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ABSTRACT 

3,3',4,4'-tetrachloroazoxybenzene (TCAOB), and 3,3",4,4'-

tetrachloroazobenzene (TCAOB), which are structurally similar to 2,3,7,8-

tetrachlorodibenzo-p-dioxin (TCDD), are formed as byproducts during the 

synthesis of industrial products. They exhibit Ah receptor binding characteristics 

and activities similar to those defined for TCDD in vitro at equal moral doses. 

However, they do not express toxicities in vivo at equal molar doses. The 

reduced in vivo toxicity can possibly be attributed to differences in the absorption 

and dispositional kinetics of TCAOB and TCAB as compared to TCDD. Thus, in 

this study, the absorption and dispositional kinetics of TCAOB and TCAB were 

examined in male F-344 rats. 

To address this, the animals received ^'^C-TCAB or ^'^C-TCAOB and the 

excretion of [^"^C] was monitored over 96 hrs. For TCAB and TCAOB, the 

majority of the dose was eliminated within 48 hr regardless of the route of 

administration. The primary route of elimination was via the feces, and significant 

quantities of [^'^C] were eliminated in the urine. Pharmacokinetic parameters 

indicate that the compounds are readily cleared from the blood (TCAB: t-(/2=4 hr, 

CLs=12 ml/kg(min): TCAOB ti/2=7 hr, CLs=12 ml/kg(min)). By contrast, TCDD 

has a half-life of 16-31 days and a elimination rate of 1-2% of the [^'^CJ-dose per 

day in the bile/feces with no urinary elimination. Thus, TCAOB and TCAB are 

eliminated faster than TCDD. 
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Urinary metabolite analysis following administration of TCAOB or TCAB 

revealed a variety of dichlorolaniline conjugates, which indicates the role of azo 

reduction in their formation. Several metabolites were present in the bile 

including glucuronide conjugates of dichloroaniline (DCA) and a putative 

glucuronide of TCAB (formed from TCAOB as well as TCAB). Clearly, the azo 

bond is responsible for the enhanced elimination of TCAOB and TCAB as 

compared to TCDD. 

The removal of the intestinal flora by the antibiotic pretreatment reduced 

the total reductive activity but did not eliminate it completely. This indicated that 

the rapid metabolism and elimination of these two compounds was a result of the 

combination of azo-reduction by both gut flora and mammalian tissues. The 

production of dichloroaniline by the in vitro liver homogenate strengthens this 

conclusion. Since dichloroaniline was produced over time by the liver enzymes 

following administration of either TCAOB or TCAB, the liver thus contributes to 

the reduction of the azo bond. 
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CHAPTER ONE 

INTRODUCTION 

Chemical and Physical Properties 

3,3',4,4'-tetrachloroazoxybenzene (TCAOB) and 3,3',4,4'-

tetrachloroazobenzene (TCAB) are environmental pollutants that in 1988 were 

nominated for reproductive and developmental testing by the Environmental 

Protection Agency (EPA) (Figure 1.1). TCAOB is a yellowish-orange crystalline 

solid (chromaphore absorbance at 335 nm) with a melting point at 142.5-143.0° 

C. TCAB is a bright orange crystalline solid (chromaphore absorbance at 335 

nm) with a melting point at 158.0-158.5° C. Both compounds are highly lipophilic 

and practically insoluble in water. For TCAOB and TCAB, 50 and 25 mg are 

soluble in one liter of 95% acetonitrile, respectively, while only 1 ^ig of TCAB 

dissolves in one liter of water. 

Production of TCAOB and TCAB 

TCAOB and TCAB are not produced commercially. However, these 

chemicals are formed as byproducts during the synthesis of industrial products 

such as dichloroaniline and its herbicidal derivatives (Singh and Bingley, 1990; 

1991). Herbicides used extensively in the United States fall into three groups of 



15 

chloroaniline-derived synthetic chemicals; acylanilides, pheny(carbamates, and 

phenylureas (Hsia and Burant, 1979). Propanii , which is considered the most 

important acylanilide, is widely used in the rice-growing regions of the United 

States (Bartha and Pramer, 1970). TCAB levels In propanii can range from 1.1 to 

30 ppm (Singh and Bingley, 1991). TCAOB was found as a contaminate of 

diuron (0.3-8 ug/g), a herbicide used In com, cotton and soybeans fields in the 

Midwest regions of the United Sates (Sundstrom, 1982). Thus, soils treated with 

these herbicides have been found to contain TCAOB and TCAB residues 

(Chiska and Keamey, 1970). 

TCAOB and TCAB are also produced by soil microbial transformation of 

herbicides containing the 3,4-dichloroaniline (DCA) moiety (Figure 1.2; e.g. 

propanii, diuron, Bartha, 1968 and 1969; Keamey et al., 1970 ). Such herbicides 

have proven to be effective, selective in activity, express low mammalian toxicity, 

and are biodegradable (Weed Society of America, 1967). Bartha (1968, 1969), 

demonstrated that filtered-sterilized propanii was subjected to degradation 

showing early production and subsequent disappearance of soil DCA. The loss 

of DCA in the soil samples was followed by the accumulation of TCAB and 

TCAOB. Soils which were sterilized prior to the treatment with the filtered-

sterilized herbicide solutions failed to detect aniline or azo compounds. Thus, 

production of the dichloroaniline and the azo linked compounds was the result of 

a series of biochemical transformations mediated by soil microorganisms. 
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Environmental Presence and Exposure 

Once in the soil, TCAB and TCAOB are persistent and can be absorbed 

by the agricultural product. Kearney et al. (1970) detected TCAB in a field treated 

with propanil one year after application of the herbicide; TCAB, however, was 

confined to the upper 10 centimeters of soil. Soybean plants grown in 

contaminated soil demonstrated that TCAOB and TCAB could be translocated to 

the roots and shoots (Worobey et al., 1984). Sill (1969) showed that rice plants 

grown in the presence of TCAB were able to absorb the compound and 

translocate it to the aerial portions of the plant. 

According to these findings, possible human exposure to these azo-

containing chlorinated hydrocariDons may derive from a variety of sources (Figure 

1.3) (Keamey et al., 1970; McConnel et al., 1984; Fries, 1985; Fries and 

Paustenbach, 1990). As mentioned previously, TCAOB and TCAB accumulate in 

the soil following use of contaminated herbicides and subsequent biological 

transfomriation of the degradation products. These herbicides are also presented 

to the agricultural area by aerial spraying. This type of activity results in large 

areas of contamination. The area of contamination is expanded by spray drift 

which can further contaminate outside areas including neighboring water 

sources. Contaminated irrigation water containing the herbicides or the azo 

products assist in soil accumulation. As TCAOB and TCAB can be transferred to 

agricultural products from the contaminated soils, the consumption of these 

contaminated products or water can result in human exposure. Chlorinated 



17 

hydrocarbons are highly lipophilic, which results in bioaccumulation of these 

compounds in animal fat following exposure. Dietary intake of contaminated 

beef and milk can result in further human exposure. Inhalation exposure can 

result by wind erosion of the contaminated soil or by spray drift. This large 

potential for human exposure, via the various routes listed, makes determination 

of the disposition, elimination and toxicity of TCAOB and TCAB important. 

Exposure (Implications and Ramifications) 

Concem about exposure to TCAOB and TCAB relates to their structural 

similarity to 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD), a potent environmental 

toxicant (Figure 1.1). Both compounds exhibit toxicity and Ah receptor binding 

characteristics similar to those defined for TCDD (McMillan et a!., 1990). Like 

TCDD, TCAOB and TCAB have been shown to induce hepatic cytochrome P-

450 activity and hydrocarbon hydroxylation (AHH) activity (Poland et at., 1976). 

For example, McMillan et at. (1990) proved that the 2'-hydroxylation of propanil 

was equally induced threefold in microsomes from TCDD-, TCAB-, or TCAOB-

pretreated rats. Both TCDD and TCAB elicit the same maximal induction of AHH 

activity in the chick embryo liver following administration of equimolar doses 

(Taylor etai, 1977). 

TCAOB and TCAB also produce degenerative changes in lymphoid 

organs as characterized for TCDD (Hsia et a!., 1982). Other results from Hsia 

and Kreamer, (1985) showed that TCAB and TCAOB were capable of inducing 
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the delayed starvation-like syndronne in rats. Finally, the skin condition 

chloracne, which is associated with chlorinated aromatic hydrocarbons such as 

TCDD, has also been associated with TCAOB and TCAB following exposure. 

Taylor et a/., (1977) verified this acnegenicity following exposure to TCAOB and 

TCAB by using the rabbit ear bioassay. Outbreaks of chloracne in chemical 

company workers were attributed to exposure of TCAOB or TCAB (Taylor et al., 

1977; Scarisbrick and Martin, 1981). These toxicities are attributed to the binding 

of TCAOB or TCAB to the Ah receptor. 

The Ah Receptor Model 

The Ah receptor mediates most of the biochemical and toxicological 

events following exposure to many chemicals such as 2,3,7,8-tetraclorodibenzo-

/>dioxin (TCDD) and structurally similar molecules (Landers and Bunce, 1991). 

The receptor is a cytosolic macromolecule which, upon ligand activation, alters 

gene expression following complexation with Ah receptor-responsive elements 

on the genome. The mechanistic interactions of TCDD or its structural analogs 

with the Ah receptor are useful in developing a scientific basis for human health 

risk assessment. 

The level of toxicity following ligand binding to the Ah receptor is 

dependent on the balance between ligand characteristics. Hydrocarbons that 

bind with the greatest affinity to the Ah receptor have certain common 

physicochemical properties: they are hydrophobic, planar molecules, and have 
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similar steric, hydrogen bonding and electronic properties (Okey et al., 1994). 

The atomic Van der Walls radii of high affinity ligands fit into a 6.8 x 13.7 A 

envelope (Gillner et al., 1985). TCDD is considered the prototype for (igands 

which bind to the Ah receptor. Compounds which have similar Ah receptor 

affinity to that of TCDD have been shown to have equivalent potency (Safe etai, 

1991). The rank order of potency corresponds to the ligand affinity. TCAOB and 

TCAB have the physicochemical properties required for high receptor affinity 

binding to the Ah receptor. 

Pharmacokinetics and the Ah Receptor 

The in vivo toxicity of Ah receptor binding analogs is dependent not only 

on binding affinity but also on their pharmacokinetic parameters (Mills and 

Andersen, 1993; Okey et. al., 1994). Compounds with poor oral bioavailability 

and/or rapid metabolism demonstrate less Ah receptor mediated toxicity. A 

compound that Is readily absorbed may establish higher levels OF the Ah 

receptor. This may equate to higher levels of toxicity. Compounds that are 

extensively distributed result in a wide range of tissue alterations. Conversely, 

toxicants that are readily metabolized or otherwise rapidly cleared may express 

lower levels of toxicity. Therefore, these parameters are important when 

estimating the risk of exposure to chlorinated hydrocarbons that have structural 

similarities to the potent TCDD. 
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Pharmacokinetic Parameters for TCDD 

TCDD, like most polychlorinated dibenzo-p-dioxins and polychlorinated 

dibenzofurans, is higinly bio-persistent (Olson, 1994). The lipophilic properties of 

these compounds have led to effective transport of these chemicals into the food 

chain with pronounced accumulation at higher tropic levels, including humans. 

The oral bioavailability of TCDD is reported to be in the range of 75-80% (Piper et 

a!., 1973; Rose et al., 1976). Once in the body, TCDD is readily distributed into 

the tissues, but eventually deposits into fat. Poiger and Schlatter (1989) 

estimated that -90% of the body burden of TCDD was sequestered in the fat. 

The ultimate elimination of TCDD from the body Is relatively slow. Rose 

et. al. (1976) reported little to no [^"^C] from labeled TCDD in the urine following a 

single oral dose in male Fischer-344 rats. The fecal excretion accounted for most 

of the dose as -30 percent of the dose was eliminated in the feces within the first 

48 hours, followed by a 1-2% elimination of [^'*C] activity per day (Piper et. al., 

1973; Allen et al., 1975; Rose et. al., 1976). In both studies, the majority of the 

initial 30% was attributed to a lack of absorption. The dispositional half-life of 

TCDD ranges from 16 to 31 days after single or multiple oral doses (Rose et al., 

1976). 

Metabolism of TCDD 

For polychlorinated dibenzo-p-dioxins and polychlorinated dibenzofurans, 

the parent compound is considered the causal agent of Ah receptor-mediated 



21 

toxicity (Olson, 1994). The metabolism and subsequent elimination of these 

compounds represent a detoxification process. The rate-limiting step for the 

clearance of TCDD from the body is by its metabolic transformation (Ramsey et 

al., 1982). Ramsey et ai, (1982) showed that TCDD is transformed to a variety 

of more polar metabolites before being excreted in the bile with little to no parent 

compound present. Thus, the 1-2% of activity eliminated from the body via the 

feces represents a relatively slow metabolic process (Piper et. al., 1973; Allen et 

a/., 1975; Rose et. al., (1976). 

TCDD's resistance to biotransformation is accredited to its chemical 

structure. Specifically, TCDD contains halogen substituents (2,3,7 and 8 

positions. Figure 1.1) at sites which in their absence would be the preferred sites 

of enzymatic oxidation (Tulp and Hutzinger, 1978). Structural analogs, such as 

2,3,7,8-tetrachlorodibenzofuran or 2,3,7,8-tetrabromodibenzo-p-dioxin, which 

have halogens in the same position, are equally as resistant to metabolism 

(Poiger eta!., 1989; Kedderis etaL, 1980). 

For TCDD, the dog is the only species which is capable of breaking both 

oxygen bridges that hold the two benzene rings together (Poiger and Buser, 

1984), However, the canine model in general is not considered a good model to 

use in terms of relevance for man. The dog is different from most species in that 

it metabolizes most chlorinated hydrocariDons to a much greater extent. Thus, for 

all other species, the ether bonds of TCDD are relatively stable which leads to 

compound resistance to biotransformation. 
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Structural Comparisons of TCAOB, TCAB and TCDD 

Like TCDD, TCAOB and TCAB posses chlorine substituents at the 

favored sites of enzymatic oxidation (Figure 1.1). Therefore, metabolic activity via 

the route characteristic for TCDD would be as equally slow and limited for 

TCAOB and TCAB. However, TCAOB and TCAB posses stnjctural features 

which may enhance their bioavailability, metabolism and elimination. These 

differences are the azoxy and azo linkages, which are susceptible to azo 

reduction (Figure 1.1). 

Azo Reduction 

Azo reduction is largely catalyzed by intestinal microflora under anaerobic 

conditions to produce aromatic amines. However, studies show that enzymes in 

the liver can also cleave the azo bond as well (Hernandez et al., 1967; Walker, 

1970; Soliem and Scheline, 1972; Das and Dubin, 1976; Chung and Stevens, 

1992). These studies have provided evidence that under in vivo conditions the 

intestinal microflora is the main contributor to azo reduction with mammalian-

catalyzed cleavage being of lesser consideration. These azo-reduced 

derivatives can possibly undergo extensive absorption, further metabolism and 

subsequently rapid elimination in the urine. Koa et ai. (1978) reported that 77% 

of the urinary metabolites were eliminated as sulfate conjugates following the 

administration of dichloroaniline. This study also showed that, 70% of the total 

eliminated urinary metabolites underwent N-acetylation prior to elimination. 
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These studies also showed that after 3 h, 50% of the administered dose was 

eliminated in the urine indicating a rapid elimination. Within 24 hr, 96% of the 

aniline dose unden^^ent urinary elimination. Therefore, the susceptibility of 

TCAOB and TCAB to azo reduction can increase the elimination of these 

compound by the formation of rapidly eliminated products of the reductive 

metabolism. 

Statement of the Problem 

Concem about exposure to TCAOB and TCAB relates to their ability to 

exhibit toxicity and Ah receptor binding characteristics similar to those defined for 

TCDD (McMillan etal., 1990). TCAOB and TCAB produce degenerative changes 

in lymphoid organs as characterized for TCDD (Hsia et al., 1982). Results from 

Hsia and Kreamer, (1985) showed that TCAB and TCAOB were capable of 

inducing the characteristic delayed starvation-like syndrome in rats. For these 

studies the compounds were administered via an intraperitoneal injection. It 

should also be noted that higher concentrations of TCAOB and TCAB were given 

as compared to TCDD to invoke the characteristic toxic responses which were 

also not as pronounced as compared to TCDD. 

In vitro, both TCDD and TCAB elicit the same maximal induction of AHH 

activity in the chick embryo liver following administration of equimolar doses 

(Taylor et al., 1977). Poland et al. (1976) compared the induction of the hepatic 
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aryl hydrocarbon hydroxylase by (AHH) TCAOB or TCDD using the in vitro 

chicken embryo model and the in vivo C57BL/6J mouse model. Like TCDD, 

TCAOB equally induced the AHH activity in the chicken embryo assay (ED50 

nmole/kg; TCDD = 0.31, TCAOB = 0.45). However, when administered orally into 

the CSTBL/SJ mouse, the ED50s were significantly different (TCDD = 0.9, 

TCAOB = 8200 nmole/kg). Thus, it appears that the degree of toxicity following 

an oral exposure to TCAOB or TCAB will depend largely on their absorption and 

dispositional kinetics. 

Research Objective 

TCDD is highly bio-persistent and has a relatively slow elimination from 

the body. It is anticipated that the absorption, distribution and metabolism 

kinetics of TCAOB and TCAB will be significantly different when compared to 

TCDD, and that these differences are based on the structural features of these 

compounds. Thus, the overall working hypothesis of this dissertation is as 

follows; The rapid metabolism and elimination of TCAOB and TCAB as 

compared to TCDD areativ reduces their potential to elicit Ah receptor-mediated 

events. 

Comparisons of the kinetics of TCAOB and TCAB were made to 

corresponding TCDD values available in scientific literature. TCDD, which is 

considered to be one of the most toxic chemicals, has been extensively studied 
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by the scientific community and the kinetics of its absorption, distribution and 

metabolism are well studied. 

Experimental Aims 

Four aims were developed to address the overall hypothesis. Experiments 

were designed to address each aim. These four experimental aims are as 

follows: 

First Aim 

1) To determine the overall rate of elimination of TCAOB and TCAB. 

To address this first aim, a study was designed to detemriine the 

disposition and elimination of TCAOB and TCAB in male Fischer-344 rats. To 

accomplish this, [^'^CJ-labeled TCAOB or TCAB were administered orally or 

intravenously to male Fischer-344 rats and the elimination of [^^^C] label was 

monitored over time. In addition, tissue deposition of radioactive label was 

determined after 96 hr. 

Second Aim 

2) To calculate the pharmacokinetic parameters of TCAOB and TCAB. 
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It was expected that the measured values would indicate a rapid 

elimination. To accomplish this, TCAOB or TCAB was administered orally or 

intravenously to male Fischer-344 rats and whole blood concentrations 

measured over time. Phamnacoklnetic parameters were extrapolated from 

graphs generated by plotting the log of the whole blood concentration versus 

time. 

Third Aim 

3) To test that the elimination differences of TCAOB or TCAB as 

compared to TCDD were a consequence of structural differences 

between these compounds. 

The goal of these experiments was to identify and compare the urinary 

and biliary metabolites following elimination. The nature of the metabolites 

would indicate if indeed different metabolic sites were involved. Thus, two 

separate studies were designed to determine the identity of the metabolites of 

TCAOB and TCAB eliminated in urine and bile following administration to male 

Fischer-344 rats. 

The urinary samples were subjected to HPLC procedures for separation 

of the various metabolites and the individual peaks identified by LC/MS 

methodology. To measure biliary elimination and identify the metabolites, [^'^Cj-
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labeled TCAOB and TCAB were administered to male Fischer-344 rats and bile 

collected over time. Biliary metabolites was identified by GC/MS methodology. 

Fourth Aim 

4) To characterize the reduction of the azo bond of TCAOB or TCAB and 

identify the locus of that activity. 

The final goal was to detemriine if azo reduction of TCAOB and TCAB is 

mediated by enzymes in intestinal microorganisms only or by a combination of 

the enzyme activity in intestinal microorganisms and those located in mammalian 

tissues. To accomplish this, [^'^Cj-labeled TCAOB and TCAB were administered 

to male Fischer-344 rats following pretreatment with an oral antibiotic mix and 

elimination of the [^'^C] label was monitored over time. Pretreatment with oral 

antibiotics has been shown to result in elimination of the gut flora and its 

associated azo-reduction. Loss of eizo reduction would then be expected to lead 

to loss of urinary elimination of chioroaniline metabolites. The formation of 

dichloroaniline metabolites following a dose of TCAOB or TCAB was also 

investigated using in vitro male Fischer-344 rat liver methodology. 
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Figure 1.1. Cliemical structures of TCAOB, TCAB and TCDD 
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Figure 1.2b. Basic metabolic pathway of TCAB formation from propanil by soil 
microorganisms. 
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Figure 1.3. Possible routes of human exposure for TCAOB and TCAB. 
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CHAPTER TWO 

ABSORPTION, DISPOSITION AND ELIMINATION KINETICS OF [^''C]-

3,3',4,4'-TETRACHLOROAZOXYBENZENE (TCAOB) AND [^'*C]-3,3',4,4'-

TETRACHLOROAZOBENZENE (TCAB) FOLLOWING A SINGLE ORAL OR 

INTRAVENOUS DOSE IN MALE FISCHER-344 RATS. 

INTRODUCTION 

As mentioned previously, TCAOB and TCAB are structural similar to 

TODD. This structural similarity makes TCAOB and TCAB of great concem 

considering the known properties of TCDD. TCAOB and TCAB can exhibit 

similar toxicity and Ah receptor binding characteristics to those defined for TCDD 

in vitro and to a lesser extent in vivo. (McMillan et al., 1990; Poland et al., 1976). 

The Ah receptor mediates most of the biochemical and toxicologlcal events after 

exposure to many chemicals such as TCDD and structurally similar molecules 

(Landers and Bunce, 1991). The mechanistic interactions of TCDD or its 

structural analogs with the Ah receptor are useful in developing a scientific basis 

for human health risk assessment. 

The level of toxicity following ligand binding to the Ah receptor is 

dependent on the balance of ligand characteristics. TCDD is considered the 

prototype for ligands which bind to the Ah receptor. Compounds which have 
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similar Ah receptor affinity to that of TCDD have been shown to have equivalent 

potency (Safe et al., 1991). The rank order of potency corresponds to the ligand 

affinity. 

However, the in vivo toxicity of Ah receptor binding analogs is dependent 

not only on binding affinity but also on their kinetic parameters (Mills and 

Andersen, 1993; Okey et al., 1994). Therefore, it is critical to understand the 

kinetic parameters when estimating the risk of chemical exposure to chlorinated 

hydrocarbons that have structural similarities to the potent TCDD. 

This study was designed to detemriine the absorption, disposition, and 

elimination kinetics of TCAOB and TCAB. To accomplish this, [^"^CJ-labeled 

TCAOB or TCAB was administered orally or intravenously in the male Fischer-

344 rat and the elimination of the [^'^C] was monitored over time. Tissue 

deposition after 96 hr was also determined for each compound at each dose. 

Also, TCAOB and TCAB were administered orally or intravenously in the male 

Fischer-344 rat and the whole blood concentration measured over time. 

Pharmacokinetic parameters where extrapolated from the blood concentration vs 

time semilogrithmic graphs. 
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METHODS AND MATERIALS 

Chemicals 

TCAOB and TCAB (Baxter Scientific Products, McGraw Park, IL) were 

obtained from the NTP Chemical Repository. These were used throughout this 

body of work. Prior to experimentation, purity was determined to be > 98 % by 

reverse phase HPLC using a 250 x 4.6 mm Cis Adsorbosphere 5}j column. The 

column effluent was monitored by UV/VIS (Spectra-Physics, Model Spectra 100, 

San Jose, CA) detector at a wavelength of 335 nm. [U-^'^C]-TCAOB (specific 

activity 0.60 mCi/mmol) and [U-^'*C]-TCAOB (specific activity 7.12 mCi/mmol) 

were obtained from NEN Research Products (Boston, MA). The radiochemical 

purity of the compound was confirmed by the reverse phase HPLC system 

mentioned above and a 3-RAM® Flow-Through Monitor (INUS Systems, Model 

IB, Tampa, Fl) arranged in series, (radiochemical purity > 98%). 

Animals 

Male Fischer-344 rats (200-250g) were obtained from Harlan Sprague 

Dawley, Inc. (Indianapolis IN). JVC rats were obtained from Hilltop Lab Animals, 

Inc. (Scottdale PA). The animals were housed in wire mesh cages at an ambient 

temperature of 21-22 °C, a 12 hr light/dark cycle and allowed free access to 

Teklad 4% mouse/rat diet (Harlan Teklad, Madison Wl) and water. The 



cannulae of the JVC rats were flushed daily with 100 |j.L of a 1:1 heparin (1000 

units)-saline solution to prevent blockage. 

Oral Disposition Study 

^'^C-TCAOB (3.4 and 34 mg/kg, 50 pCi/kg) or ^''C-TCAB (3.2 and 32 

mg/kg, 50 pCi/kg) in com oil was administered by oral gavage (5 ml/kg) to 

Fischer-344 rats. After administration the animals were then placed in Nalgene™ 

metabolic cages for collection of urine and feces throughout the study period and 

had free access to food and water. Excretion of the radiolabel was monitored in 

urine (total collection at 6, 12, 24,48, 72, and 96 hr) and feces (total collection at 

24, 48, 72, and 96 hr). Radioactivity in the urine was determined directly by 

liquid scintillation counting. Determination of in the feces was accomplished 

by sample oxidation followed by liquid scintillation counting (Winter et al., 1980; 

Ziegler etal., 1996). 

At the end of 96 hr, the animals were subjected to euthanasia by 

inhalation of carbon dioxide. Blood was collected immediately from the inferior 

vena cava into heparinized syringes. Following, the tissues (brain, subcutaneous 

and testicular fat, heart, kidneys, large intestine, liver, lung, muscle, skin, small 

intestine, spleen, stomach, and testes) were harvested and intestinal contents 

collected. Tissues and feces were analyzed for radioactivity by combustion of 

samples to using a Packard Oxidizer Model 306 (Winter et al., 1980; 

Ziegler et al., 1996). The trapped was then detemnined by liquid 



scintillation counting. To determine the percent of dose in the tissues, body 

composition estimates of 11% for adipose tissue, 9% for blood, 50% for muscle, 

and 16% for skin were used (Matthews and Anderson, 1975; Bimbaum et al., 

1980). 

Intravenous Disposition Study 

^'^C-TCAOB (3.4 mg/kg, 50 MCi/kg) or ^'^C-TCAOB (3.2 mg/kg, 50 MCi/kg) 

were administered intravenously (2 ml/kg) to the cannulated animals via the right 

jugular vein (over 5 sec) followed by an equal volume of normal saline. The 

animals were housed as described above. The dosing solution consisted of 

emulphor: ethanol: water, 1:1:1 (v/v/v). Excretion of the radiolabel was monitored 

in urine (6, 12, 24, 36, 48, 60, 72, 84, and 96 hr) and feces (12, 24, 36, 48, 60, 

72, 84, and 96 hr) over 96 hr. The levels of radioactivity in the urine, and feces 

were determined as described above. At 96 hr, the animals were euthanasia, 

blood and tissues collected, and radioactivity determined as described above. 

Pharmacokinetic Studies 

TCAOB or TCAB was administered intravenously into the jugular vein (3.4 

or 3.2 mg/kg for TCAOB and TCAB, respectively, 2 ml/kg) or orally (34 or 32 

mg/kg for TCAOB and TCAB, respectively, 5 ml/kg) to the jugular vein 

cannulated animals. Intravenous dosing vehicle was the solution of emulphor: 

ethanol: water, 1:1:1 (v/v/v). The oral dose was in a com oil matrix. Blood 



samples (0.3 ml) were collected at selected times (0, 5, 10, 20, 30 min, 1, 2, 3, 

4, 5, 6, 8, 10, 12,14 and 18 hr). An equal volume of saline was administered to 

replace the volume of blood withdrawn. The parent compound was extracted 

three times with 1 ml of hexane from whole blood following protein precipitation 

by 1 N KOH (extraction efficiency > 95%). 3,3',4,4',5,5'-Hexachlorobiphenyl was 

added as an internal standard to the hexane extracts. Following evaporation of 

the hexane, the samples were reconstituted with 50 nl of hexane and subjected 

to gas chromatographic analysis. Aliquots (1^.1) of the hexane extract were 

injected (Inj. Temp = 250°C) onto a DB-5 capillary column (1 |im film, 2.5 mm i.d. 

30 m) linked to an ECD detector (Det. Temp = 280°C). The oven was 

maintained at 200°C for 2 min following injection, increased at a rate of 10°C/min 

to 280°C and then held at that temperature for 20 min. The limit of detection for 

TCAOB and TCAB was 0.5 ng/ml. TCAOB and TCAB standards were prepared 

in whole blood and extracted simultaneously with samples. 

Data Analysis 

Blood concentration-time data were analyzed by using noncompartmental 

methods. The apparent first order disposition rate constant (K) was estimated 

from the temiinal log-linear phase using linear least squares regression. The 

half-life was calculated from the apparent K {\vz = 0.693/K). The total area under 

the concentration-time curve (AUG) was calculated using the linear trapezoidal 
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rule with extrapolation to infinity. Systemic clearance (CLs) and apparent volume 

of distribution (Vd) were calculated as follows: 

CLs = i-v. dose/AUC Vd = CLs/K 

The absolute or systemic bioavailability (F) was calculated as follows: 

F = Xiv(AUCoral)/Xoral(AUCiv) 

where Xiv and Xorai are the i.v. and oral dose, respectively. The blood 

concentration-time data were also analyzed by compartmental analysis using the 

SIMUSOLV® program (SIMUSOLV®,1989). 
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RESULTS 

Oral Disposition of TCAOB (3.4 and 34 mg/lcg dose) 

14 
The elimination of the C label following oral administration of 

TCAOB was investigated. The pattern of excretion over 96 hr for both doses 

(3.4 and 34 mg/kg) was similar (Figures 2.1 and 2.2). The majority of the 

radiolabel was excreted within 48 hr. The 10-fold difference in dose had little 

effect on the rate constant or route of elimination. At the end of the 96 hr 

collection period, 84%-90% of the dose was eliminated (Table 2.1). The primary 

route of elimination was via the feces (-55% of the dose), whereas excretion 

into the urine accounted for 30-35% of the dose. The percent of dose remaining 

in the tissues examined at 96 hr was 4% and 7% for the 3.4 and 34 mg/kg dose 

respectively (Table 2.1). Only the adipose tissue contained a substantial quantity 

of the radiolabel (Table 2.2). At that time, the adipose tissue:blood ratio values 

were 8 and 26 for the 3.4 and 34 mg/kg oral doses, respectively. This 

corresponds to -2% of the dose for the 3.4 mg/kg dose and -5% for the 34 

mg/kg dose. 

Intravenous Disposition of TCAOB (3.4 mg/kg dose) 

Following intravenous administration, the pattem of elimination was similar 

14 
to that obtained after oral administration (Figure 2.3). The majority of the [ C]-

label was again excreted by 48 hr and the primary route of elimination was via 



the feces (52% of the dose). When compared to oral administration, a 

greater percentage of the dose was eliminated in the urine (41% of the 

dose) following intravenous administration. More radioactivity remained in the 

tissues after the intravenous dose (12%) than after either oral doses (4-7%) 

(Table 2.1). Adipose tissue had the highest tissuerblood ratio (T/B Ratio value of 

21 or 9% of the dose) with a total of 12% of the dose remaining in the tissues 

examined at the 96 hr end point (Table 2.2). 

Oral Disposition of TCAB (3.2 and 32 mg/kg dose) 

14 
Elimination of the C label following oral administration of [^'^C]-TCAB 

closely followed that characterized for TCAOB (Figures 2.4 and 2.5). The 

majority of the radiolabel was excreted within 24 hr for both doses (3.2 and 32 

mg/kg), however. At 96 hr, 95%-98% of the dose was eliminated in the feces and 

urine (Table 2.1). The primary route of elimination was via the feces, which 

accounted for -53-56% of the dose. Excretion in the urine accounted for 30-

35% of the dose. The percent of dose remaining in the tissues examined at 

96 hr was 5% and 6% for the 3.2 and 32 mg/kg dose, respectively (Table 2.1). 

Following oral administration, adipose tissue contained a substantial quantity of 

the radiolabel. However, for TCAB, the kidney appeared to participate in 

bioaccumulation (Table 2.3). At the 96 hr end point, the adipose tissueiblood 

ratio values were 2 and 11 for the 3.4 and 34 mg/kg oral doses, respectively, 

with the kidney having values of 1 and 3. These values correspond to -2% of 



the dose for the 3.2 mg/kg dose and -4% for the 32 mg/kg dose remaining in 

adipose tissue. For the kidney, these values correspond to 0.14 and 0.15 

percent of the dose for the 3.2 and 32 mg/kg dose, respectively. 

Intravenous Disposition of TCAB (3.2 mg/kg dose) 

The pattem of administration following intravenous administration of 

TCAB was similar to that obtained after the oral administrations of TCAOB or 

TCAB and to that of the TCAOB intravenous dose. (Figure 2.6). The majority of 

14 
the [ C]-label was excreted by 24 hr. The primary route of elimination was via 

the urine (42% of the dose). Fecal elimination accounted for 30% of the dose. 

Again, more radioactivity remained in the tissues after the intravenous dose (9%) 

than after either oral doses (5-6%) (Table 2.1). At 96 hr following Intravenous 

administration, the majority of [^'^C] was found in the adipose tissue and to a 

lesser extent in the kidney (Table 2.3). The tissueiblood ratio values were 4 and 

2 for the adipose tissue and kidney, respectively. This corresponds to -6% of 

the dose for the adipose tissue and -0.2% for the kidney. 

TCAOB Pharmacokinetic Study 

Intravenous Dose Parameters 

The pharmacokinetic parameters of intact TCAOB were calculated from 

whole blood concentrations. The average TCAOB whole blood concentrations 



over time following a single intravenous (3.4 mg/kg) dose Is illustrated in Figure 

2.7. TCAOB could be quantified in blood for up to 14 hr. Analytical values 

obtained beyond 14 hr were considered unreliable due to sample clotting or 

values falling near or below the limit of detection. The disappearance of the 

compound from whole blood was biphasic (Figure 2.7). The calculated terminal 

disposition ti/2 using the data represented in Figure 2.7 was 6.9 ± 2.6 hr (Table 

2.4). The systemic clearance for TCAOB was 12.1 ±1.8 ml/(min)kg and the 

volume of distribution was 8.2 ± 3.7 Ukg (Table 2.4). 

TCAOB Oral Dose Parameters and Bioavailability 

The average whole blood concentrations of TCAOB following a single oral 

(34 mg/kg) dose are illustrated in Figure 2.8. This graph depicts both the 

absorption and elimination phases of TCAOB. The calculated t-|/2 was 3.8 ± 0.9 

hr and the clearance was 145.5 ± 44.3 ml/(min)kg (Table 2.4). Bioavailability was 

calculated using the AUC values for the blood levels following a single iv and oral 

dose (Figure 2.7 and 2.8). From these data, the bioavailability was calculated to 

be 9%. The chromatograms following GC analysis did not indicate the presence 

of the structural analog TCAB over the time of analysis. 
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TCAB Pharmacokinetic Study 

Intravenous Dose Parameters 

The intravenous pharmacokinetic parameters of intact TCAB are 

extrapolated from the average whole blood concentrations (Figure 2.9). The 

disappearance of TCAB from whole blood was also biphasic. From the data 

presented in Figure 2.9, the calculated ti/2 for TCAB was 4.0 ± 0.4 hr. The 

systemic clearance for TCAB was found to be 12.3 ± 5.0 ml/(min)kg. The 

volume of distribution was 4.3 ± 2.0 Ukg (Table 2.4). The whole blood values fell 

below the level of detection after 14 hr. 

TCAB Oral Dose Parameters and Bioavailability 

The average TCAB whole blood concentrations over time following a 

single oral (32 mg/kg) dose are illustrated in Figure 2.10. The calculated ti/2 for 

TCAB was 3.3 ± 0.4 hr with a clearance of 37.4 ± 6.3 ml/(min)kg (Table 2.4). 

Bioavailability was again calculated using the AUC values from the blood levels 

obtained following the oral and i.v. dose (Figure 2.9 and 2.10). From these data, 

the bioavailability was calculated to be 30%. The chromatograms following GC 

analysis did not indicate the presence of the structural analog TCAOB over the 

time of analysis. 
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Figure 2.1. Cumulative excretion of total radioactivity in the urine (•) and feces 
(•) following oral administration of [ C]-TCAOB (3.4 mg/kg) to 
male Fischer-344 rats. Data expressed as mean ± S.D. (n=4). 
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Figure 2.2. Cumulative excretion of total radioactivity in the urine (•) and feces 
(•) following oral administration of [^'^C]-TCAOB (34 mg/kg) to male 
Fischer-344 rats. Data expressed as mean ± S.D. (n=4). 



45 

8 80. 
O 
Q 

•>5 
S' 60-
C 

40-

20-

O 1 1 1 ^ 1 ' 1 

0 24 48 72 96 

Time (hour) 

Figure 2.3. Cumulative excretion of total radioactivity in the urine (•) and feces 
(•) following i.v. administration of [^'^Cl-TCAOB (3.4 mg/kg) to male 
Fischer-344 rats. Data expressed as mean ± S.D. (n=3). 
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Figure 2.4. Cumulative excretion of total radioactivity in the urine (•) and feces 
(•) following oral administration of [^'^CJ-TCAB (3.2 mg/kg) to male 
Fischer-344 rats. Data expressed as mean ± S.D. (n=4). 
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Figure 2.5. Cumulative excretion of total radioactivity in the urine (•) and feces 
(•) following oral administration of [^'^C]-TCAB (32 mg/kg) to male 
Fischer-344 rats. Data expressed as mean ± S.D. (n=4). 
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Figure 2.6. Cumulative excretion of total radioactivity in the urine (•) and feces 
(•) following i.v. administration of [^'^G]-TGAB (3.2 mg/kg) to male 
Fischer-344 rats. Data expressed as mean ± S.D. (n=3). 
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Figure 2.7. Blood concentrations of TCAOB as a function of time in male 
Fischer-344 rats following intravenous (3.4 mg/kg) administration. 
The solid line represents the non-linear regression analysis of the 
data. Data expressed as mean ± S.D. (n=3). 
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Figure 2.8. Blood concentrations of TCAOB as a function of time in male 
Fischer-344 rats following oral (34 mg/kg) administration. The solid 
line represents the non-linear regression analysis of the data. Data 
expressed as mean ± S.D. (n=3). 
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Figure 2.9. Blood concentrations of TCAB as a function of time in male 
Fischer-344 rats following intravenous (3.2 mg/kg) administration. 
The solid line represents the non-linear regression analysis of the 
data. Data expressed as mean ± S.D. (n=3). 
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Figure 2.10. Blood concentrations of TCAB as a function of time in male 
Fischer-344 rats following intravenous (32 mg/kg) administration. 
The solid line represents the non-linear regression analysis of the 
data. Data expressed as mean ± S.D. (n=3). 
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Table 2.1 

Percent of dose as represented by ^''C after 96 hr 

Oral Administration iV Administration 

TCAOB TCAB TCAOB TCAB 

3.4 34 3.2 32 3.4 3.2 
mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg 

Urine: 35% 30% 39% 45% 41% 42% 

Feces: 55% 54% 56% 53% 52% 30% 

Tissues: 4% 7% 5% 6% 12% 9% 

Total: 94% 91% 100% 104% 105% 81% 



Table 2.2 
Tissue to blood ratios of total radioactivity at 96 hr in male Fischer 344 rats following 
administration of a single oral dose of [^''C]-TCAOB (3.4 mg/kg or 34 mg/kg) or a single 
intravenous dose (3.4 mg/kg). 

Tissue 3.4 mg/kg (p.o.) 34 mg/kg (p.o.) 3.4 mg/kg (i.v.) Tissue 
TIB Ratio® % Dose T/B Ratio® % Dose T/B Ratio® % Dose 

Blood 1.00 0.417 1.00 0.293 1.00 0.345 
Brain 0.06 0.003 0.06 0.002 0.06 0.003 
Adipose Tissue'' 8.02 2.154 25.87 4.961 20.54 9.284 
Heart 0.32 0.005 0.34 0.005 0.45 0.007 
Kidney 2.04 0.096 3.21 0.106 4.09 0.164 
Large Intestine 0.89 0.053 2.50 0.093 4.30 0.171 
Liver 1.12 0.269 1.49 0.251 1.79 0.396 
Lung 1.00 0.029 0.89 0.020 4.16 0.109 
Muscle 0.14 0.375 0.26 0.474 0.50 1.064 
Skin 0.41 0.338 0.57 0.336 0.78 0.544 
Small Intestine 0.74 0.064 0.57 0.101 2.47 0.145 
Spleen 0.43 0.006 0.65 0.007 0.54 0.010 
Stomach 0.51 0.055 1.48 0.034 0.95 0,025 
Testes 0.18 0.012 0.41 0.019 0.27 0.015 

The tissue burden of total radioactivity derived from the dosed compound was calculated from estimates of 
the fraction of body weraht for blood (9%), muscle (50 %), skin (16%), and adipose (11%). 

® Mean ratio of C in tissue to in blood. 
^ testicular and subcutaneous adipose tissue. 



Table 2.3 
Tissue to blood ratios of total radioactivity at 96 hr in male Fischer 344 rats following 
administration of a single oral dose of [^"^Cj-TCAB (3.2 mg/kg or 32 mg/kg) or a single 
intravenous dose (3.2 mg/kg). 

Tissue 3.2 mg/kg (p.o.) 32 mg/kg (p.o.) 3.2 mg/kg (i.v.) Tissue 
T/B Ratio® % Dose T/B Ratio® % Dose T/B Ratio® % Dose 

Blood 1.00 1.168 1.00 0.514 1.00 1,004 
Brain 0.04 0.004 0.07 0.004 0.06 0.002 
Adipose Tissue" 2.38 2.010 11.42 3.603 3.84 5.546 
Heart 0.31 0.014 0.28 0.006 0.37 0.016 
Kidney 1.12 0.140 2.71 0.154 1.75 0.224 
Large Intestine 0.43 0.055 0.78 0.045 0.84 0.101 
Liver 0.52 0.331 0.98 0.293 0.65 0.403 
Lung 0.84 0.054 0.99 0.033 0.88 0.064 
Muscle 0.14 0.049 0.23 0.737 0.17 0.005 
Skin 0.42 0.975 0.32 0.327 0.64 1.287 
Small Intestine 0.44 0.089 0.65 0.601 0.53 0.105 
Spleen 0.29 0.010 0.41 0.007 0.27 0.011 
Stomach 0.32 0.022 0.46 0.015 0.69 0.056 
Testes 0.26 0.043 0.20 0.016 0.26 0.043 

The tissue burden of total radioactivity derived from the dosed compound was calculated from estimates of 
the fraction of body weight for blood (9%), muscle (50 %), skin (16%), and adipose (11%). 

® Mean ratio of in tissue to in blood. 
testicular and subcutaneous adipose tissue. 



56 

Table 2.4 

Pharmacokinetic Parameters* 
TCAOB TCAB 

Intravenous (3.4 mg/kg) Intravenous (3.2 mg/kg) 

Systemic Clearance = 12.1 ±1.8 
(ml/min(kg)) 

Systemic Clearance = 12.3+5.0 
(ml/min(kg)) 

Volume of distribution = 8.2±3.7 
(liters/kg) 

Volume of distribution = 4.3±2.0 
(liters/kg) 

Half life = 6.9±2.6 hr Half life = 4.0±0.4 hr 

Oral (34 mg/kg) Oral (32 mg/kg) 

Systemic Clearance = 145.5+44.3 
(ml/min(kg)) 

Systemic Clearance = 37.4±6.3 
(ml/min(kg)) 

Half life = 3.810.9 hr Half life = 3.3±0.4 hr 

Bioavailability = 9% Bioavailability = 30% 

*Parameters calculated from linear extrapolation of graphs in Figures 3.1 - 3.4. 

i 
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DISCUSSION 

In contrast to TCDD, TCAOB and TCAB are readily eliminated from the 

body. The routes and pattem of elimination found in this study for 3,3',4,4'-

tetrachioroazobenzene (TCAB) and 3,3',4,4'-tetrachloroazoxybenzene (TCAOB) 

are similar to each other. However, the elimination characterized for the 

structural analog 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) is different. Rose et. 

al. (1976) reported little to no [^'^C] from labeled TCDD in the urine following a 

single oral dose. Most of the [^'^C] was found in the feces. Approximately 30 

percent of the dose is eliminated in the feces within the first 48 hr followed by a 1 -

2% elimination of [^'^C] activity per day (Piper et. a/., 1973; Allen etal., 1975; Rose 

et. al., 1976). In both studies, the majority of the initial 30% is attributed to a lack 

of absorption. The dispositional half-life of TCDD ranges from 16 to 31 days after 

single or multiple oral doses (Rose et al., 1976). Clearly, the dispositional 

elimination is much longer than that of TCAOB and TCAB. 

For TCAB and TCAOB, the majority of the dose was eliminated within 48 

hr regardless of the route of administration. The primary route of elimination was 

via the feces. However, unlike TCDD, significant levels of [^^C] was eliminated in 

the urine as well. The differences in the dispositional elimination may, in part, be 

attributed to the metabolic rates between TCAOB or TCAB to TCDD and their 

structural differences. 
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TCDD is transformed to a variety of more polar metabolites before being 

excreted in the bile (Ramsey et al., 1982), Since all of the radioactivity eliminated 

In the bile following administration of radiolabeled TCDD has been identified as 

changed TCDD with little to no parent compound present, it has been determined 

that the rate-limiting step for the clearance of TCDD from the body is by its 

metabolic transformation. Ramsey et al. (1982) also concluded that enterohepatic 

recycling does not play a role in the retention of the [^'^C] in the body following 

administration of [^"^CJ-TCDD. Thus, the 1-2% of activity eliminated in the feces 

following the administration of radiolabeled TCDD as observed by Piper et. al. 

(1973), Allen et al. (1975), and Rose et. al., (1976) indicates that this metabolic 

transfonnation is a relatively slow process. 

TCAOB and TCAB appear to be examples of chemicals whose toxicities 

are govemed by their pharmacokinetic parameters. Poland et al. (1976) showed 

that TCAOB and TCAB can bind in vitro to the Ah receptor with equivalent affinity 

to that of TCDD. The Ah receptor mediates the biochemical and toxicological 

events associated with exposure and TCDD is considered the prototype for 

ligands which bind to the Ah receptor (Landers and Bunce, 1991). Also, TCAOB 

and TCAB can cause similar toxicities to those produced by TCDD. As 

mentioned previously, both compounds cause Ah receptor-mediated events such 

as thymic atrophy and body wasting in rats, cleft palate fonnation in mice, and 

rump edema in chicken fetuses. However, following oral administration, these 
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compounds are less potent than TCDD (Hsia etal., 1980; Schrankel etal., 1982; 

Hassoun etal., 1984). 

The in vivo pharmacokinetic characteristics play a significant role in the 

determination of the overall toxicity of Ah receptor binding analogs (Mills and 

Andersen, 1993; Okey et al., 1994). For polychlorinated dibenzo-p-dioxins and 

polychlorinated dibenzofurans, the parent compound is considered the causal 

agent of toxicity (Olson, 1994). The metabolism and subsequent elimination of 

these compounds represent a detoxification process. It appears then, that the 

extent of a compound's bioavailability and/or rate of metabolism dictate Ah 

receptor-mediated toxicity. 

The decreased in vivo toxicity of TCAOB and TCAB can be attributed to 

differences in their bioavailability and metabolism. As demonstrated in this 

study, TCAOB and TCAB have an oral bioavailability of 9% and 30%, 

respectively. These bioavailability values are much lower than the oral 

bioavailability of TCDD, which is reported to be 75-80% (Piper et al., 1973; Rose 

et al., 1976). TCAOB and TCAB have a ti/2 of 7 and 4 hr, respectively, which are 

considerably less than that for TCDD (16 to 31 days. Rose et al., 1976). Thus, 

following oral administration of equal molar doses, much less parent molecule 

would be present in the systemic circulation following TCAOB or TCAB as 

compared with TCDD. Since it is the parent molecule that interacts with the Ah 

receptor, the dose of TCAOB or TCAB available at tissue receptor sites will be 
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reduced. This would reduce the toxicity mediated by interaction with the 

receptor. 

The structural features of TCAOB and TCAB that account for their 

reduced oral bioavailability are the azoxy and azo linkage. These bonds can 

undergo reduction to yield dichloroaniline derivatives. These derivatives can then 

undergo extensive absorption and further metabolism (Koa et a!., 1978). 

Evidence that TCAOB undergoes reduction is the excretion of chloroaniline 

derivatives in the urine (Piilia eta!., 1996; Ziegler etai, 1996). Such reduction of 

TCAOB and TCAB would certainly decrease their bioavailability and reduce their 

potential for Ah receptor-mediated toxicities. Therefore, TCAB and TCAOB 

appear to be more susceptible to metabolism and are eliminated at a faster rate 

than the more slowly eliminated TCDD. 

Although the bioavailability is an important consideration when a 

compound is given orally: it is not a factor following i.v. administration. As 

mentioned, TCAOB and TCAB can mimic TCDD-related toxicities. TCAOB or 

TCAB administered by an intraperitoneal dose can induce the TCDD toxicities 

such as the delayed body wasting syndrome, thymic atrophy, and alter liver 

enzymes (Hsia and Kreamer, 1985). Additionally, Hsia et al. (1982) found that 

rats treated with TCAOB exhibited more severe toxic effects than TCAB treated 

rats. In this study, the ratio of liver weight to body weight following TCAOB (as 

compared to control) was greater than that detennined following administration 

of TCAB treated rats. Also, body wasting and thymic atrophy was more severe in 
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the TCAOB treated rats as compared to the TCAB rats. Thus, it appears that 

TCAOB expresses Ah receptor-mediated activity to a greater extent than TCAB 

following administration of equal molar doses. 

The differences in the level of toxicity between these structurally similar 

compounds can possibly be explained by the differences in their pharmacokinetic 

parameters. The i.v. route of administration is of little significance when 

considering the route of exposure following environmental contact. However, it is 

necessary for the evaluation of pharmacokinetic parameters. The whole blood 

elimination half-life for TCAOB (ti/2 = 7 hr) is -2x that for TCAB (ti/2 = 4 hr;). The 

longer half-life will result in an extended duration of exposure. Also, the volume 

of distribution for TCAOB is about two-fold higher than TCAB (TCAOB, V = 7 

L/kg; TCAB, V = 4 L/kg). The adipose tissue to blood ratio following oral 

administration supports this parameter. For TCAOB, the adipose ratio for the low 

and high dose was 8 and 26, respectively, while for TCAB it was 2 and 11 for the 

low and high dose. Therefore, the duration of Ah receptor interaction with 

TCAOB is longer than that for TCAB at equal molar doses. The increased 

duration of contact with the Ah receptor would explain the elevated levels of 

toxicity following i.v. exposure to TCAOB. 
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CHAPTER THREE 

THE IDENTIFICATION OF THE URINARY METABOLITES 

FOR 3,3',4,4'-TETRACHLOROAZOXYBENZENE (TCAOB) 

AND 3,3',4,4'-TETRACHLOROAZOBENZENE (TCAB) 

FOLLOWING ADMINSTRATION TO MALE FISCHER-344 

RATS. 

INTRODUCTION 

In Chapter One, it was shown that TCAOB and TCAB are readily 

eliminated from the body. For TCAB and TCAOB, the majority of the dose was 

eliminated within 48 hr regardless of the route of administration. For the most 

part, the primary route of elimination was via the feces; however, significant 

levels of [^'^C] were eliminated in the urine as well. By contrast, the elimination 

characterized for the structural similar carcinogen, TCDD, is relatively slow (Piper 

et. al., 1973; Allen et a!., 1975; Rose et. at., 1976). In these studies, the 

dispositional half-life of TCDD was reported to ranges from 16 to 31 days after 

single or multiple oral doses. No urinary elimination of parent compound or 

metabolites was detected. Clearly, the dispositional elimination is much longer 

than that of TCAOB and TCAB. 

The differences in the dispositional elimination may. In part, be attributed 

to the metabolism of TCAOB or TCAB. The ability of TCAOB or TCAB to 
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undergo azo reduction to yield dichloroaniline derivatives probably accounts for 

their more extensive elimination in the urine. Azo reduction is largely catalyzed by 

intestinal microflora to produce aromatic amines. However, reductive enzymes in 

the liver microsomes may also contribute to cleavage (Hernandez et al., 1967; 

Walker, 1970; Soliem and Scheline, 1972; Das and Dubin, 1976; Chung and 

Stevens, 1992). The products of TCAB or TCAOB azo reduction would be 

dichloroaniline moieties. These would be expected to undergo extensive 

absorption, further metabolism and subsequent elimination in the urine (Koa et 

al., 1978). 

This study was designed to confimn that major urinary metabolites of 

TCAOB and TCAB were indeed dichloroaniline derivatives. Identification of such 

metabolites would support the key role of azo reduction in the metabolic 

processing of these compounds. To accomplish this, [^'*C]-labeled TCAOB or 

TCAB was administered to male Fischer-344 rats and the eliminated urine 

collected over time. Metabolites of TCAOB/TCAB were separated by HPLC 

procedures and identified by LC/MS methodology. 
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METHODS AND MATERIALS 

Chemicals 

TCAOB and TCAB: The source and purity of these compounds were 

presented in Chapter Two. 

Animals 

Male Fischer-344 rats: The source and handling were presented in 

Chapter Tv/o. 

Sample Collection 

^"^C-TCAOB (3.4 and 34 mg/kg, 50 MCI/kg) or ^'^C-TCAB (3.2 and 32 

mg/kg, 50 pCi/kg) in com oil was administered by oral gavage (5 ml/kg) to 

Flscher-344 rats. After administration the animals were then placed in Nalgene™ 

metabolism cages for collection of urine and feces throughout the study period 

and had free access to food and water. Excretion of the radiolabel was 

monitored in urine (total collection at 6, 12, 24, 48, 72, and 96 hr). Radioactivity 

in the urine was determined directly by liquid scintillation counting (Winter et al., 

1980; Ziegler et al., 1996). The 12 and 24 hr urine were found to contain the 

highest levels of radioactivity, therefore these two were pooled for metabolite 

identification. At the end of 96 hr, the animals were subjected to euthanasia by 

inhalation of carbon dioxide. 
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Metabolite Identification using MS and MS/MS Analysis 

For metabolite isolation and identification, a pooled urine sample (from the 

12 and 24 hr collection) was diluted with an equal volume of methanol and 

centrifuged to remove any particulate matter. The supernatant was injected onto 

a 7.8 mm x 300 mm jx Bondapak Ci8 10p.m semi-preparatory column (Waters 

Inc., Milford, MA) and eluted with 10 mM ammonium acetateimethanol at a flow 

rate of 0.5 ml/min. Peaks containing radioactivity were collected and 

concentrated with a Speed Vac sample concentrator (Savant Instruments Inc., 

Farmindale, NY). The concentrated fractions were then analyzed on a Finnigan 

TSQ 7000 triple quadrupole mass spectrometer (Finnigan MAT, San Jose, CA) 

equipped with a Finnigan electrospray source. Samples were dissolved in 10 

mM ammonium acetateimethanol (1:1 v/v) and introduced by flow injection at 0.5 

ml/min. Ion cluster signals showing chlorine isotope patterns were selected for 

MS-MS and the ^®CI (M-H)' ion in each was subjected to CID with Ar gas to 

obtain a product ion spectrum. 
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RESULTS 

TCAOB Urinary Metabolites 

Urinary metabolites from rats receiving ^'^C-TCAOB were isolated by semi-

preparatory HPLC and analyzed by MS and MS-MS. Table 3.1 shows the HPLC 

retention times, fragmentation, and structural assignments for the major urinary 

metabolites. The probable identities of the metabolites were deduced from the 

m/z values for the [M-H]' ions, the relative abundance of ^^Cl/^^CI isotopes signal, 

and product ion spectra generated by CID of the [M-H]" ion. 

The base structure for all the metabolites identified was 3,4-dichloroaniline 

(Figure 3.1,2). Upon HPLC analysis of the urine, this metabolite eluted at 31.1 

min and yielded a [M-H]" ion signal at m/z 160. CID analysis of the [M-H]" ion 

yielded a product ion at m/z 124 which corresponds to a monochloroaniline 

structure following the loss of HCL {m/z 36). In the same HPLC fraction, two 

other dichloroaniline moieties were isolated. Metabolite D2 (3) had a [M-H]' ion 

signal of m/z 218. The D2 metabolite is N-acetylated dichloroaniline with a 

hydroxyl group on the benzene ring. The major product [M-H]' ion signal at m/z 

176 represents a loss of 42 mass units and corresponds to the elimination of 

ketene. A second product ion of m/z 112 corresponds to a chlorobenzene 

fragment. The second derivative (D3,4) corresponds to a dichloroaniline moiety 

similar to the D2 metabolite but containing a methylated ring hydroxyl group. 

This structure has an [M-H]' signal of m/z 232 and a product ion signal at m/z 
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160 which corresponds to a loss of ketene (42 m/^ and a methoxy group (30 

m/2). 

Two dichioroaniline moieties were found in the 29.5 min HPLC fraction 

(Table 3.1, Figure 3.1). Metabolite CI (5) yielded a [M-H]' signal at m/z 256. 

This corresponds to a 3,4-dichloroaniline with a sulfate-modified hydroxyl group. 

CID analysis yielded fragments corresponding to a loss of SO3" to form 

complimentary fragments at m/z MB and m/z 80. The second metabolite (C2,6) 

is similar to the CI structure but has a N-acetylated group. This metabolite has a 

[M-H]" signal at m/z 298 with a product ion signal at m/z 218. The loss of 80 

mass units corresponds to a loss of SO3'. The spectrum for the metabolite 

isolated in the 26.9 min fraction (B) was similar to that for the metabolic product 

C1 found in the 29.5 min fraction. The [M-H]" signal for B was at m/z 256 and 

CID product ions were detected at m/z 176 and 80. Therefore, metabolite 

structure 5 from Figure 3.1 is attributed to metabolite B as for CI. The difference 

in HPLC retention suggests that B and C are isomers. 

One metabolite (A) was found in the 24.3 min HPLC fraction (Table 3.1, 

Figure 3.1). This metabolite exhibited a [M-H]" signal at m/z 264, which 

corresponds to a 3-chloroaniline product containing an N-acetyl group as well as 

a ring hydroxyl group that has undergone sulfation. The CID product ion signal 

at m/z 184 corresponds to a fragment arising from loss of SOa" (80 m/^ and a 

signal at nVz 148 results from a loss of the SO3" (80 m/z) and HCI (36 m/^. 
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TCAB Urinary Metabolites 

Several radioactive peaks representing metabolites following 

administration of ^'^C-TCAB were observed after HPLC analysis of the urine. 

The urinary metabolites were analyzed by MS and MS/MS following Isolation by 

semlpreparatory HPLC. Table 3.2 shows the HPLC retention time, 

fragmentation, and structural assignments for each metabolite identified. The 

probable structural Identities are represented In Figure 3.2. 

The predominant metabolite (F'2) detected in the urine showed an [M-H]" 

ion at m/z 298 and a ^^Cl/^'^CI isotope pattem indicative of a dichloro compound. 

The major product Ion signal was at m/z 218, which represents a loss of 80 mass 

units characteristic of SO3'. Other prominent product Ion signals corresponded to 

HSO4" (m/z 97 and SO3" {m/z 80). This is consistent with a structural assignment 

as an O-sulfate conjugate of ring-hydroxylated N-acetyl-3,4-dichloroaniline (6'). 

Metabolite A'1 was identified as dichloroaniline (2'), and the mass 

spectrum contained a signal corresponding to the [M-H]' ion at m/z 160. CID 

analysis of the [M-H]' ion yielded a product ion at m/z 91 resulting from the loss 

of two chlorine atoms and another at m/z 78 corresponding to [benzene]'. 

Metabolite A'2 was identified as 3,4-dichloroanillne-N-sulfate (8'). CID analysis 

of the [M-H]' ion (m/z 240) for this metabolite yielded product ions at m/z 160, 

which corresponded to loss of SO3' and at m/z 133 corresponding to facile 

fragmentation of the aromatic ring producing a fragment containing part of the 

aromatic ring plus the amino sulfate group. 
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The mass spectrum of metabolite B' displayed a signal for the [M-H]" Ion 

{m/z 264), which on CID analysis yielded fragments con-esponding to a loss of 

SO3' (m/z 184) and a loss of SO3' plus ketene {m/z 142). The ratio of ^CI/^^CI 

isotopes pattern was consistent with monochlorinated compound. This 

metabolite was assigned as N-acetyl monochlorophenol-O-sulfate (7'). 

Metabolites C'1, D', E', and F'1 all showed [M-H]' ions (m/z 256). The 

^^CI/^^CI isotope pattem was consistent with a dichloro product. On CID analysis 

of the [M-H]' ion, loss of SO3' (m/z80) was observed in product ion spectra of all 

four metabolites. In addition, signals for product ions were detected 

corresponding to SO3' {m/z 80). Observation of a signal for the [M-H]" ion (m/z 

256) is consistent with a sulfate ester of either a ring-hydroxylated dichloroaniline 

(5') or of an N-hydoxylated dichloroaniline. However, the latter would not be 

expected to survive sample work-up. The mass spectra of metabolites C'2 and 

G'3 contained signal for [M-H]' ions (m/z 298) and CID analysis of these yielded 

product ion spectra similar to that for metabolite F'2. These data suggest that 

C'2 and G'3 are isomeric forms of the sulfate of ring-hydoxylated 

dichloroacetanilide (6'). 

The spectrum of metabolite G'1 contained an [M-H]' (m/z 218). CID 

analysis yielded product ion signals at m/z 176, corresponding to a loss of ketene 

and at m/z 140, corresponding to a loss of acetyl plus chlorine. This molecule 

was assigned as N-acetyl dichlorophenol (3'). The spectrum of metabolite G'2 

contained an [M-H]' ion (m/z 232), which when subjected to CID analysis yielded 
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an intense product ion at m/z 160, corresponding to loss of ketene and a 

methoxy group. These data are consistent with assignment as N-acetyl-methoxy-

dichloroaniline (4') 
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Table 3.1. Urinary metabolites of TCAOB - MS and MS/MS analysis 

Metabolite RT 
CMinl 

m/z 
(M-HL 

MS-MS 
Productions 

Structure 
Assigned 

A 24.3 264 184 
148 

7 

B 26.9 256 176 
80 

5 

CI 29.5 256 176 
80 

5 

C2 298 218 
198 
96 

6 

D1 31.1 160 124 2 

D2 218 176 
112 

3 

D3 232 160 4 



Table 3,2. Urinary metabolites of TCAB - MS and MS/MS analysis 

Metabolite RT m/z MS-MS Structure 
(Mini IM-H)' Productions Assigned 

A'1 23.6 160 91 2' 
78 

A'2 240 160 8* 
170 

B' 24.7 264 184 r 
142 

C'1 26.1 256 176 5' 
80 

C'2 298 218 6' 
175 

D'1 27.4 256 176 5' 
80 

E' 29.2 256 176 5' 
79 

F1 30.3 256 176 5' 
80 

F2 298 218 
176 6' 
97 
80 

G'1 31.3 218 176 3' 
140 

G'2 232 160 4' 
G'3 298 218 6* 

176 
97 
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DISCUSSION 

TCAOB and TCAB are examples of chemicals whose toxicities appear to 

be govemed by their pharmacokinetic parameters. Poland et al. (1976) showed 

that TCAOB and TCAB can bind in vitro to the Ah receptor with high affinity. Both 

compounds cause Ah receptor-mediated events such as thymic atrophy and 

body wasting in rats, cleft palate formation in mice, and rump edema in chicken 

fetuses. However, following oral administration, these compounds are not as 

potent (Hsia etal, 1980; Schrankel et a!., 1982; Hassoun etal., 1984). Uniquely, 

one difference between TCAOB and TCAB is that upon i.p. administration, 

TCAOB is some what more potent than TCAB. 

The decreased in vivo toxicity of TCAOB and TCAB can be attributed to 

differences in their bioavailability and metabolism. As reported earlier, TCAOB 

and TCAB have oral bioavailabilities of 9% and 30%, respectively. These 

bioavailability values are much lower than the oral bioavailability of other potent 

Ah ligands such as TCDD. TCDD's oral bioavailability is reported to be 70-80% 

(Piper et al., 1973; Rose et a!., 1976). Thus, following oral administration of 

equal molar doses, much less parent molecule would be present in the systemic 

circulation following TCAOB or TCAB. Since it is the parent molecule that most 

likely Interacts with the Ah receptor, the dose of TCAOB or TCAB available at 

tissue receptor sites will be reduced. This would reduce the toxicity mediated by 

interaction with the receptor. 
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Again, the stnjctural features of TCAOB and TCAB that account for their 

reduced oral bioavailability are the azoxy and azo linkage. These bonds can 

undergo reduction to yield dichloroaniline derivatives. These derivatives can 

then undergo extensive absorption, further metabolism and ultimately urinary 

elimination (Koa et al., 1978). Evidence that TCAOB and TCAB undergo 

extensive azo reduction is the excretion of chloroaniline derivatives in the urine. 

The metabolites identified in the urine following administration of TCAOB 

or TCAB were all chloroaniline derivatives. No parent or non-azo reduced 

metabolites were detected. Sulfate conjugates of mono or dichloroaniline 

derivatives were the major urinary metabolites. Some of these metabolites were 

N-acetylated. These chloroaniline conjugates can be eliminated relatively rapidly 

from the body. This is consistent with the metabolism of aniline (Koa et al., 

1978) in that 77% of the rat urinary metabolites were sulfate conjugates with a 

significant amount of these being N-acetylated (70%). 

In summary, TCAOB and TCAB undergo extensive metabolism to 

chloroaniline derivatives via azo reduction. This process results in greatly 

reduced oral bioavailability and shorter elimination half-lives of TCAOB or TCAB. 

Because of this azo reduction. Ah receptor mediated toxicity of TCAOB or TCAB 

would be reduced. However, other toxicities associated with chloroanilines may 

be of concern for TCAOB and TCAB. For example, methemoglobin is observed 

after administration of aniline derivatives (National Cancer Institute, 1978). Both 
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the bone marrow (stimulated hemopoietic activity) and the spleen are target 

tissues for dichloroaniline derivatives. 
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CHAPTER FOUR 

BILIARY ELIMINATION OF 3,3',4,4'-TETRACHLOROAZOXYBENZENE 

(TCAOB) AND 3,3',4,4'-TETRACHLOROAZOBENZENE (TCAB) FOLLOWING 

ADMINSTRATION TO MALE FISCHER-344 RATS. 

INTRODUCTION 

TCAOB and TCAB are readily eliminated from the body with the majority 

of the dose eliminated within 48 hr regardless of the route of administration. The 

primary route of elimination was via the feces with 50% eliminated within 24-48 

hr for either TCAOB or TCAB. Previously, it was shown that the elimination 

characterized for TCDD is relatively slow and this elimination is much longer than 

that of TCAOB and TCAB. 

The rate-limiting step for the clearance of TCDD from the body as 

reported by Ramsey et al. (1982) is by its metabolic transformation. Ramsey et 

al., (1982) showed that TCDD is transformed to a variety of more polar 

metabolites before being excreted in the bile with little to no parent compound 

present. Thus, the 1 -2% of activity eliminated from the body was via the feces 

only and this metabolic transfonnation is a relatively slow process (Piper et. al., 

1973; Allen et al., 1975; Rose et. al., (1976). 

TCDD's resistance to biotransformation is accredited to its chemical 

structure. Specifically, TCDD contains halogen substituents (2,3,7 and 8 
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positions) at the preferred sites of enzymatic oxidation (Tulp and Hutzinger, 

1978). Structural analogs such as 2,3,7,8-tetrachlorodibenzofuran or 2,3,7,8-

tetrabromodibenzo-p-dioxin, which have halogens in the same position, are as 

resistant to metabolism as TCDD (Poiger et ai, 1989; Kedderis et aL, 1991). 

Although TCAOB and TCAB contain halogens substituted in these same 

positions, they can be subjected to metabolism at the azo/azooxy bond. The 

dichloroaniline that is formed then undergoes further metabolism to conjugates 

that are eliminated in the urine and perhaps bile. 

This study was designed to determine the rate of elimination and the 

identity of the metabolites of TCAOB and TCAB in the bile following 

administration. To accomplish this, [^'*C]-labeled TCAOB or TCAB was 

administered to nnale Fischer-344 rats via the jugular vein and bile collected over 

time from a cannula inserted directly in the bile duct. The rate of [^'^C] elimination 

was determined over a 6 hr inten/al following administration. The bile was also 

subjected to HPLC procedures for separation purposes and the metabolites 

identified by GC/MS methodology. 
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METHODS AND MATERIALS 

Chemicals 

TCAOB and TCAB; The source and purity of these compounds were 

presented in Chapter Two, 

Animals 

Male Fischer-344 rats; The source and handling of these animals were 

presented in Chapter Two. 

Common Bile Duct Cannulations 

The bile duct cannulation procedure was adapted from that presented in 

Waynforth and Flecknell (1992). The rats were anesthetized with a 50% (w/v) 

urethane solution (2 ml/kg, i.p.). Following anesthesia, a small vertical incision 

was made in the abdomen/peritoneum and the bile duct exposed. PE-10 

polyethylene tubing (Clay Adams, Parsippany NJ) was inserted into the bile duct. 

PE-50 polyethylene tubing (Clay Adams, Parsippany NJ) linked to a Compact 

Infusion Pump (Harvard Apparatus Co, Inc., Dover MA) was inserted into the 

jugular vein cannulae. Saline was infused into the cannulae over the entire 

period of study at a rate of 0.02 ml/min. The animals were dosed once a steady 

state flow of bile was established. 
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Sample Collection 

^'^C-TCAOB (3.4 mg/kg, 50 tJCi/kg) and ^'^C-TCAB (3.2 mg/kg, 50 pCi/kg) 

were administered intravenously (2 ml/kg) to the cannulated animals via the right 

jugular vein (over 5 sec) followed by an equal volume of normal saline. The 

dosing solution consisted of emulphor: ethanol: water, 1:1:1 (v/v/v) Bile was 

collected every 15 min for 6 hr. Radioactivity in the bile was detemriined directly 

by liquid scintillation counting (Winter et ai, 1980; Ziegler et a/., 1996). For 

metabolite identification, the bile was collected as one sample over 6 hr and 

stored at -20°C. 

Metabolite Identification Using GC/MS Analysis 

For metabolite identification, aliquots of the pooled bile samples were 

incubated with B-glucuronidase (2000 units/ml) or sulfatase (100 units/ml). The 

samples were incubated for at least 24 hr and analyzed for metabolites using 

GC/MS. Prior to GC/MS analysis, aliquots of untreated bile and the bile 

incubated with 3-glucuronidase or with sulfatase were passed through an Alltech 

Maxi-clean™ Solid-Phase Extraction cartridge (CIS, 300 mg) followed by 1 ml of 

water. Three washes (50 nl) of 100% methanol were used to elute trapped 

compounds. The identities were detennined using the Fison GC 8000 coupled 

with the Fison MD 800 quadrupole mass spectrometer (Finnigan MAT, San Jose, 

CA). Aliquots (1|li1) of the sample were injected (Inj. Temp = 250°C) onto a DB-5 

capillary column (0.25 film, 0.25 mm i.d. 30 m) using ultra-pure carrier grade 
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helium as the carrier gas with a 5 psi head pressure. The oven was maintained 

at 120°C for 2 min following Injection, increased at a rate of 10°C/min to 280°C 

and then held at that temperature for 20 min. The mass spectrometry data was 

analyzed using the Mass Lab, Mass Spectrometry Data Handling System for 

Windows, version 3.1 (Finnigan MAT, San Jose, CA). 
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RESULTS 

Biliary Elimination for an Intravenous Dose of [^"^Cl-TCAOB or [^'*C]-TCAB. 

Large amounts of were excreted in the bile within 6 hr following an 

intravenous dose of [^'^C]-TCAOB or [^'^CJ-TCAB (Figures 4.1). However, the total 

[^'^C] biliary elimination of TCAB was higher than that of TCAOB. Within 6 hr, 72 

and 43% of the dose was eliminated in the bile for TCAB and TCAOB, 

respectively. The pattem of elimination between the two is different as well 

(Figure 4.2). For TCAB, the rate of elimination of the [^'*C]-label into the bile 

Increased within 1.5 hr following administration, remained steady from 1.5 to 3 

hr, and then decreased during the next 3 hr. The rate of elimination for TCAOB 

increased at a smaller rate than that found for TCAB and did not peak until 4.5 to 

5 hr. 

TCAB Biliary Metabolites 

Biliary metabolites from rats receiving ^"^C-TCAB were identified by 

comparing GC/MS spectrum from bile treated with p-glucuronidase to untreated 

bile. The probable identities of the metabolites were deduced from the column 

retention times, m/z values, the relative abundance of ^®CI/^^CI isotopes signal, 

and fragment ion spectra generated by the electron ion source. 

Relative GC chromatogram and mass spectrum for authentic 

dichloroaniline, TCAB, and TCAOB are presented in Figure 4.3 and 4.4. The 
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authentic dichloroaniline had a column retention time of -8 min and produced 

the ^®Ci/^^CI isotopic pattem necessary for compounds that contain two chlorine 

atoms {m/z 161, 163, and 165). Subsequent fragmentation isotopic pattems 

were seen at m/z 134,136, and 138 for a two chlorine containing fragment and 

m/z 99 and 101 for a fragment containing one chlorine (Figure 4.4). The retention 

times for TCAB and TCAOB were -19 and 23 min, respectively (Figure 4.3). The 

TCAB spectrum revealed a ^®CI/^^CI isotopic pattem, which is essential for a 

compound that contains four chlorine atoms (m/z 318,320,322, and 324; Figure 

4.4). Two fragment isotopic pattems for a two chlorine fragment were present as 

well with a spectrum of m/z 145,147,149 and 173,175,177. Also a one chlorine 

fragment can be detected at m/z 109 and 111. TCAOB not only had a different 

retention to that for TCAB under these GC conditions but also had a uniquely 

different spectrum (Figure 4.3 and 4.4). The ^®CI/^^CI isotopic pattern for the four 

chlorine compound was present at m/z 334, 336, 338, and 340. Like TCAB, the 

two fragment isotopic pattems which contain the two chlorine fragment (m/z 

145,147,149 and 173,175,177) and the one chlorine fragment (m/z 109 and 111) 

were present. However, a three chlorine fragment was seen at m/z 159,161 and 

163 for the TCAOB standard spectrum. 

The GC chromatograms from bile incubated with p-glucuronidase and 

non-incubated bile of TCAB treated animals were compared. The 

chromatograms from the incubated bile revealed the presence of two new peaks 

(Figure 4.5). The first peak, which had a retention time of ~8 min, matched the 
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dichloroaniline spectrum perfectly as the isotopic and fragmentation patterns 

were identical (Figure 4.4A and 4.6B). This indicates that one metabolite was a 

dichloroaniline-N-glucuronide. The second peak had a -19 min retention time 

(Figure 4.5). When the isotopic and fragmentation spectrum was matched to the 

spectrum for the TCAB standard, they were identical (Figure 4.4B and 4.6C). 

Thus, it appears that a TCAB-glucuronide was formed most likely using the azo 

bond as a function group. Small levels of TCAB were detected in the untreated 

bile. 

TCAOB Biliary Metabolites 

The biliary metabolites from rats treated with ^'^C-TCAOB were identified 

by the same comparison of GC/MS spectrum from bile treated with p-

glucuronidase to untreated bile as performed for TCAB (Figure 4.7). The two 

biliary metabolites were the same as those found for TCAB. Once again the 

probable identities of the metabolites were deduced from the column retention 

times, m/z values, the relative abundance of ^CI/^^CI isotopes signal, and 

fragment ion spectra generated by the electron ion source. 

The comparison between the GC chromatograms from bile incubated with 

P-glucuronidase to non-incubated bile of TCAB treated animals revealed the 

presence of two new peaks (Figure 4.7). The first peak (dichloroaniline) had an 

~8 min retention time. The isotopic and fragmentation spectrum were identical to 

that for the dichloroaniline standard (Figure 4.8). The second peak matched the 
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retention time, isotopic and fragmentation spectrum for those of the TCAB 

standard (Figure 4.8). Thus, a TCAB-glucuronide is present following 

administration of TCAOB. TCAOB was not detected in either bile samples. 
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Figure 4.1 Cumulative biliary elimination of the [ 0] label following an iv dose 
of [^'^C]-TCAOB (•) or [^'^C]-TGAB (•). Data expressed as mean ± 
S.D. (N=3,n=2) 
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Figure 4.2 Percent of eliminated in the bile per 15 min bile collection 
period for [ CJ-TCAOB (•) or [""CJ-TCAB (•) following an iv dose. 
Data expressed as mean ± S.D. (N=3,n=2) 
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Figure 4.5 Total ion chromatograms for bile untreated (A) or incubated with (3-
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Figure 4.6 Total ion chromatogram (A), mass spectrum of peak 8.379 min (B), 
and mass spectrum of peak 19.003 min (C) for bile incubated with 
(3-glucuronidase from a rat treated with TCAB. The bile was 
cleaned up by passing it through an Alltech Maxi-clean™ Solid-
Phase Extraction cartridge and eluted with methanol. 
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Figure 4.7 Total ion chromatograms for bile untreated (A) or incubated with p-
glucuronidase (B) from a rat treated with TCAOB. 
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Figure 4.8 Total ion chromatogram (A), mass spectrum of peak 8.132 min (B), 
and mass spectrum of peak 18.953 min (C) for bile incubated with 
p-glucuronidase from a rat treated with TCAOB The bile was 
cleaned up by passing it through an Alltech Maxi-clean^" Solid-
Phase Extraction cartridge and eluted with methanol. 
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In the previous chapters, the data revealed that TCAOB and TCAB are 

readily eliminated from the body as compared to TCDD. The routes and pattem 

of elimination for TCAB and TCAOB were found to be similar to each other and 

both undergo extensive metabolism to chloroaniline derivatives via azo reduction. 

This process results in greatly reduced oral bioavailability and shorter elimination 

half-lives of TCAOB or TCAB when compared to TCDD. 

TCAOB and TCAB are also readily eliminated into the bile as compared to 

TCDD. For TCAOB and TCAB, 43 and 72% of the f'^CJ-dose was eliminated in 

the bile within 6 hr, respectively. Little to no unchanged parent was eliminated in 

the bile. This indicates that the metabolism of the two compounds is a 

prerequisite for elimination. The elimination of TCDD into the bile is considerably 

lower; - 2% of the dose is secreted in the bile per day (Poiger and Buser, 1984). 

The metabolism of TCDD is required for biliary elimination and therefore plays a 

critical role in regulating the rate of excretion (Olson, 1994). Thus, differences in 

the biliary elimination is attributed to the metabolic rates between TCAOB or 

TCAB to TCDD and their structural differences. 

The structural features of TCAOB and TCAB that account for their 

metabolic and elimination differences are the azoxy and azo linkage. In Chapter 

Three, the data presented showed that these bonds can undergo reduction to 

yield dichloroaniline derivatives which are eliminated in the urine. Koa et al. 

(1978) showed that these chloroaniline products are capable of undergoing 
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extensive absorption and further metabolism. The presence of the 

dichloroaniiine-N-glucuronlde in the bile following administration of TCAOB or 

TCAB confirms that these compounds are subjected to azo reduction followed by 

conjugation of the glucuronide to the amine group. 

The intact azo bond was found as a unique functional group that could 

undergo glucuronidation. This TCAB-glucuronide was present following 

administration of either TCAOB or TCAB dose. However, the level of formation of 

this azo-glucuronide was higher in the bile from the rats treated with TCAB as 

compared to TCAOB following equal molar doses. This ability of an azo bond to 

undergo glucuronidation has been observed in previous studies. Kondo et al. 

(1996) presented a metabolic pathway which involved glucuronide conjugation for 

candesartan cilexetil, a prodrug of candesartan, which is an angiotensin II 

receptor antagonist. One of three sites of glucuronide conjugation for candesartan 

cilexetil identified was the azo bond in its tetrazole ring. 

The addition of the oxygen species found at the azoxy bond of TCAOB 

can explain the differences in biliary elimination of TCAOB as compared to TCAB. 

This oxygen seems to inhibit the enzymatic-based azo bond reduction or 

glucuronide conjugation of TCAOB. The biliary presence of small amounts of the 

TCAB-glucuronide following TCAOB administration indicates that TCAOB is first 

reduced to TCAB or bis-3,4-dichlorobenzhydrazine followed by conjugation. The 

scarcity of unchanged parent compound in the bile for TCAOB or TCAB indicates 

that the metabolism is a prerequisite for elimination. Thus, it appears that the 
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conversion of TCAOB to TCAB before it undergoes azo reduction or receive a 

glucuronide dictates its rate of ellnnination. 

This extra metabolic step, which slows down the metabolism of TCAOB 

as compared to TCAB, was expressed in the overall elimination of the [^'^CJ-dose 

(TCAOB = 43%, TCAB = 72%). It should be noted that the elimination half-lives 

of TCAOB (7 hr) and TCAB (4 hr) support the slower rate of metabolism for 

TCAOB; in fact, the overall elimination complements the half-live values. This is 

further apparent when comparing the biliary elimination of TCAB and TCAOB. 

TCAB, which had a elimination Uiz of 4 hr, 58 ± 8% of the [^'^CJ-label, was 

eliminated in the bile within 4 hr of dosing. For TCAOB, which had a ti/2 of 7 hr, 

43 ± 9% was eliminated within the 6 hr period of study. These data indicate that 

the biliary elimination plays a critical role in the whole blood clearance. 

Cleariy, the reduction of the azo bond is responsible for the enhanced 

elimination of TCAOB and TCAB as compared to TCDD. For both TCAOB and 

TCAB, several metabolites were present in the bile including glucuronide 

conjugates of dichloroaniline (DCA) and a putative glucuronide of TCAB (formed 

from TCAOB as well as TCAB). These data also suggest that TCAOB may be 

converted to TCAB which is then subjected to glucuronidation or azo reduction 

and conjugation. This conversion appears to be responsible for the 

pharmacokinetic differences previously listed in Chapter Three for TCAOB and 

TCAB. 
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CHAPTER FIVE 

AZO REDUCTION OF 3,3',4,4'-

TETRACHLOROAZOXYBENZENE (TCAOB) AND 3,3',4,4'-

TETRACHLOROAZOBENZENE (TCAB) IN THE MALE 

FISCHER-344 RATS. 

INTRODUCTION 

The structural features of TCAOB and TCAB that account for their 

reduced oral bioavailability are the azoxy and azo linkage. These links give 

TCAOB and TCAB the ability to undergo azo reduction to yield dichloroaniline 

derivatives. Evidence that TCAOB and TCAB undergo reduction is shown by the 

excretion of chloroaniline derivatives in the urine, presented in Chapter Three. 

The metabolites identified in the urine following administration of TCAOB or 

TCAB were all chloroaniline derivatives. No parent or non-azo reduced 

metabolites were detected. Instead, sulfate conjugates of mono or 

dichloroaniline derivatives were the major urinary metabolites with some N-

acetylated. These chloroaniline conjugates can be eliminated relatively rapidly 

from the body. The identification of dichloroaniline or the dichloroaniline-N-

glucuronide as biliary metabolites, as presented in Chapter Four, provided 

further evidence that TCAOB and TCAB undergo azo reduction. 
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Azo reduction is largely catalyzed by intestinal microflora to produce 

aromatic amines. However, reductive enzymes In the liver microsomes are 

known to cleave the azo bond as well (Hernandez et ai, 1967; Walker, 1970; 

Soliem and Scheline, 1972; Das and Dubin, 1976; Chung and Stevens, 1992). 

Several studies have provided evidence that under in vivo analysis the intestinal 

microflora are the main contributor of azo reduction; the mammalian catalyzed 

cleavage was considered insignificant (Walker, 1970; Chung and Stevens, 

1992). Previously, it was shown that a significant amount of TCAOB and TCAB 

derived radioactivity was eliminated in the bile as azo-reduced compounds. 

Since the TCAOB and TCAB were administered intravenous dose in these 

studies, the results suggest that these compound may undergo azo reduction by 

mammalian enzymes. 

Therefore, this study was designed to detennine if the mammalian tissue 

could contribute to the azo-reduction of both compounds. To accomplish this, 

[^'^CJ-labeled TCAOB or TCAB was administered to male Fischer-344 rats 

following pretreatment with an oral antibiotic mix and the elimination of the [^^*0] 

was monitored over time. Pretreatment with oral antibiotics results in elimination 

of the gut flora which equates to a loss of gut flora mediated azo-reduction. The 

loss of azo reduction was expressed by a loss of urinary elimination of 

chloroaniline metabolites. The formation of dichloroaniline following a dose of 

TCAOB or TCAB was also investigated using the male Fischer-344 rat gut 

contents and liver homogenate with in vitro methodology. 
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METHODS AND MATERIALS 

Chemicals 

TCAOB and TCAB: The source and purity of these compounds were 

presented In Chapter Two. 

The antibiotics, polymixin B sulfate, neomycin sulfate and gentomicin, 

used for gut sterilization were obtained from Sigma Chemical Co. (St. Louis, 

MO). 

For the in vitro procedures, a Krebs-Henseleit buffer supplemented with 

Hepes (Krebs-Hepes buffer) was used; purchased from Sigma Chemical Co. (St. 

Louis, MO) were potassium chloride, sodium bicarbonate and glucose; 

purchased from Fisher Scientific (Fair Lawn, NJ) were sodium chloride and 

calcium chloride; purchased from MCB Manufacturing Chemist, Inc. (Cincinnati, 

OH) were magnesium sulfate and sodium phosphate and purchased from 

Boehringer Mannheim Biochemicals (Indianapolis, IN) was the Hepes. The 

reaction mixture contained NADP, glucose-6-phosphate, and magnesium 

chloride purchased from Sigma Chemical Co. (St. Louis, MO), and potassium 

chloride plus a sodium phosphate buffer pH 7.4 made from a combination of 

mono and dibasic sodium phosphate purchased from Fisher Scientific (Fair 

Lawn, NJ) 
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Animals 

Male Fischer-344 rats: The source and handling were presented in 

Chapter Two. 

Antibiotic Pretreatment 

An antibiotic mixture of polymixin B sulfate (4 mg/ml), neomycin sulfate 

(40 mg/ml) and gentamicin (25 mg/ml) in distilled water was administered orally 

(5 ml/kg) to the animals daily for three days prior to and on the first day of study. 

One animal, which sen/ed as a control, did not receive the antibiotic solution. To 

ensure gut sterilization, the control animal plus one of the animals receiving the 

antibiotic solution were euthanized by inhalation of carbon dioxide on the day of 

study, the large intestine swabbed and submitted for microbiological analysis. 

Oral Disposition Study 

^'^C-TCAOB (3.4 and 34 mg/kg, 50 pCi/kg) or ^^C-TCAB (3.2 and 32 

mg/kg, 50 |jCi/kg) in com oil was administered by oral gavage (5 ml/kg) to 

Fischer-344 rats. After administration, the animals were then placed back in the 

Nalgene^'^ metabolic cages for collection of urine and feces throughout the study 

period with free access to radiated food and sterilized water. Excretion of the 

radiolabel was monitored in urine (total collection at 6, 12, 24, 48, 72, and 96 hr) 

and feces (total collection at 24, 48, 72, and 96 hr). Radioactivity in the urine 

was determined directly by liquid scintillation counting. Determination of in 
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the feces was accomplished by sample oxidation followed by liquid scintillation 

counting (Winter etal., 1980; Ziegler etal., 1996). 

Intravenous Disposition Study 

^"^C-TCAOB (3.4 mg/kg, 50 pCi/kg) or ^'^C-TCAOB (3.2 mg/kg, 50 nCi/kg) 

was administered intravenously (2 ml/kg) to the cannulated animals via the right 

jugular vein (over 5 sec) followed by an equal volume of nonnal saline and 

housed as described above. The dosing solution consisted of emulphor: ethanol: 

water, 1:1:1 (v/v/v). Excretion of the radiolabel was monitored in urine ( total 

collection at 6, 12, 24, 48, 72, and 96 hr) and feces (total collection at 24, 48, 

72, and 96 hr). The levels of radioactivity in the urine, and feces were 

determined as described above. 

Gl Content Incubation 

A gut content reaction mixture was made consisting of NADP (500nM), 

gluGose-6-phosphate (6.6 mM), MgCI2 (8.3 mf\/l), sodium phosphate buffer (pH 

7.4, lOOmM), KCI (5GmM) and a mix of large and small intestinal contents (25% 

w/v in Krebs-Hepes buffer, pH 7.4). Incubations of the gut contents were 

performed at 37°C in 4 ml screw top vials. Incubations were started by the 

addition of the substrate ([^'^CJ-TCAOB, -900 nmole or f^CJ-TCAB, -850 nmole; 

25 |j.Ci/ml) to the gut content mixture (3 ml). Control incubations contained the 

reaction mixture plus the addition of 200 |il concentrated hydrochloric acid prior 



103 

to use in order to Inactivate proteins. Samples and controls were incubated for 

12 and 24 hr. The reaction was terminated by the addition of 200 nl concentrated 

hydrochloric acid. The incubation vials were stored in a freezer set at -20°C to 

ensure complete termination of the reaction and protect from chemical 

breakdown of dichloroaniline products by light. 

Liver Homogenate Preparations 

Euthanasia of the animals was accomplished by inhalation of carbon 

dioxide. The liver homogenate in vitro studies were performed as described by 

Martin and Gamer (1987). The livers were removed, weighed and a liver 

homogenate was prepared in ice-cold Krebs-Hepes buffer (1 ml of buffer per g of 

liver) with a motorized Potter-Evejhem Teflon-glass homogenizer. A 

homogenate reaction mixture was made consisting of NADP (500|iM), glucose-

6-phosphate (6.6 mM), MgCI2 (8.3 mM), sodium phosphate buffer (pH 7.4, 

lOOmM), KCl (50mM) and the liver homogenate in Krebs-Hepes. 

Homogenate Incubation 

Incubations of the liver homogenate were performed at 37°C in 4 ml screw 

top vials. Incubations were started by the addition of the substrate ([^'^C]-

TCAOB, -800 nmole or [^'^CJ-TCAB, -750 nmole; 25 |iCi/ml) to the homogenate 

mixture (3 ml). Control incubations contained the homogenate reaction mixture, 

200 111 concentrated hydrochloric acid to inactivate proteins and the substrate. 
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Samples and controls were Incubated for 1,3,6,12 and 24 hr. The reaction was 

tenninated by the addition of 200 ^il concentrated hydrochloric acid. The 

incubation vials were stored in a freezer set at -20°C to ensure complete 

termination of the reaction and protect from chemical breakdown of 

dichloroaniline products by light. 

Homogenate Sample Prep For GC/MS Analysis 

For dichloroaniline metabolite identification and quantification, an aliquot 

was centrifuged to separate particulate matter from the aqueous solution. The 

supematant was passed through an Alltech Maxi-clean^" Solid-Phase Extraction 

cartridge (C18, 300 mg) followed by 1 ml of water. Three washes (50 |il) of 100% 

methanol were used to elute trapped compounds. The pellet was extracted 

three times with 50 |xl of acetonitrile. The methanol washes and acetonitrile 

extracts were combined and subjected to GC/MS analysis. 

GS/MS Analysis 

The identity and levels of dichloroaniline were detemiined using the Fison 

GC 8000 coupled to the Fison MD 800 quadrupole mass spectrometer (Finnigan 

MAT, San Jose, CA). Aliquots (1|j.l) of the pooled fraction were injected (Inj. 

Temp = 250°C) onto a DB-5 capillary column (0.25 |im film, 0.25 mm i.d. 30 m) 

using ultra-pure carrier grade helium as the carrier gas with a 5 psi head 

pressure. The oven was maintained at 120°C for 2 min following injection. 
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increased at a rate of 10°C/min to 280°C and then held at that temperature for 

20 min. The mass spectrometry data were analyzed using the Mass Lab, Mass 

spectrometry Data Handling System for Windows, version 3.1 (Finnigan MAT, 

San Jose, CA). In order to detemiine the concentration of dichloroaniline 

produced, each injection was scanned at the main mass ion for dichloroaniline 

(161 and the resulting peaks integrated by the Data Handling system. An 

authentic dichloroaniline standard was used to generate the standard curve. 



106 

Results 

Elimination of [^^C]-TCAOB Oral Dose 

To document that the antibiotic mixture was effective, an intestinal swab 

was taken from control animals which undenwent the oral antibiotic pretreatment. 

These swabs confirmed the absence of Gi flora. The pattem of excretion over 

96 hr for when [^'^C]-TCAOB was administered to gut-sterilized animals was 

similar (Figures 5.1 and 5.2). The majority of the radiolabel was still excreted 

within 48 hr as compared to the non-antibiotic pretreated animals. The 10-fold 

difference in dose had little effect on the rate or route of elimination. The 

sterilization of the GI tract resulted in a decrease in the cumulative levels of 

eliminated in the urine. The antibiotic pretreated animals only eliminated 24 and 

18% of the dose at 96 hr in the urine for the 3.4 and 34 mg/kg dose, respectively, 

whereas the urine from the animals that did not receive the antibiotic 

pretreatment accounted for 35 and 30% for the low and high dose, respectively 

(Table 5.1). The amount of eliminated via the feces of gut sterilized rats 

increased by 16-18% as compared to that of non-antibiotic pretreated animals 

(Table 5.1). 

Elimination of [^''C]-TCAOB Intravenous Dose 

Following intravenous administration of [^'*C]-TCAOB to oral antibiotic 

pretreated rats, the pattem of elimination was similar to that obtained after oral 
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administration (Figure 5.3). The majority of the [^"^Cj-label was again excreted by 

48 hr and the cumulative level of [^^C] eliminated in the urine decreased as 

compared to the non-antibiotic pretreated animals (Pretreated: 11%, Control 

41%; Table 5.1) . When compared to oral administration, a smaller percentage 

of the [^'*C] was eliminated in the urine following intravenous administration (po 

24 and 18%, low and high dose, respectively: iv, 11%; Table 5.1). The fecal 

elimination of 81% following intravenous administration to antibiotic pretreated 

animals was larger than that for the control animals (52% of the dose) or 

from any other dosing situations (Table 5.1). 

Elimination of [^'^CJ-TCAB Oral Dose 

14 
Elimination of the [ C]-label following oral administration of [^'^Cj-TCAB to 

antibiotic pretreated rats was similar to that characterized for TCAOB under the 

same dosing conditions. The pattem of excretion over 96 hr after oral 

administration of TCAB at doses of 3.2 and 32 mg/kg was similar (Figures 5.4 

and 5.5). In fact, as seen in the control animals, the majority of the radiolabel 

was excreted within 24 hr for both doses (3.2 and 32 mg/kg). After 96 hr 

following TCAB administration to antibiotic pretreated animals, the urine 

accounted for 24 and 12% of the excreted ^'^C dose. This is less than that 

eliminated in the urine of the control animals (39 and 45% for the low and high 

dose, respectively: Table 5.1). The amount eliminated via the feces from 
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antibiotic pretreated animals accounted for -62-70% of tine dose (Table 5.1), 

which is higher than that observed for the control animals (53-56%; Table 5.1) 

Elimination of [^^C]-TCAB intravenous Dose 

The pattem of elimination following intravenous administration of 

TCAB to antibiotic pretreated rats was similar for all doses. (Figure 5.6). The 

majority of the [^"^Cj-label was excreted by 24 hr as seen for the control animals. 

Urinary elimination accounted for only 12% of the administered [^'^CJ-dose. Fecal 

elimination accounted for up to 73% of the dose(Table 5.1). 

Intestinal Content Incubation 

Dichloroaniline produced from the intestinal content incubations was 

isolated by Solid-Phase Extraction cartridges (CIS, 300 mg) and analyzed by 

GC/MS. Both TCAOB and TCAB produced a similar GC peak at ~8 min following 

addition to the reaction mixture. A representative total ion chromatogram, 

selected ion chromatogram (m/z 161), and mass spectrum for a sample is 

presented in Figure 5.7. The resulting peak at -8 min was compared to the 

authentic dichloroaniline standard as presented in Figure 5.8. The relative 

^^Cl/^^CL isotopic pattem {m/z 161, 163, 165) and the fragmentation isotopes 

patterns match perfectly (Figure 5.7C and 5.8C). 
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Liver Homogenate 

DIchloroaniline produced from the liver homogenate incubations was 

isolated and analyzed by GC/MS in a like manner to that presented for the gut 

content analysis. A representative total ion chromatogram, selected ion 

chromatogram [m/z 161), and mass spectrum for a sample is presented in 

Figure 5.9. The liver homogenate produced a metabolite with a retention time of 

~8 min following incubation with either TCAOB or TCAB. The MS spectrum 

matched the isotopic and fragmentation patterns of the authentic standard 

perfectly (Figure 5.8C and 5.9C). Dichloroaniline was not found in the control 

samples which contained acid denatured tissue and were incubated under the 

same conditions. This then confirms that the liver can reduce the azo bond of 

either compound to produce dichloroaniline. 

Integration of the main ion signal for dichloroaniline {m/z 161) following 

injections of various standard concentrations was used to generate a standard 

curve (Figure 5.8B and 5.9B). This allowed for the quantification of the 

dichloroaniline produced by the liver homogenate incubated with TCAOB or 

TCAB over time, which is presented in Figure 5.10. Both compounds produced 

a non-linear pattern of production of dichloroaniline over time. This non-linear 

pattem, plus the lack of dichloroaniline in incubations of the compounds with acid 

denatured tissue, indicated that the azo-reduction is enzymatic. It is interesting 

to note that TCAB produced more dichloroaniline than TCAOB when incubated 

under identical conditions. 
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Figure 5.1. Cumulative excretion of total radioactivity in the urine following oral 
administration of [^'^C]-TCAOB to either male Fischer-344 rats 
pretreated with the antibiotic mix ( •, 3.4 mg/kg; O, 34 mg/kg) or 
non pretreated controls ( •, 3.4 mg/kg; •, 34 mg/kg). Data 
expressed as mean ± S.D. (n=4). 
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Figure 5.2. Cumulative excretion of total radioactivity in the feces following oral 
administration of [^'^CJ-TGAOB to either male Fischer-344 rats 
pretreated with the antibiotic mix ( •, 3.4 mg/kg; O, 34 mg/kg) or 
non pretreated controls ( •, 3.4 mg/kg; •, 34 mg/kg). Data 
expressed as mean ± S.D. (n=4). 
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Figure 5.3. Cumulative excretion of total radioactivity In the urine or feces 
following Intravenous administration of [^"^Cj-TCAOB (3.4 mg/kg) to 
either male Fischer-344 rats pretreated with the antibiotic mix ( •, 
urine; O, feces) or non pretreated controls ( •, urine; •, feces). 
Data expressed as mean ± S.D. (n=3). 
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Figure 5.4. Cumulative excretion of total radioactivity in the urine following oral 
administration of [^'*C]-TCAB to either male Fischer-344 rats 
pretreated with the antibiotic mix ( •, 3.2 mg/kg; O, 32 mg/kg) or 
non pretreated controls ( •, 3.2 mg/kg; •, 32 mg/kg). Data 
expressed as mean ± S.D. (n=4). 
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Figure 5.5 Cumulative excretion of total radioactivity in the feces following oral 
administration of [^'*C]-TCAB to either male Fischer-344 rats 
pretreated with the antibiotic mix ( •, 3.2 mg/kg; O, 32 mg/kg) or 
non pretreated controls ( •, 3.2 mg/kg; •, 32 mg/kg). Data 
expressed as mean ± S.D. (n=4). 
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Figure 5.6. Cumulative excretion of total radioactivity in the urine or feces 
following intravenous administration of [^'^C]-TCAB (3.2 mg/kg) to 
either male Fischer-344 rats pretreated with the antibiotic mix ( •, 
urine; O, feces) or non pretreated controls ( •, urine; •, feces). 
Data expressed as mean ± S.D. (n=3). 
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Figure 5.7 Representative total ion chromatogram (A), selected mass m/z 161 
chromatogram (B), and mass spectrum of dichloroaniline for a Gl 
content incubation. 
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of an authentic standard of dichloroaniline. 
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Figure 5.9 Representative total ion chromatogram (A), selected mass m/z 161 
chromatogram (B), and mass spectrum of dichloroaniline for a liver 
homogenate incubation. 



119 

200 

0) 
o 
E 150-
£ 

0 c 
100-c 

(0 
o 
o 

50-sz 
o 
Q 

0 4 8 12 
Time (hr) 

Figure 5.10. Total production of dichloroaniline by the liver homogenate 
following administration of TCAOB ( •, -800 nMole) or TCAB ( •, 
-750 nMole). Data expressed as mean ± S.D. (N=3, n=2). 
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Table 5.1 
Percent of eliminated after 96 hours foilowing 

[^'^CJ-TCAOB administration 
Non-pretreated Gl tract sterilization 
p^o LV; p^o i.v. 

3.4 34 3.4 3.4 34 3.4 
mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg 

Urine: 35% 30% 41% 24% 18% 11% 
Feces: 55% 54% 52% 71% 72% 81% 

[^'^CJ-TCAB administration 
Non-pretreated Gl tract sterilization 

Q^O; LV; i.v. 
3.2 32 3.2 3.2 32 3.2 

mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg 
Urine: 39% 45% 42% 24% 12% 12% 
Feces: 56% 53% 32% 62% 70% 73% 
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DISCUSSION 

Previously, it was concluded that TCAOB and TCAB are readily eliminated 

from the body. The routes and pattem of elimination found for TCAB and TCAOB 

were similar to each other. For TCAB and TCAOB, the majority of the dose was 

eliminated within 48 hr via the urine and feces regardless of the route of 

administration. This rapid elimination is attributed to the metabolic rates of 

TCAOB and TCAB. 

As stated in the beginning of this chapter, the stnjctural features of 

TCAOB and TCAB that may account for their rapid metabolism and elimination 

are the azoxy and azo linkage. The formation of dichloroaniline following 

incubation of either TCAB or TCAOB with the intestinal content or the liver 

homogenate shows that these compounds freely undergo reduction to yield 

dichloroaniline derivatives. These metabolic products can be readily absorbed 

and undergo further metabolism and extensive elimination (Koa et al., 1978). A 

number of azo compounds have been shown to be subjected to reduction by gut 

flora (Walker, 1970; Soliem and Scheline, 1972; Das and Dubin, 1976). Azo 

reduction is largely catalyzed by intestinal microflora to produce aromatic amines 

even though reductive enzymes in the liver microsomes are capable in reducing 

the azo bond (Hemandez et al., 1967; Chung and Stevens, 1992). These liver 

reductive enzymes are considered of little concem in vivo (Chung, 1983; 

Parkinson, 1996). The azoxy/azo bond of TCAOB/TCAB are readily reduced by 
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gut microorganisms, however, evidence from this chapter indicates that they are 

reduced equally by internal tissue enzymes. 

The capability of these azo-containing compounds to undergo mammalian 

tissue azo reduction was confinned In the present study. This was evident by the 

presence of chloraniline metabolites in the urine for either the TCAOB or TCAB 

dose to oral antibiotic pretreated animals regardless of dose concentration or 

route of administration. The removal of the intestinal flora by the antibiotic 

pretreatment reduced the total reductive activity but did not eliminate it 

completely. This indicated that the rapid metabolism and elimination of these two 

compounds was a result of the combination of azo-reductlon by both gut flora and 

mammalian tissues. Also, the production of dichloroaniline by the in vitro liver 

homogenate strengthens this conclusion. Since dichloroaniline was produced 

over time by the liver enzymes following administration of either TCAOB or TCAB, 

the liver thus contributes to the reduction of the azo bond. 

It is interesting to note that TCAB produced more dichloroaniline than 

TCAOB under identical incubation conditions. The structural difference between 

TCAB and TCAOB may account for this as TCAOB has the oxygen species at the 

azo bond. This oxygen can possibly inhibit the enzymatic based azo reduction of 

TCAOB to dichloroaniline. It appears then that TCAOB must first be reduced to 

TCAB or bis-3,4-dichlorobenzhydrazine before it can undergo azo/azine reduction 

or receive a glucuronide at the azo bond, which was presented in Chapter Four. 

This extra step will slow the metabolism of TCAOB as compared to TCAB. The 
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dispositional half-lives of TCAOB (7 hr) and TCAB (4 hr) correlate to these in-vitro 

findings. 

The primary route of [^'^C] elimination was via the feces regardless of the 

dosing conditions. However, the cumulative excretion was higher in the antibiotic 

pretreated animals as compared to non-antibiotic pretreated animals. This 

increase in fecal elimination can be attributed to the extermination of the gut 

microorganisms by the antibiotics. It is known that intestinal bacteria carry out 

various reactions besides the azo-reductive activity (Sollem and Scheline, 1972). 

For example, high p-glucuronidase activity is found in the intestinal contents of 

many animal species (Glazco ef a/., 1952; Marsh ef a/., 1952; Hawksworth et ai, 

1971). The loss of entero-hepatic recirculation can result due to the elimination of 

digestive tract flora-mediated p-glucuronidase activity. Thus, the metabolite 

dichloroaniline N-glucuronide identified in the bile in Chapter Four would not 

undergo glucuronide decomposition and subsequent reabsorption. We know 

aniline compounds are readily reabsorbed since they have been shown to have a 

bioavailability of -100% (Koa et ai, 1978). Therefore, the loss of this Gl tract 

flora-mediated activity would result in increased cumulative fecal elimination, 

accordingly. 

In summary, TCAOB and TCAB undergo extensive metabolism to 

chloroaniline derivatives via azo reduction. This reduction of the azo bond is the 

product of both mammalian mediated activity or by gut microorganism. This 

process results in greatly reduced oral bioavailability and shorter elimination half-
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lives of TCAOB or TCAB. TCAOB must first be converted to TCAB before Its 

azo bond can be reduced. Therefore, TCAOB has a longer half life as compared 

to TCAB. 
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CHAPTER SIX 

Summary 

A major finding of studies reported here is that TCAOB and TCAB are 

readily eliminated from the body. This is especially clear when comparing the 

elimination of TCAOB and TCAB to the stnjcturally similar carcinogen, TCDD. 

The routes and pattern of elimination for TCAOB and TCAB were found to be 

relatively similar to each other. However, Piper et al. (1973), Allen ef al. (1975) 

and Rose et. al., (1976) reported a significantly different rate and elimination 

pattern for TCDD. In these studies, little to no [^"^C] from labeled TCDD was 

excreted in the urine following a single oral dose. However, 20-30 percent of the 

dose was eliminated in the feces within the first 48 hours. Following the initial 

elimination, 1-2% of [^^C] activity was then excreted per day. The majority of this 

initial 20-30% that is eliminated in the feces is attributed to a lack of absorption. 

Thus, the oral bioavailability of TCDD can be estimated to be -70-80%. The 

dispositional half-life of TCDD ranges from 16 to 31 days after single or multiple 

oral doses. Clearly, TCDD is readily absorbed and the dispositional elimination is 

a slow process. 

For TCAB and TCAOB, the majority of the dose was eliminated within 48 

hr regardless of the route of administration. The primary route of elimination was 

via the feces. However, unlike TCDD, significant levels of [^"^C] were eliminated in 
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the urine as well. Thus, when compared to TCDD, TCAOB and TCAB 

demonstrated differences in their rates and routes of elimination. 

The pharmacokinetic parameters of TCAOB and TCAB as compared to 

TCDD indicate a more rapid elimination. In fact, TCAOB and TCAB appear to be 

examples of chemicals whose toxicities are govemed by their phannacokinetic 

parameters. Poland et al. (1976) showed that TCAOB and TCAB can bind in 

vitro to the Ah receptor with equivalent affinity to that of TCDD. As mentioned, 

the Ah receptor mediates the biochemical and toxicological events associated 

with exposure, and TCDD is considered the prototype for ligands which bind to 

the Ah receptor (Landers and Bunce, 1991). Also, TCAOB and TCAB can cause 

similar toxicities to those produced by TCDD as both compounds cause Ah 

receptor mediated events such as thymic atrophy and body wasting in rats, cleft 

palate formation in mice, and rump edema in chicken fetuses. However, 

following oral administration, these compounds are less potent than TCDD (Hsia 

etal., 1980; Schrankel etai, 1982; Hassoun etai, 1984). 

The in vivo phannacokinetic characteristics play a significant role in the 

determination of the overall toxicity of Ah receptor binding analogs (Mills and 

Andersen, 1993; Okey et a!., 1994). For polychlorinated dibenzo-p-dioxins and 

polychlorinated dibenzofurans, the parent compound is considered the causal 

agent (Olson, 1994). The metabolism and subsequent elimination of these 

compounds represent a detoxification process. Thus, the extent of a 
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compound's bioavailability and/or rate of metabolism dictate Ah receptor 

mediated toxicity. 

The decreased in vivo toxicity of TCAOB and TCAB can be attributed to 

differences in their bioavailability and metabolism. As demonstrated, TCAOB 

and TCAB have an oral bioavailability of 9% and 30%, respectively. These 

bioavailability values for TCAB or TCAOB are much lower than the oral 

bioavailability of TCDD. TCAOB and TCAB demonstrated a whole blood 

elimination ti/2 of 7 and 4 h, respectively. Thus, following oral administration of 

equal molar doses, much less parent molecule would be present in the systemic 

circulation following TCAOB or TCAB as compared with TCDD. Since it is the 

parent molecule that interacts with the Ah receptor, the dose of TCAOB or TCAB 

available at tissue receptor sites will be reduced. This would reduce the toxicity 

mediated by interaction with the receptor. The differences In the dispositional 

elimination can be attributed to the metabolic rates between TCAOB or TCAB to 

TCDD, which is related to their structural differences. 

It was shown that the structural features of TCAOB and TCAB that 

account for their reduced oral bioavailability and enhanced elimination are the 

azoxy and azo linkage. These bonds can undergo reduction to yield 

dichloroaniline derivatives which are subjected to extensive absorption, further 

metabolism and ultimately urinary elimination (Koa et at., 1978). Evidence that 

TCAOB and TCAB undergo reduction is the excretion of chloroaniline derivatives 
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identified in the urine and the formation of dichloroaniline following incubation of 

TCAOB or TCAB with the in vitro models presented. 

The metabolites identified in the urine following administration of TCAOB 

or TCAB were all chloroaniline derivatives. No parent or non-azo reduced 

metabolites were detected; however, sulfate conjugates of mono or 

dichloroaniline derivatives were the major urinary metabolites with some of these 

metabolites being N-acetylated. These chloroaniline conjugates can be 

eliminated relatively rapidly from the body. Koa etal. (1978) found this same type 

of metabolism and elimination for chloroaniline compounds. These studies 

showed that after 3 h, 50% of the administered dose was eliminated in the urine 

indicating a rapid elimination. Within 24 hr, 96% of the dose was eliminated in 

the urine. Koa et al. (1978) also reported that 77% of the urinary metabolites of 

chloroanilines were eliminated as sulfate conjugates. This study also showed 

that, 70% of the total eliminated urinary metabolites underwent N-acetylation 

prior to elimination. 

TCAOB and TCAB as compared to TCDD are readily eliminated into the 

bile as well. As reported in Chapter Four, 43% and 72% of the [^'^Cj-dose for 

TCAOB and TCAB, respectively, were eliminated in the bile within 6 hr, 

respectively. This biliary elimination is significantly higher than that recorded for 

TCDD. The biliary elimination of TCDD is at a rate of -2% of the dose per day 

(Poiger and Buser, 1984). The metabolism of TCDD is required for biliary 

elimination and therefore plays a critical role in regulating the rate of excretion 
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(Olson, 1994). Thus, differences in the biliary elinnination are attributed to the 

differences in metabolic rates between TCAOB or TCAB to TCDD. 

The structural features of TCAOB and TCAB that account for their 

metabolic and elimination differences are the azoxy and azo linkage. The 

presence of the dichloroaniline-N-glucuronide in the bile following administration 

of TCAOB or TCAB confirms that these compounds are subjected to azo 

reduction followed by conjugation of the glucuronide to the amine group (Chapter 

Four). The data presented in Chapter Four also suggest that the intact azo bond 

is a unique functional group that undergoes glucuronidation. A putative TCAB-

glucuronide was present following administration of either TCAOB or TCAB dose. 

The metabolic pathway of TCDD, which is limited and relatively slow, is 

based on its structural characteristics. As mentioned before, the dog is the only 

species which has system which breaks both oxygen bridges that hold the two 

benzene rings of TCDD together (Poiger and Buser, 1984). However, the dog, 

which metabolizes most chlorinated hydrocarbons to a much greater extent, is not 

considered a good model in terms of relevance for man. Thus, for all other 

species, the oxygen bridges of TCDD stabilize the compound and increase its 

resistance to biotransformation. The azo and azoxy bonds of TCAB and TCAOB, 

respectively, accommodate biotransformation. 

The reduction of the azo bond, which enhances TCAOB and TCAB 

elimination, was a product of gut flora and mammalian tissue activity. The 

susceptibility of the azo bond to be reduced by mammalian tissue was indicated 
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by the presence of azo reduced metabolites in the bile following intravenous 

dosing of both TCAOB and TCAB (Chapter Four). The presence of chloraniline 

metabolites eliminated in the urine following administration of TCAOB or TCAB to 

gut sterilized animals indicates the involvement of mammalian tissue in azo 

reduction. Furthermore, the production of dichloroaniline following incubation of 

either TCAOB or TCAB with the liver homogenate strengthens this conclusion. 

Therefore, the extensive metabolism and elimination of these two compounds 

results from the combination of azo-reduction by both gut flora and mammalian 

tissues. 

It is interesting to note that TCAB produced more dichloroaniline than 

TCAOB following incubation with the liver homogenate. This difference Is 

attributed to oxygen species present in TCAOB. This oxygen may possibly inhibit 

the enzymatic based azo reduction of TCAOB to dichloroaniline. It is possible 

then that TCAOB must first be converted to TCAB before it can undergo azo 

reduction. This extra step would slow down the metabolism of TCAOB as 

compared to TCAB. 

The presence of the oxygen atom can also explain the differences in 

biliary elimination of TCAOB when compared to TCAB. The smaller amounts of 

the TCAB-glucuronide in the bile following TCAOB administration are consistent 

with the suggestion that TCAOB was converted to TCAB prior to conjugation. 

The scarcity of unchanged parent compound in the bile for TCAOB or TCAB 

indicates that removal of the oxygen is possibly the rate limiting step for 
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elimination. The fact that TCAB was excreted more readily in the bile than 

TCAOB also reflects the need to convert TCAOB to TCAB. Thus, it appears that 

the conversion of TCAOB to TCAB before it can undergo azo reduction or receive 

a glucuronide dictates it rate of elimination. 

A proposed metabolic scheme for TCAOB and TCAB is presented in 

Figure 6.1. The metabolites identified in the urine following administration of 

TCAOB or TCAB were all chloroaniline derivatives. Sulfate conjugates of mono 

or dichloroaniline derivatives were the major urinary metabolites with some of 

these metabolites undergoing N-acetyl conjugation. These chloroaniline 

conjugates can be eliminated relatively rapidly from the body. For both TCAOB 

and TCAB, several metabolites were present in the bile including glucuronide 

conjugates of dichloroaniline (DCA) and a putative glucuronide of TCAB (fomned 

from TCAOB as well as TCAB). It appears that TCAOB must first be converted 

to TCAB, which was then subjected to glucuronidation or azo reduction and 

conjugation. This conversion step appears to be responsible for the 

phannacokinetic differences presented for TCAOB and TCAB. Therefore, the 

overall conclusion was that the structural differences of TCAOB and TCAB to 

TCDD enhance the elimination of these two environmental contaminants. The 

relative rapid elimination, would result in limited interaction with the Ah receptor 

which translates to reduced or minimal Ah receptor mediated toxicity. 

Conversely, the extensive reduction of the azo bond of TCAOB or TCAB 

may result in other toxicities associated with chloroanilines. Aniline is known to 
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cause methemoglobin formation, increases hemopoitic activity and splenic 

toxicity (National Cancer Institute, 1978). It has even been suggested that 

aniline's interaction with the erythrocytes plays a role in aniline induced splenic 

tumors (Bus and Popp, 1987). Aniline has also been shown to induce sister 

chromatid exchange in mouse bone morrow and DNA single stand breaks in the 

liver and kidney of rats (Parodi et a!., 1982). The extensive reduction of the azo 

bond following exposure to TCAOB and TCAB could possible result in these 

aniline toxicities. Thus, the biotransformation of TCAB and TCAOB is critical to 

their overall potential for toxicity. Reduced azo reduction could promote Ah 

receptor mediated toxicity, while the products of azo reduction could lead to 

other toxicities. 
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