merits further investigation of bioconcentration effects in amphibians due to contaminant 

exposure, especially since contaminants are hypothesized as a contributing factor of 

amphibian population declines (Corn, 2000; Houlahan et al., 2000).   Additionally, the 

bioconcentration of contaminants in amphibians can serve as a critical link between 

terrestrial and aquatic food chains. 
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CHAPTER 5 

 

ACUTE AND CHRONIC EFFECTS OF CAFFEINE EXPOSURE ON THE 

DEVELOPMENT OF THE AFRICAN CLAWED FROG, Xenopus laevis 

 

Introduction 

Little is known about the environmental occurrence, transport and fate of many 

organic chemicals after their intended uses.  For many substances currently in use, the 

potential effects on aquatic ecosystems are not clearly understood.  Amphibian larvae 

have the potential to be exposed to several contaminants while developing in their 

aquatic habitats.  Many studies of amphibian toxicology focus on agricultural pesticides, 

herbicides and fertilizers (Rouse et al., 1999; Cowman and Mazanti, 2000; Boone and 

Bridges, 2003).  However, surveys over the past decade suggest that organic 

wastewater contaminants are also present in aquatic habitats (Jones et al., 2001, 2002; 

Campagnolo et al., 2002; Kolpin et al., 2002; Boyd et al., 2003; Lalumera et al., 2004).  

Kolpin et al. (2002) ranked caffeine as one of the top five most frequently detected 

contaminants, occurring in 70% of the 139 sample streams across the United States.   

Caffeine (3,7-dihydro-1,3,7-trimethyl-1h-purine-2,6-dione) is one of the most 

commonly consumed stimulants by humans (Lawrence et al., 2005 and Cahill et al., 

2004) and is a member of a group of alkaloids, the xanthenes.  Caffeine is used as a 

cardiac, brain, and respiratory stimulant as well as a diuretic (Buerge et al., 2003).  

Likely sources for the presence in the environment include caffeine being a key 

ingredient in tea, coffee, soft drinks and in foods containing chocolate.  It is estimated 
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that caffeine is consumed globally at a rate of 70 mg person-1 day-1 (Buerge et al., 

2003).  In the United States, the daily consumption rate is an average of 210 mg person-

1 with a national total of 63000 kg caffeine day-1 (Buerge et al., 2003).  It is thus 

inevitable that caffeine will make its way into the environment.  Caffeine has been found 

in the environment at concentrations as high as 6 ug L-1 (Kolpin et al., 2002; Cahill et 

al., 2004) with most concentrations being less than 1 ug L-1 (Kolpin et al., 2002). 

The timing of exposure of a contaminant during development might also be 

critical in influencing its effects.  Because the larval periods for various amphibian 

species differ, this developmental timing of exposure might be species specific.  

Species such as toads and treefrogs with short larval periods might be more likely to 

avoid larval exposure to contaminants by simply reaching metamorphosis before the 

chemical has time to have negative effects (Boone and Semlitsch, 2001) or by being 

exposed for a shorter time.  The larval stages of Xenopus laevis were chosen as test 

organisms for this study because they are a widely used developmental model.  Four 

developmental stages were used for the acute portion of this study to determine if the 

toxicity of caffeine is dependent upon developmental stage.  Effects of chronic exposure 

of caffeine were also determined in X. laevis.  If amphibian larvae are exposed to 

caffeine, it is likely that they will be exposed for longer than 96 hours to complete their 

life cycles, so it is important to determine the effects that long term exposures have on 

development. 

 The objectives of this study were to determine acute toxicity (LC50 values) of 

caffeine during four developmental stages of X. laevis; to determine if sensitivity 

changes as X. laevis larvae mature; to determine the acute effects of caffeine exposure 
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on heart rate; and to determine the effects chronic exposure has on heart rates of X. 

laevis. 

 

Materials and Methods 

 Xenopus laevis larvae were obtained from Xenopus Express (Brooksville, FL) 

and were staged according to Nieuwkoop and Faber, 1967.  All experiments were 

approved by the University of North Texas IACUC.  Four developmental stages were 

investigated throughout larval development; stages 41, 49, 54 and 66.  For the acute 

experiments, larvae were placed into beakers containing 250 mL nominal 

concentrations (ranging from 2000 to 75,000 ug L-1) of caffeine as well as a control (0 

ug L-1) for 96 hours.  Larvae were counted daily and the LC50 concentration was 

determined after the 96-hour exposure using the Trimmed Spearman Karber Method, 

where acceptability of the test results required 90% survival in the control.  Those 

surviving the 96 hours were then used for heart rate determination.   

 For the chronic experiments, larvae were staged and placed into one of three 

concentrations, 0, 100, and 1000 ug L-1 of caffeine.  Larvae were fed every other day 

and water concentrations were changed every 5 days for 20 days.  After 20 days, 

resting heart rates were determined and the control and 100 ug L-1 larvae were placed 

into 1000 ug L-1 and 1000 ug L-1 larvae were placed in 0 ug L-1.  The larvae remained in 

the new concentration for 2 hours and heart rates were again measured.  Mass and 

stage of development was measured at each concentration at the end of the 20 day 

chronic experiment. 
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 Heart rates were measured by inverting the larvae in a low melting point agar 

(Sea Plaque agarose) and placing them under a Nikon dissecting microscope.  A 30 

second clip of the beating ventricle of the heart was recorded with an Olympus DP70 

camera using ImagePro Plus software.  Heart rate videos were then played back frame 

by frame and the contracting of the ventricle was counted for 30 seconds.  This value 

was multiplied by two in order to obtain a beats per minute (bpm) measurement.  

 For the acute toxicity tests, a one-way analysis of variance (ANOVA) was used to 

determine if a difference exists between means.  If a significant difference was found, a 

Tukey’s test was used to determine which groups were significantly different from each 

other.   For the chronic exposure experiments, a two-way analysis of variance was used 

to determine if a significant difference existed for concentration, time, and the interaction 

of concentration and time.  If a significant difference existed, a Holm-Sidak test was 

used to determine which groups were significantly different from each other.  The level 

of significance for all tests was p<0.05. 

 

Results 

Acute Exposure  

 The LC50 values for stage 41, 49, 54, and 66 were determined to be greater than 

75,000 ug L-1, as all larvae exposed to 75,000 ug L-1 survived 96-hour exposure.  Acute 

heart rate differences were determined for all four stages of development (Figure 5.1).  

Stage 41 larvae had significantly higher heart rates (p<0.05) at 0 ug L-1 (147 bpm) than 

at all of the five exposure concentrations (ranging from 2,000 to 75,000 ug L-1) (Figure 

5.1A).  Additionally, stage 41 larvae exposed to 2,000 and 10,000 ug L-1 had 
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significantly higher heart rates (p<0.05) than those larvae exposed to 25,000, 40,000, 

and 75,000 ug L-1.  Stage 49 larvae had significantly lower heart rates (p<0.05) at 0 ug 

L-1 (97 bpm) than at all five exposure concentrations of 2,000, 10,000, 25,000, 40,000, 

and 75,000 ug L-1 (Figure 5.1B).  At both stage 54 and 66, there were no significant 

differences in heart rates among any of the exposure groups (Figure 5.1C, D). 

 

Chronic Exposure  

 For the chronic experiments, stage 49 and 54 larvae were exposed to caffeine 

concentrations of 0, 100, and 1000ug L-1 for 20 days.  After 20 days, stage 49 larvae 

progressed to stages 52 to 53 of development with all larvae progressing to these 

stages at all exposure concentrations.   Stage 54 larvae progressed to stage 60 to 66 of 

development after 20 days.  Those larvae exposed to both 0 and 1000 ug L-1 caffeine 

developed the fastest having seven larvae out of twenty each progress to stage 66 of 

development, compared to only four larvae out of twenty at 100 ug L-1 caffeine.  The 

mass of all larvae was measured before and after 20 days exposure (Table 5.1 and 

5.2).  There were no differences in the mass of individuals that started the stage 49 and 

stage 54 chronic exposure experiments nor were there differences in the larval masses 

at the end of the experiment.  However, there was a significant (p<0.05) increase in 

mass in stage 49 larvae at the beginning (day 0) of the experiment and in those that 

reached stage 52-53 after 20 days at each exposure concentration.  A significant 

(p<0.05) decrease in mass was observed in stage 54 larvae at the beginning (day 0) of 

the experiment and those that reached stage 60-66 after 20 days at each exposure 

concentration.   
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Those larvae which started the experiment at stage 49 had heart rates that were 

significantly higher (p<0.05) at the 1000 ug L-1 concentration than that of the 0 and 100 

ug L-1 caffeine concentrations after 20 days exposure (Figure 5.2A).  After two hours, 

the larvae that were exposed to 0 ug  and 100 ug L-1 significantly increased (p<0.05) 

their heart rates due to exposure to 1000 ug L-1 caffeine, while those larvae initially 

exposed to 1000 ug L-1 and exposed to 0 ug L-1 after two hours had no significant 

differences.  The larvae all reached the same stage after 20 days, but those exposed to 

lower concentrations at the beginning of the experiment had a significant increase in 

heart rate (p<0.05) when the exposure concentration was changed for only two hours. 

No significant interactions between acute and chronic exposure and caffeine 

concentration were found in chronically exposed stage 54 larvae (Figure 5.2B).  Larvae 

that began the experiment at stage 54 had significantly higher (p<0.05) heart rates at 

exposure concentrations of 0 and 100 ug L-1 when compared to the 1000 ug L-1 group.  

After two hours, no significant differences in heart rates were observed.  
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Figure 5.1.  Mean heart rate (bpm ± SD) for Xenopus laevis larvae at (A) stage 41 
(n=10-20), (B) stage 49 (n=12), (C) stage 54 (n=10-12), and (D) stage 66 (n=10) 
exposed to nominal caffeine concentrations for 96 hours.  Those groups having different 
letters are significantly different from each other at p<0.05.  Mean heart rates of 
Xenopus laevis exposed to caffeine were only significant in the two earliest 
developmental stages investigated. 
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Table 5.1.  Mean mass (mg ± SD) of Xenopus laevis larvae (n=12-17) beginning at 
stage 49 of development at Day 0 and after 20 days exposure to caffeine 
concentrations of 0, 100, and 1000 ug L-1.  Numbers in each column indicate significant 
differences (p<0.05) at the same concentration.  No significant difference existed 
between larvae compared at day 0 or day 20 of the experiment. 

  

0 ug L-1 

 

100 ug L-1 

 

1000 ug L-1 

Mass at Day 0 (mg) 54 ± 151 64 ± 161 53 ± 141 

Mass at Day 20 (mg) 103 ± 412 113 ± 392 122 ± 342 

 
 
 
 
 
 
Table 5.2.  Mean mass (mg ± SD) of Xenopus laevis larvae (n=20) beginning at stage 
54 of development at Day 0 and after 20 days exposure to caffeine concentrations of 0, 
100, and 1000 ug L-1.  Numbers in each column indicate significant differences (p<0.05) 
at the same concentration. No significant difference existed between larvae compared 
at day 0 or day 20 of the experiment. 

  

0 ug L-1 

 

100 ug L-1 

 

1000 ug L-1 

Mass at Day 0 (mg) 696 ± 1711 651 ± 2101 702 ± 2241 

Mass at Day 20 (mg) 433 ± 1612 471 ± 1462 477 ± 1552 
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Figure 5.2.  Mean heart rate (bpm ± SD) for (A) stage 49-53 (n=12-17) and (B) stage 
54-66 (n=20) Xenopus laevis larvae exposed to three caffeine concentrations (0, 100, 
and 1000 ug L-1) for 20 days and exposed to 0 and 1000 ug L-1 after 2 hours post 20 
days.  Those groups having different letters are significantly different from each other at 
p<0.05.  Mean heart rates of Xenopus laevis chronically exposed to caffeine were 
significant depending upon exposure concentration. 
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Discussion 

 The potential exists for amphibians to be exposed to environmental contaminants 

that persist in the environment.  Amphibian exposure to environmental contaminants 

may be brief or long, depending upon the length of their developmental cycle.  During 

the breeding season, amphibian larvae may be at different developmental stages at any 

given time and development may be hindered if exposed to contaminants at a 

potentially sensitive stage.  Thus, it is important to study different developmental stages 

to determine the consequences of acute exposure throughout development.  

Additionally, a majority of larvae have the potential to be exposed to contaminants for 

an extended period of time.  It is likely that the exposure time will be greater than that of 

the length of most acute toxicity tests (which last up to only 96 hours).  This study 

examined the individual acute toxicity effects of caffeine on the 96- hour LC50 values 

and heart rate of X. laevis larvae; and the effects of 20 day chronic caffeine exposure on 

heart rate.  The results of this study found no differences in LC50 values between the 

four developmental stages acutely exposed to caffeine, although heart rate differences 

were found in the two earliest developmental stages.  Chronic exposure to caffeine had 

effects on heart rate but did not alter the ability for amphibian larvae to metamorphose. 

 

LC50 Values 

Caffeine LC50 values in X. laevis larva were found to be greater than 75,000 ug 

L-1.  This result indicates that all larvae exposed to concentrations up to 75,000 ug L-1 

survived 96-hour exposure.  This result is comparable to that of stage 9 X. laevis 

blastulae.  Xenopus laevis blastulae at stage 9 of development exposed to caffeine had 
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a 96-hour LC50 value greater than 100,000 ug L-1 (Richards and Cole, 2006), 255,000 

ug L-1 (Moser and Rayburn, 2007), and 480,000 ug L-1 (Fort et al., 1998).  Additionally, 

Pimephales promelas (fathead minnow) exposed to caffeine for 48 hours had LC50 

values ranging from 90,000 ug L-1 to 120,000 ug L-1 (Moore et al., 2008). 

Morphology and activity levels due to exposure to caffeine have been 

investigated in X. laevis and in North American amphibian larvae.  Embryos of X. laevis 

exposed to caffeine for 96 hours had loose gut coils and abdominal and facial edemas 

in those that survived the exposure period (Moser and Rayburn, 2007).   Activity levels 

of Bufo americanus larvae were unaffected by caffeine concentrations of 0.6 to 600 ug 

L-1 and the mass was also unaffected after 14 days exposure (Smith and Burgett, 2005).  

Amphibian larvae in the current study did not appear to have any morphological 

abnormalities and were unaffected by exposure to caffeine up to concentrations as high 

as 75,000 ug L-1. 

 

Acute Exposure  

Maintaining adequate heart performance is important in vertebrates that face 

adverse environmental conditions (Driedzic and Gesser, 1994).  Acute exposure to 

caffeine had significant effects on the heart rates of amphibian larvae at the two earliest 

developmental stages.  The heart rates of stage 41 larvae had values that significantly 

decreased from the control as caffeine exposure concentrations increased.  Stage 49 

larvae however, had heart rates that significantly increased with increasing exposure 

concentration when compared to the control group.   
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The increased heart rate observed in stage 49 X. laevis is similar to acute effects 

of caffeine in mammals.  Caffeine has been found to cause acute cardiovascular 

effects, including increased blood pressure, increased epinephrine release and 

increased arterial stiffness (Robertson et al., 1978; Smits et al., 1985; Mahmud and 

Feely, 2001; Papamichael et al., 2005). The mode of action for caffeine in mammals is 

as an antagonist to adenosine receptors (A1 and A2A) found in the brain (Fredholm et 

al., 1999; O’Brien, 2001).   Amphibians also have adenosine receptors.  Woodfrogs 

(Rana sylvatica) are a freeze tolerant species that upregulate A1 and A2A receptors in 

the heart during freezing, which results in a decreased blood flow (and decreased heart 

rate) to the tissues (Storey, 2004).  The A1 and A2A receptors present in amphibian 

larvae in this study would be inhibited with caffeine exposure, thus an increased heart 

rate would be predicted. Acute exposure to caffeine had no effect on mice that lacked 

either the A1 or A2 receptors (Yang et al, 2009).  Xenopus laevis larvae at stage 54 and 

stage 66 had no acute heart rate response to caffeine exposure.  It is possible that the 

concentrations used in the acute studies were not at high enough levels in order to 

produce an effect. 

 

Chronic Exposure  

Chronic effects of contaminants are rarely investigated in toxicity tests.  In nature, 

the majority of animals exposed to contaminants tend to be exposed for longer than 96 

hours, the usual time frame for acute toxicity tests.  Exposure to contaminants can have 

sublethal behavioral effects on amphibians, which can ultimately affect predation risk, 

feeding efficiency or reproductive stress, and in turn the persistence of amphibian 
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populations in contaminated areas (Semlitsch et al., 1995; Bridges, 2000; Hatch and 

Blaustein, 2000; Glennemeier and Denver, 2001).    

In the current study, X. laevis larvae were exposed to two caffeine exposure 

concentrations and a control group for 20 days.  Larvae that began the experiment at 

stage 49 and were exposed to 0, 100 and 1000 ug L-1 caffeine had significantly higher 

masses than from the beginning of the experiment.  Stage 49 control larvae reached 

stages 52-53 of development and no differences were observed across exposure 

concentrations.  The second chronic exposure treatment began when the larvae were at 

stage 54.  After twenty days, the mass of all exposure concentrations significantly 

decreased from the beginning of the experiment.  The decrease in mass is due to the 

majority of the larvae progressing through metamorphosis.  Changes in growth rates 

with chronic exposure to caffeine have been investigated in mammals.  Rats given 

caffeine in their food chronically had decreased body weights and decreased food 

intake than controls (West et al., 1986; Tolfovic et al., 2007).  Those larvae exposed to 0 

and 1000 ug L-1 caffeine had seven out of twenty progress to metamorphosis.  This 

indicates that, unlike in mammals, exposure to caffeine had no effect on the ability of 

the larvae to reach metamorphosis.   

Heart rates of larvae chronically exposed to caffeine concentrations of 1000 ug L-

1 were different than heart rate values of larvae exposed to 0 and 100 ug L-1.  No 

differences were found in between larvae exposed to 0 and 100 ug L-1 caffeine.  It is 

possible that 100 ug L-1 caffeine was not a large enough increase from 0 ug L-1 to pose 

any effect on heart rates of amphibian larvae.  Chronic exposure to caffeine in 

mammals has produced variable results.  Rats given a dose of caffeine in their food for 
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two weeks had increased heart rates compared to controls (White and Nguyen, 2002) 

while exposure to caffeine for 88 days caused heart rates to decrease from controls 

(Temples et al., 1985).  Doses and administration of caffeine were different in these two 

studies, so it is hard to make any general assumptions on the effects of caffeine 

exposure on heart rate. 

Chronic effects of caffeine exposure have been investigated in mammals, 

including mice which showed up-regulation of A1 receptors (Daly, 1993; Shi et al., 

1993).   Long term exposure to caffeine has been found to increase plasma cholesterol 

levels and increase blood pressure in human test subjects who drank coffee for 14 

weeks (Jee et al., 1999; Noordzij et al., 2005).  Chronic exposure of caffeine in the 

drinking water of mice led to an increase in locomotor activity at night in mice lacking 

the A1 receptor (Yang et al., 2009).  In this study, chronic exposure to 1000 ug L-1 

caffeine resulted in a desensitization of the response to caffeine.  Larvae exposed to 

1000 ug L-1 may have fewer adenosine receptors to help counter the chronic exposure 

to caffeine. 

 

Conclusions 

 This study demonstrates that the toxic effects of caffeine are dependent upon 

developmental stage of X. laevis.  Early developmental stages were most sensitive to 

exposure to caffeine, having heart rate values different than controls.  Caffeine does not 

appear to be a toxic threat for amphibian larvae as experimental concentrations were 

higher than those found in the environment.  However, sublethal effects were present in 

heart rates of both acute and chronically exposed larvae.  Chronic exposure to 1000 ug 
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L-1 produced heart rates that were significantly different from controls.  It is important to 

monitor caffeine levels in streams as it can persist, although its half-life is only 1.5 days 

(Lam et al., 2004).  This study further indicates the importance of studying the effects of 

contaminants on amphibians, especially in the light of amphibian population declines. 
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CHAPTER 6 

 

CONCLUSIONS 

 

 This study provided insight to the effects of frequently used contaminants on 

amphibian development.  Investigating the effects of contaminants on different 

amphibian species as well as different stages of development helped to provide a better 

understanding of sensitive species and how sensitivity changes with developmental 

stage.   

Results from this study indicate an effect of developmental stage on the LC50 

values of triclocarban and triclosan in amphibians.  In particular, X. laevis larvae were 

most sensitive to triclosan and triclocarban exposure at the two earliest developmental 

stages compared to higher LC50 values at metamorphosis.  There was also a clear 

species effect in LC50 values in response to exposure to triclosan and triclocarban.  

Bufo woodhousii woodhousii larvae were most sensitive to exposure to triclosan and 

triclocarban, with their triclocarban LC50 values being 37 ug L-1 which is 5.5x higher 

than the environmental concentration of 6.75 ug L-1.  LC50 values are one of the most 

commonly used tests in aquatic toxicology, especially to determine short term effects of 

contaminants.  The values found in this study are beneficial in providing environmental 

regulators with acceptable limits of these contaminants in the environment.  

 Heart rates of larvae exposed to triclosan and triclocarban were also dependent 

upon stage and species.  Heart rates of larvae performed as expected in control 

organisms, with heart rates decreasing as developmental stage increased.  Exposure to 
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triclosan produced variable results in different stages and in different species.  

Triclocarban exposure however, resulted in heart rates that significantly decreased with 

increasing triclocarban concentration.  Heart rate values determined with exposure to 

contaminants in this study are important, because the heart is the first organ to function 

in vertebrates.  The differences observed in heart rate can be attributed to the presence 

of the contaminants in the developing amphibian’s environment.  Any differences 

observed indicate that the larvae were able to survive in the presence of sublethal 

concentrations of an environmental contaminant. 

Determination of metabolic rates across both species and developmental stage 

found only a few differences.  Metabolic rates of X. laevis larvae exposed to triclosan 

decreased in larvae exposed to ½ LC50 and the LC50 concentration.  Xenopus laevis 

larvae were affected by exposure to ½ LC50 concentration in three of the four stages 

investigated.  Of the three North American species investigated, with exposure to 

triclosan, only R. sphenocephala larvae had metabolic rates that were affected by 

exposure to ½ LC50 and the LC50 concentration.  In North American species, no 

significant differences were observed with exposure to triclocarban.  Metabolic rates of 

other aquatic species have found varied results in the presence of environmental 

contaminants.  However, other lipophilic contaminants have shown an overall decrease 

in metabolic rates after just two days exposure.   

 This study confirmed that triclosan and triclocarban have bioaccumulative 

properties in amphibian larvae.  Exposure to increasing triclosan and triclocarban 

concentrations resulted in an increase, for the most part, of tissue and lipid uptake of 

these contaminants.  The tissue and lipid BCF values determined were dependent upon 



129 
 

stage and species.  Because these contaminants were found to be bioaccumulative, the 

potential exists for these contaminants to proceed up the food chain and may pose 

further effects on any predators that consume them.  Additionally, adult amphibians 

pose the risk of transferring contaminants to their eggs.   

 LC50 values, due to caffeine exposure, were greater than 75,000 ug L-1 across 

four developmental stages of X. laevis. Heart rates were significantly different only in 

the two earliest developmental stages.  Larvae exposed to caffeine were able to reach 

metamorphosis at the same rate as control larvae.  Chronic exposure to caffeine 

produced heart rates that were dependent upon stage and exposure concentration. 

 Physiological changes observed in these environmental contaminants are 

important in our understanding of how contaminant exposure affects amphibian 

development.  In particular, triclosan and triclocarban are continuing to be investigated 

in a number of vertebrate species.  Triclosan has recently been found to disrupt thyroid 

hormone homeostasis in rats and X. laevis, (Veldhoen et al., 2006; Crofton et al, 2007) 

decrease the formation of androgens and reduce sperm production in rats, (Kumar et 

al., 2009) and decrease testosterone production in rats (Kumar et al., 2008).   Triclosan 

also breaks down to a more toxic metabolite, methyl-triclosan, in the environment due to 

exposure to light.  Lethal concentrations of triclosan in this study may be higher than 

environmental concentrations, but the more toxic methyl-triclosan poses an even larger 

threat on the survival of organisms in the environment (Coogan et al., 2007, 2008).  

Additionally, triclocarban has recently been categorized as a steroid hormone amplifier 

because of how it acts in response to androgen hormone receptors (Chen et al., 2008).  

Because amphibian development is influenced by the presence of thyroid hormone, the 
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potential exists for exposure to triclosan and triclocarban to cause endocrine disrupting 

effects. 

Results of this study indicate the importance of investigating environmental 

contaminants in amphibian species.  Although toxic effects of these contaminants were 

much higher than environmental concentrations, sublethal effects of contaminants were 

observed in this study.  I hope that the results of this study bring light to the public that 

the products we use and consume and can pose potential effects on amphibians in the 

environment.   
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