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ABSTRACT

EDB, which has been shown to be a stomach, lung, and skin 
carcinogen as well as a testicular toxin in laboratory animals, is a 
relatively weak hepatotoxin in rats and mice. Doses which caused a high 
mortality rate were needed to produce a hepatotoxic response charac

terized by centrilobular necrosis and elevated SGPT activities. The 

various pretreatment regimens employed to alter cytosolic and microsomal 

metabolism failed to lower the dose of EDB needed to produce liver 

toxicity. However, at doses which approached or exceeded the oral LD^q 

of the compound in rats, phenobarbital pretreatment seemed to enhance 
the severity of the hepatotoxic response to EDB when given orally to

rats, while diethylmaleate pretreatment tended to lessen the severity of
14the EDB induced hepatic lesion. Disposition studies with C-EDB, which

were undertaken to relate the distribution and metabolism of EDB to its
14organ toxicities, showed that the covalent binding of C-EDB to stomach

protein was greater than that of any other tissue analyzed, suggesting
that this known target organ of EDB toxicity may be limiting the amount

of parent compound available for metabolism and covalent binding in

other tissues. Changes in the covalent binding and disposition profiles
14of C-EDB seen after phenobarbital and diethylmaleate pretreatment 

suggest that cytosolic bioactivation may be largely responsible for the 

formation of the toxic binding species of EDB. The relative lack of 
hep at o toxicity produced by EDB may be due to extensive biotransformation, 

degradation, and covalent binding of EDB in tissues located at sites of
*
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expo sure s rapid detoxification of EDB by the liver because of pre
dominating phase I metabolism in this tissue, or relative insensitivity 
of the hepatocyte to the binding species of EDB at the levels present 
after a moderate oral dose.



INTRODUCTION

There can be no doubt that the development of chemicals to 

control crop-ravaging pests has been a great boon to both the agri

cultural industry and the consuming public. Pesticides have helped to 
improve the standard of living since their inception by increasing the 

abundance and quality of the worldT s food supply. However, pesticides 
by definition must produce adverse health effects in some living' 
organism in order to be efficacious. Unfortunately, although the 

target organisms involved in crop protection with pesticides are usually
non-mammalian species (insects, nematodes, etc.), accidental exposure to

•• : z
these chemicals can have deleterious effects on the health of non- 

target mammals, including man. Such is the case with the agricultural 

and industrial chemical, 1,2-dibromoethane.
1,2-dibromoethane, more commonly referred to as ethylene 

dibromide (EDB), is a clear, colorless, nonflammable liquid with a 

boiling point of 131.4°C, a density of 2.18 g/ml at 20°C, and a formula 

weight of 187.88 (NIOSH, 1977). It is prepared commercially by the 

liquid phase bromination of ethylene. If reaction temperatures are 

carefully controlled, the purity of EDB can approach 99.95%, with small 

amounts of vinyl bromide, ethyl bromide, and ethyl chlorobromide 

generated as side products (NIOSH, 1977). The U.S. production of EDB 

was 332 million pounds in 1974 (Fishbein, 1980).

EDB is used mainly as a soil fumigant to control nematodes 

attacking a variety of agricultural crops, and as a lead scavenger in

1



leaded fuels. It is also employed as a. disinfectant for stored crops, 
as a synthetic intermediate, and as a specialty solvent for resins, 
gums, and waxes (Johns, 1976). EDB is currently being considered for 
use in the fumigation of produce for control of the Mediterranean Fruit 
Fly (Reeves et al., 1981). As of 1975, over 100 pesticides registered 

with the U.So Environmental Protection Agency contained EDB (Going and 

Lohg, 1975), and an estimated 5 million pounds of the chemical were 

used on agricultural crops in the U.S, during this same year (Johns, 

1976) o However, since EDB was not a restricted material at this time, 
the estimated poundage probably understates its usage (Peoples, Maddy 

and Riddle, 1978).
The greatest potential risk of accidental EDB exposure to man 

occurs in the workplace (Olson et ale, 1973). According to NIOSH 

(1977), approximately 660,000 employees in the U.S. are at risk of 

being exposed to EDB while on the job, with workers involved in the 
manufacturing, formulation, and fumigation processes being most likely 

to come in contact with appreciable levels of the compound» Oser 

(1980) found that personnel involved with open systems operations 

during the manufacture and formulation of EDB, such as loading and 

unloading, drum cleaning, and sample collection, were exposed to 

ceiling levels of up to 12 parts per million (ppm) EDB in the air and 

to 8 hour time-weighted averages of up to 500 parts per billion (ppb) 
EDB via inhalation. The average level of EDB exposure to applicators 
during the fumigation process was found to be 252 ppb (Maddy, Cusick 

and Fredrickson, 1979). The current threshold limit value for EDB in
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the workplace air is 20 ppm, based on an 8 hour time-weighted average 
(NIOSH, 1977). However, NIOSH has recently proposed that the threshold 
limit value for worker inhalation exposure to EDB be reduced to 130 ppb, 

which is equivalent to one mg per cubic meter, and that skin exposure 
to the liquid be reduced to negligible levels (Peoples et al., 1978). 

Accidental exposure to EDB has also occurred by oral ingestion (NIOSH, 

1977). The general public may be exposed to low levels of EDB as a 
residue on fumigated crops. Levels of 1 to 2 ppm EDB have been found 

in fruit which M d  been fumigated 5 to 7 days prior to analysis (Maddy, 

Cusick, and Fredrickson, 1980).

Toxicity

EDB has been shown to elicit a variety of toxic responses in 

laboratory animals, including testicular atrophy and sterility (Short 

et al., 1979), squamous cell carcinomas of the forestomach (Olson et al., 

1973), respiratory tract neoplasms, and damage to the liver and kidney 

(Reznik, 1980; Broda, Nachtomi, and Alumet, 1976). EDB is mutagenic 

in bacteria (Brem, Stein, and Rosenkrahz, 1974) and Drosophilia : 

melanogaster (Vogel and Chandler, 1974), and has been found to have an 

oral LD^g in male rats of 146 mg/kg and in female mice of 420 mg/kg.

Death appears to be due to cardiac or respiratory failure, complicated 

by pulmonary edema (Rowe et al. , 1952). In humans, the adult lethal 

oral dose is about 5 ml. At lethal doses liver and kidney damage and 

CNS depression are often seen within 48 hours after oral ingestion 

(Peoples et al., 1978). EDB is a severe skin irritant, causing
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erythema5 edema, necrosis, and systemic toxicity after dermal exposure 
to 0.5 to 1 ml of undiluted material (NIOSH, 1977).

The adverse effects of EDB oil the testes have been well 
documented. Amir (1973) has shown that oral and intraperitoneal admin
istration of EDB to bulls resulted in a decrease in spermiogenesis and 
the production of abnormal spermatozoa, both of which are associated 

with decreased fertility. Edwards, Jackson, and Jones (1970) demon

strated that male rats given. 10 mg/kg EDB intraperitoneally for five 
consecutive days showed a substantially decreased ability to produce 

offspring during the third and fourth weeks after administration of the 

compound. After inhalation of 89 ppm EDB for 10 weeks, male rats 

showed atrophy of the testes, epididymis, prostate, and seminal 

vesicles, reduced serum testosterone levels, and failure to impregnate 

any females during a two week mating period (Short et al., 1979),

1,2-dibromo-3-chloropropane (DBCP), a nematicide which is structurally 

related to EDB, has also been shown to produce testicular lesions in 

rats (Torkelson et al., 1961; Kluwe, 1981b) and cause sterility in 

human males (Whorton et al., 1979).
EDB and DBCP have both been implicated as stomach carcinogens 

in rats and mice. Olson et al. (1973) reported that both compounds, 

when administered via chronic oral administration five times per week 

at predetermined maximum tolerated doses and half those doses, produced 
a high incidence of squamous cell carcinomas of the stomach in both 

species as early as 10 weeks after the initial dose. The tumors 
originated in the forestomach, invaded locally, and evantually 

metastisized throughout the abdominal cavity. A high incidence of
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mammary tumors were also seen in female rats dosed with DBCP. A 

similar study by Powers et al. (1975) confirmed the carcinogenicity of 
these compounds to the stomachs of rats and mice after chronic oral 
administration. Ward and Haberman (1974) further characterized the 
pathology of the stomach lesions produced by EDB and DBCP. The authors 

also found other types of tumors after chronic oral dosing, including 
intestinal tumors and mesotheliomas.

When EDB and DBCP were administered via inhalation to both rats 

and mice for six hours per day, five days per week for 13 weeks at 

doses of 3 to 75 ppm and 1 to 25 ppm, respectively, pre-neoplastic 

changes were seen in various parts of the respiratory tract (Reznik, 
Stinson, and Ward, 1980^. In animals dosed with DBCP, 25 ppm induced 

necrosis and atrophy of the olfactory epithelium and squamous meta-"
• ' x •

plasia and cytomegaly of the respiratory epithelium, including the

larynx, trachea, bronchi, and bronchioles. Lower concentrations of
■ / , ‘ ■■ ' ■ ■ ' ■ ' ' . ’ vDBCP (1,5 ppm) induced focal hyperplasia and cytomegaly in the region 

of the respiratory turbinals. EDB induced similar lesions with 75 ppm 

and only minor changes with lower doses. In accordance with this study, 

chronic and subchronic inhalation studies with both substances at 

levels of 0.6 to 40 ppm resulted in the formation of malignant tumors 
in the nasal cavities and lower respiratory tracts of both rats and 

mice (National Cancer Institute, 1980a,b). . Lung and stomach tumors have 
also been shown to be induced by chronic dermal application of EDB, DBCP 

and 1,2-dichloroethane .(ethylene dichloride), which.is a chlorinated 
structural analog of EDB (Van Duuren et al., 1979). However, EDB was



the only compound shown to produce a significant,incidence of skin 

papillomas and carcinomas by repeated skin application.

Although Reznik et al. (1980) found that 13 week inhalation 

exposures of EDB to rats and mice produced tubular.nephrosis* acute 

administration of EDB to rats has not been shown to result in marked 
nephrotoxicity. Rowe et al. (1952) found that rats acutely exposed to 
100 to 10,000 ppm via inhalation for durations that produced 50% 

mortality displayed slight interstitial congestion and edema in the 
kidneys, with slight cloudy swelling of the tubular epithelium in some 

cases. Short et al. (1979) showed that single oral doses of 10 to 100 

mg/kg EDB to male.rats did not produce renal toxicity, as measured in 

terms of blood urea nitrogen values of serum samples obtained 24 hours 
after dosing. In contrast, Kluwe (1981a) reported that DBCP produced 

nephrotoxicity in male F344 rats in a dose-responsive fashion after 

subcutaneous administration of single doses of 40 to 120 mg/kg. The 

renal injury consisted of proximal tubular necrosis, severe impairment 

of tubular function, and reduced glomerular filtration, resulting in 

increased urinary excretion of protein and several enzymes.

Although the toxic effects of EDB in known target organs, such 

as the stomach and testes, are well documented, the toxicity of EDB to 

the liver has not been well characterized. Broda et al. (1976) showed 

that 110 mg/kg EDB, which is about 85% of the LD^q of the compound, 

given orally to rats produced centrilobular necrosis, "balloon cell"
' V

formation, and sinusoidal dilatations in the liver, which were 

structurally similar to the morphological changes seen in carbon
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tetrachloride-induced hepatotoxicity* Administration of 110 mg/kg oral 
EDB to fasted rats caused a 2 fold increase in serum enzyme activities, 
which are indicators of liver damage, over vehicle controls. Rats which 
received food ad libitum and the same dose of EDB exhibited control 

levels of serum enzyme activities (Nachtomi, 1980). Short et al.
(1979) found no increase (over controls) in the serum enzyme levels of 

male rats dosed orally with 100 mg/kg EDB. .Nachtomi and Farber (1978) 

have found that EDB stimulates rat liver cell mitosis* and suggested 

that the mitogenic effects of EDB may be a prelude to necrogenic 

effects of the compound in the liver..

Kluwe (1981a) found that subcutaneous administration of 100 

mg/kg DBCP to rats, which produced severe renal injury, caused only 

mild periportal hepatocellular swelling in the liver which completely 

reversed within 72 hours. However, hepatocellular necrosis and 

markedly elevated serum enzyme activities were seen in five of six 

animals after subcutaneous administration of 120 mg/kg DBCP» Kluwe 

concluded that the hepatotoxic effect of DBCP was less prominent than 

the renal, testicular, or epididymal injuries.

Effects of Pretreatment on EDB Toxicity

Pretreatment with various inducers and inhibitors of microsomal 

and cytosolic metabolism have been known to have a profound effect on 
the toxicity of many compounds. Pretreatment of rats with pheno- 

barbital, which is a well known inducer of microsomal metabolism, has 
been shown to greatly enhance the hepatotoxicity of acetaminophen by 

increasing the formation of reactive intermediates (Mitchell et al.,
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1973)« Diethylmaleate pretreatment, which inhibits cyto:s.olic 
mtabolism, also enhances acetaminophen-induced hepatotoxicity by 
depleting hepatic glutathione levels, rendering the hepatocyte incapable 

of adequately detoxifying the reactive intermediates produced.during 
acetaminophen metabolism (Mitchell et al., 1973; Anders, 1978).
Ethanol and acetone have been shown to potentiate the hepatotoxicity 

of various halogenated hydrocarbons when given as pretreatment doses 
(Strubelt, Obermeier, and Siegers, 1978; MacDonald, 1981), The 

potentiating effects of these compounds are thought to result from 

their enhancement of cytochrome P-450-mediated metabolic activity in 

the liver (Sipes et al., 1973; Strubelt, 1980).

In contrast to its effect on other compounds which undergo 

microsomal bioactivation, phenobarbit al prevented the EDB-induced serum 

hepatic enzyme activity elevation seen in rats given the same small 

doses of EDB (10 mg/kg) without pretreatment (Nachtomi, 1980). From 

these results, the author speculated that, the microsomal bioactivation 

of EDB may not be responsible for the biological activity of the 

compound.
Disulfiram pretreatment, which has been reported to decrease the 

toxic and carcinogenic responses of several compounds (El-Hawari, 1978), 

has been shown to potentiate the toxicity and carcinogenicity of EDB 

(Plotnick et al., 1979; Millar, 1978; El-Hawari,1978). The mechanism 

of this toxic interaction is unclear, but is thought to involve the 

interference of disulfiram with either the microsomal or aldehyde 
dehydrogenase-mediated metabolism of EDB, preventing detoxification of 

the reactive intermediate(s) (El-Hawari, 1978).



Similarly, diethyldithiocarbamate pretreatment has been reported 
to inhibit microsomal cytochrome P-450 metabolism (Hunter and Neal,
1975; Siegers, Strubelt, and Schutt, 1976) and thereby diminish the 

hepatotoxic response to carbon tetrachloride (Sakaguchi et al., 1966; 

Lutz, Glende, and Recknagel, 1973) and the DNA damage caused by chemical 

carcinogens (Abanobi et al,, 1977). When given as a pretreatment dose 

prior to oral administration of EDB, diethyldithiocarbamate caused an 
increase in serum hepatic enzyme levels, which is indicative of liver 
damage, and potentiated DNA synthesis while failing to protect against 

EDB induced DNA strand breaks (Nachtomi, 1980; Nachtomi, 1981; Nachtomi 

and Sarma, 1977).. The author concluded from these studies that diethyl

dithiocarbamate, by interfering with the main pathway of EDB metabolism 

through glutathione-S-transferase, potentiates the dose effect of EDB, 

possibly by the prolongation of the biological half-life of EDB and of 

the reactive intermediate, S-bromoethyl-glutathione.

Distribution

After intraperitoneal dosing (40 mg/kg) in male RF/Hiraki mice,

■^C-EDB was rapidly distributed to a wide variety of tissues (Edwards
et al., 1970). One hour after dosing, the small intestine contained 2

14to 3 times the concentration of C found in the liver, kidney, or

plasma. By 24 hours, only the stomach, plasma, and kidney contained
14more than .1% of the total C dose.

Short et al. (1979) measured total radioactivity in liver,
kidney,.stomach, and testes four hours after the administration of oral

14doses of 10 and 100 mg/kg C-EDB to rats. At both doses, the amount
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14of C in stomach was greater than that of liver at the low dose, while 
14liver levels of C were slightly higher than stomach levels in the high 

dose animals. The testes showed the lowest levels of at both doses.

Plotnick et al. (1979) found that rats fed a diet containing 
disulfiram and exposed to ^C-EDB via inhalation displayed significantly 
higher tissue levels of at 24 and 48 hours when compared to "^.C-EDB 
exposed, animals fed a control diet. This indicates that disulfiram 

inhibits the metabolism and excretion of EDB. Plotnick and Conner 

(1976) also found that the excretion of EDB in the expired air repre

sented a significant (10-12% of the dose) route of excretion after 
intraperitoneal injection in guinea pigs.

Metabolism and Covalent Binding

The metabolism and covalent binding of EDB have been extensively 

studied, both in vivo and in vitro. Hill (1978) has provided evidence 

for the microsomal oxidation of EDB to a reactive bromoaldehyde inter

mediate, which can covalently bind to cellular macromolecules in vitro

and in vivo. The enzymatic activity in rat liver microsomes leading to
14the in vitro covalent binding of C-EDB to proteins was inducible by 

phenobarbital and required NADPH, indicating cytochrome P-450-mediated 

metabolism. The bromoaldehyde intermediate was proposed to be a . 
metabolite formed in the reaction system. Hill suggested that this 

reactive intermediate may be involved in the biological activity of EDB 

in vivo.
In vitro studies by Banerjee and Van Duuren (1979) further 

supported the correlation between enzyme-mediated microsomal

10
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bioactivation of EBB and covalent binding to tissues, SKF-525A, an 

inhibitor of oxidative metabolism (Cooper, Axelrod, and Brodie, 1954), 
was shown to block the binding of EDB to macromolecules in the presence 

.of hepatic or stomach microsomes, indicating the importance of the 

microsomal metabolism of EDB in the formation of the reactive species. 

In a subsequent study, these authors reconfirmed the role of the bromo- 

acetaldehyde intermediate set forth by Hill et al. (1978) by showing 

that 2 -br omo a c e t a Id ehy d e binding to protein and DNA was much more rapid 

and extensive than EDB binding (Banerjee, Van Duuren, and Kline, 1979).
Further studies by Banerjee, Van Duuren, and Oruambo (1980) on

s>

1,2-dichloroethane (EDC), which is metabolized via the same pathways 

as EDB (LiVesey and Anders, 1979), have shown that this chlorinated 

structural analog of EDB binds covalently to lung microsomal protein 

and salmon sperm DNA only in the presence of microsomes, whereas 

cytosol showed insignificant metabolic activation. In addition, when 

glutathione was added to the microsomal incubation, the binding of EDC 

to macromolecules was reduced, in accordance with earlier findings by 

the same authors for EDB (Banerjee and Van Duuren, 1979). When the 

extent of binding of EDC to DNA and protein was compared in lung and 

liver, .it was found that EDC interacted to a much greater extent with 

lung macromolecules than with those of liver. The authors correlated 

this, microsomally mediated binding with organ susceptibility to EDC- 

induced tumorigenesis, since EDC has been shown to produce lung tumors 

in mice (Van Duuren et al., 1979),
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In another in vitro activation study with EDC, Guengerich et 
al. (1980) found that the binding of EDC to protein was blocked by the 
classic P-450 inhibitors metyrapone, SKF-525A9 and C05 and was enhanced 
four fold by pretreatment of rats with the cytochrome P-450 inducer 
phenobarbital. Glutathione was shown to block the mixed function 
oxidase catalyzed binding of EDC to protein. The preceding results led 

the authors to conclude that the major portion of EDC binding to protein 

is due to the microsomal activation of EDC. Guengerich and coworkers 

further characterized the nature of the microsomal pathway of EDC 

metabolism by adding alcohol dehydrogenase and aldehyde dehydrogenase 

to the microsomal incubations, since these enzymes are thought to 

convert the reactive 2-chloroacetaldehyde to the less reactive compounds 
2-chloroethanol and 2-chloroacetic acid, respectively (Johnson, 1966). 

These experiments showed that 45% of the binding, of EDC to protein could 
be blocked by alcohol dehydrogenase while 30% could be blocked by 

aldehyde dehydrogenase, indicating that these enzymes play an important 

detoxification role in the microsomal metabolism of EDC.

DiRenzo, Gahdolfi, and Sipes (1981) investigated the in vitro

microsomal bioactivation and covalent binding of 10 aliphatic halides
to DNA, and found that EDB exhibited the.greatest degree of binding to

DNA of the compounds studied. The authors also noted that those

aliphatic halides which showed the highest level of covalent binding to

DNA were those most frequently shown to be carcinogens in laboratory

animals, suggesting that covalent binding to DNA may be associated with
the initiation of carcinogenesis. In vitro studies carried out in our

14laboratory have also shown that the binding of C labelled EDB to
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microsomal protein was greater than that of any other halogenated hydro

carbon tested,'including well documented hepatotoxins and carcinogens 
such as carbon tetrachloride and chloroform-

Although glutathione usually serves to detoxify reactive inter

mediates formed by the bioactivation of many compounds (Orrenius and 
Jones, 1978), Rannug, Sundvall, and Ramel (1978) has shown that 
glutathione and hepatic cytosol are needed to convert EDC and EDB to 

mutagens, suggesting that glutathione conjugates of these, compounds are 

involved in the formation of the mutagenic species. This activation 

was shown to be NADPH-independent and non-microsomal« Since a syn

thetic glutathione conjugate of EDC gave a strong direct mutagenic 

effect at concentrations where no effects were seen with EDC, it- was 

concluded that EDC was activated by conjugation to glutathione.

Van Bladeren et al. (1980) also showed the importance of 

glutathione in the metabolism of EDB to a mutagenic species- The 

mutagenicity of EDB towards Salmonella typhimurium TA100 was con

siderably enhanced by the addition of the 100,000 g supernatant 
fraction, which contains only cytosolic substrates and enzymes, whereas 

the addition of microsomes had no effect, indicating that the primary 

glutathione adduct is responsible for the mutagenic effect. When the 
hypothesized mutagenic intermediate S-2-bromoethyl-N-acetyl-cysteine 

methyl ester was synthesized, it proved to be a very reactive and 

highly mutagenic compound, which could be further metabolized and 

thereby detoxified by glutathione conjugation-
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Guengerich et al. (1980) have demonstrated that the binding of 

EDO to microsomal protein is mediated by cytochrome P-450 and blocked 
by glutathione. However, they also found that the binding of EDO to 
DNA is stimulated by glutathione in a synergistic manner. In 
accordance with previous studies by Rannug et al. (1978) and Van 

Bladeren (1980), Guengerich et al. also found that the adducts which 

gave rise to mutagenesis resulted almost exclusively from the cytosolic 

bioactivation of EDO catalyzed by glutathione-S-transferase. The 
authors speculated that the cytosolic bioactivation of EDG may be more 

biologically important than microsomal bioactivation, since mutagenesis 

and DNA binding seem more relevant to carcinogenesis than protein 

binding; however, they did not rule out an epigenetic mechanism for 
tumor promotion based on alterations due to micro soma lly mediated 

protein binding.
Van Bladeren (1981b) provided further evidence supporting the 

role of the cytosolically generated intermediate, S-2-bromoethyl- 

glutathione, in the carcinogenicity of EDB. Using disulfiram 

pretreatment, which has been shown to potentiate the carcinogenicity of 

EDB (Plotnick, 1978), it was demonstrated that formation of the 

microsomal reactive intermediate, 2-bromoacetaldehyde, was completely 
blocked by this compound. Therefore, Van Bladeren inferred from these 

results that the S-2-bromoethyl-glutathione intermediate must be 

responsible for the increased incidence of carcinogenicity seen after 

disulfiram treatment.
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Based on the studies previously cited, a metabolic scheme for 

EDB is shown in Figure 1 in which two likely pathways for the formation 
of the same mereapturic acid conjugate have been proposed, both of 

which produce a reactive intermediate. The first pathway involves 

direct conjugation of EDB to glutathione, giving rise to a reactive 

half-mustard (episulfonium ion). Subsequent reaction with water via 
the intermediate episulfonium ion then leads to the 2-hydroxyethyl 
Adduct. Reaction of the episulfonium ion with a second molecule of 

glutathione could lead to either a double conjugate (Nachtomi, 1970) or 
ethylene (Livesey and Anders, 1979). In the second proposed pathway,

EDB undergoes microsomal oxidation to the reactive intermediate 2-bromo- 

acetaldehyde (Hill et al., 1978; Banerjee et al., 1979). This ' 
intermediate is then conjugated to glutathione, a true detoxification 

step in this case, followed by reduction of the aldehyde group, leading 

to the 2-hydroxy-ethyl adduct. The 2-bromoacetaldehyde compound may be 

alternatively oxidized to 2-bromoacetic acid by aldehyde dehydrogenase, 
or reduced to 2-bromoethanol by the enzyme, alcohol dehydrogenase.

Based on this metabolic scheme, Van Bladeren (1981a) conducted 

in vivo studies to determine the relative importance of the formation of 

the microsomal and cytosolic reactive, intermediates from EDB. These 

studies involved the use of tetradeuterated EDB to assess the route by 

which the principal metabolite of both pathways, N-acetyl-S-2- 

hydroxyethal-L-cysteine, was formed. Since only direct conjugation with 

glutathione would result in the retention of all four deuterium atoms, 
formation of the conjugate via this route could be differentiated from
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formation through the bromoacetaldehyde, during which carbon-deuterium 

bonds are broken., resulting in three or less deuterium atoms on the 

final molecule. Using this method. Van Bladeren showed that the 

oxidative and conjugative routes of EDB metabolism occurred in a ratio 
of about 4:1. He concluded from these results that although the 
oxidative route is quantitatively more important in the formation of 
the mercapturic acid derivative, the direct conjugation of EDB with 
glutathione, which gives rise to a carcinogenic and mutagenic inter

mediate, plays a significant role in vivo.

In support of Van Bladeren's studies. White et al. (1981) 

showed that deuterated EDB, which inhibits the microsomal oxidation of 

EDB, caused significantly greater damage to hepatic DNA, as measured by 

single-strand breaks, than did unlabelled EDB when the compounds were 

administered intraperitoneally to mice. Measurement of serum bromide 

ion concentrations from both groups indicated that deuterated EDB 
decreased the overall metabolism of EDB by 42%. The authors inferred 

from these results that glutathione conjugation is largely responsible 

for the toxicity of EDB, since the inhibition of microsomal metabolism 

resulted in increased DNA damage.

Statement of the Problem

Even though prior studies have shown that EDB is bioactivated 

and binds readily to hepatic subcellular macromolecules in the presence 
of both microsomal and cytosolic hepatic enzymes, the hepatotoxicity of 

EDB has not been well defined. However, EDB has been shown to be 

carcinogenic in various organs of rats and mice, and mutagenic to
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bacteria. There has been much debate about whether the reactive inter
mediate responsible for the toxic manifestations of EDB is generated 
from the microsomal or cytosolic pathway.

In this study, the hepatotoxicity of EDB in rats and mice will 

be characterized by serum enzyme and histological analysis under 

various pretreatment conditions employed to alter microsomal or 

cytosolic bioactivation. In addition, changes in the disposition of 

EDB under these pretreatment conditions will be followed in rats by 

monitoring the chemical and radiochemical fate of uniformly labelled 
■^C-EDB, An attempt will be made to relate the disposition of EDB to 

its toxicity profile in the liver and other organs, and to further 

elucidate which metabolic pathway is responsible for the formation of a 

toxic binding species generated from EDB.



MATERIALS AND METHODS

Animals
Male5 CD-I mice weighing 20-35 g were obtained from Charles 

River (Boston, MA). They were housed 5 to 6 animals per stainless steel 
cage, which contained pine shavings as bedding.

Male, Sprague-Dawley rats (250-400 g) were obtained from the 

Department of Animal Resources, University of Arizona. These were 
housed 2 per cage in stainless steel wire cages.

All animals were fed Wayne Lab Blox (Allied Mills, Chicago, XL) 

and tap water ad libitum. Lighting was controlled to provide a cycle 

of 12 hours light and 12 hours darkness. Room temperature and humidity 

were set and maintained at 22°C and 55%, respectively. After arrival, 

all animals were allowed at least 5 days to adapt to their new 

surroundings before experiments were undertaken.

Chemicals
Reagent grade 1,2-dibromoethane was purchased from Matheson,

Coleman, and Bell. (Norwood, OH), then distilled to 125°C in our
14laboratory to further increase purity. Radiolabelled C-1,2- 

dibrpmoethane was obtained from New England Nuclear (Boston, MA),

Reagent grade 1,2,3-trichloropropane was obtained from Mathe son,
Coleman, and Bell, Carbon tetrachloride (spectrophotometric grade) and 

sodium phenobarbital were purchased from Mallinckrodt, Inc. (St. Louis, 
MO). Serum glutamic-pyruvic transaminase kits, reduced glutathione.

19
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and diethylmaleate (practical grade, 94%) were all obtained from Sigma 
Chemical Co, (St, Louis, MO), Reagent grade ethanol and acetone were 

purchased from U.S, Industrial Chemicals Co, (New York, NY) and Fisher 
Scientific Co, (Fair Lawn, NJ), respectively. Hexane (UV grade) was 
obtained from Burdich and Jackson Labs, Inc, (Muskegon, MI)Betaphase 

scintillation fluid was purchased from Westchem Products (San Diego,

CA), Distilled, deionized water was used to prepare all buffers and to 
dilute all acids and bases to desired concentrations^

Pretreatment Regimens

Phenobarbital pretreated animals received an intraperitoneal 

dose of 100 mg/kg sodium phenobarbital, followed by 1 mg/ml of sodium 
phenobarbital in the drinking water for 5 days* Phenobarbital-free tap 

water was returned to the animals on the 6th day. FDD dosing was :, 

performed on the 7th day after the initial bolus dose of phenobarbital*
Diethylmaleate was administered intraperitoneally at a dose of 

0* 6. ml/kg* Mice received 0,1 to 0* 2 ml of a 10% solution in sesame 
oil, while rats were dosed with 0.1 to 0.2 ml of diethylmaleate neat.

Ethyl .alcohol was administered to mice by oral intubation as 

a 1:1 (v/v) mixture with distilled water. Doses of alcohol were 5 ml/kg 
in a multiple pretreatment dose regimen and 6 ml/kg as a single pre- 
treatment dose. The multiple dose pretreatment regimen consisted of 

administration of the ethanol solution at 48, 42, 24, and 18 hours 

prior to dosing with EDB. The single pretreatment dose was given 16 to 

18 hours prior to EDB or carbon tetrachloride dosing.
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Acetone was administered by oral intubation as a 50% solution 

in distilled water. It was given as a single pretreatment dose of 
2.5 ml/kg, 16 hours prior to EDB. dosing,

Hepatotoxicity Studies
Mice received EDB in a corn oil vehicle at doses of 0 to 

300 mg/kg. In an attempt to identify optimum conditions for EDB 
hepatotoxicity, mice were pretreated with alcohol, acetone, pheno- 

barbital, diethylmaleate, and phenobarbital and diethylmaleate in 
combination, and were administered EDB both orally (via gavage tube) 

and intraperitoneally. Both fasted (16 to 18 hours prior to EDB) and 
fed groups were included. In a positive control group, carbon tetra

chloride was administered to mice intraperitoneally in a corn oil 

vehicle at a dose of 0.01 ml/kg. Both alcohol pretreated and control 

(non-pretreated) animals received doses of carbon tetrachloride.

Dosing volumes for both EDB and carbon tetrachloride ranged from 0,1 to 
0.35 ml per mouse. All mice were allowed food and water ad libitum 

subsequent to dosing.,
EDB in a corn oil vehicle was administered orally (via gavage 

tube) to both control (non-pretreated) and pretreated rats. Pre- 

treatment groups included rats administered phenobarbital only, 

diethylmaleate only, and phenobarbital and diethylmaleate in combination 

prior to EDB. Doses of EDB ranged from 0 to 175 mg/kg and dosing 

volumes from 0.1 to 0.4 ml per animal. All rats were fasted 16 to 18 
hours prior to EDB dosing, and allowed free access to food and water 

subsequent to EDB treatment.
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The animals were sacrificed at various time points (12 to 48 
hours) by carbon dioxide administration. Blood was immediately 
withdrawn from the inferior vena cava into a heparin-coated.syringe and 

transferred to a plastic test tube.. Serum was obtained by centrifuging 

the clotted blood sample at 3,000 rpm for 10 minutes and drawing off 

the top layer. The serum sample was then stored at 4°C for a maximum 
of 48 hours and analyzed for serum glutamic-pyruvic transaminase (SGPT) 
activity (Sigma Technical Bulletin No. 55-UV), which is indicative of 
liver damage. Elevated standards were analyzed simultaneously with 

samples to ensure the accuracy of the method.

Liver sections (2-4 mm) were obtained immediately after 

sacrifice. These were promptly placed into phosphate buffered . 
formalin (10%) for a minimum of 72 hours to ensure complete penetration 
of the fixative into the tissue. The preserved specimens were then 

sectioned in paraffin, mounted on slides, and stained with hematoxylin 

and eosin to elucidate cytoplasmic and nuclear detail under light 

microscopic scrutiny (Putt, 1948).

14C-EDB Disposition Studies

Rats were dosed by oral intubation with a solution prepared by
14mixing unlabelled EDB in a. corn oil vehicle with C-EDB. The 

resulting mixture contained 100 mg/ml EDB with a specific activity 

ranging from 0.085 to 0.110 pCi/pmole of EDB between experiments» The 

rats received a dose of 100 mg unlabelled EDB per kg body weight and 10 

to 16 yCi ~^C-EDB per animal. All animals were fasted overnight (16-18 

hours) prior to dosing. Phenobarbital and diethylmaleate pretreated
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groups were included along with non-pretreated animals. Control (non- 

pretreated) rats were sacrificed by CO^ administration at .25, .5, 2, 4, 

and 8 hours, while pretreated animals were sacrificed at .5, 2, and 4 
hours. Liver, kidney, lung, muscle, fat, whole blood1, testes, and 
stomach were then quick-frozen between blocks of dry ice immediately 
after sacrifice,then stored in plastic bags at ~70°C until processed. 

Tissues were then analyzed for levels of EDB (parent compound), total 

content, and covalent binding of "^C to protein.

Gas Chromatographic Assay for EDB

Levels of EDB in tissues from rats dosed with 100 mg/kg ~^C-EDB 
were determined by gas liquid chromatography using a modification of a 

method reported by Ruddich, et al. (1979) for 1,2-dibromo~3-chloro- 
propane.

Samples (approximately 1 g) of liver, kidney, lung, fat, muscle, 

testes, and whole blood, which had been frozen at -70°C immediately 

following sacrifice of the animals, were weighed frozen and placed in a 

25 ml screw-cap test tube containing 10 ml of ice-cold 100% ethanol.

Each tissue sample was then homogenized (0,5 to 2 minutes at high 

speed) in the 100% ethanol using a Tekmar Tissuemizer (Cincinnati, OH), 

Following centrifugation at 3,000 rpm for 10 minutes, two ml of the 

resulting supernatant were added to 8 ml of 1 M NaCl in a 15 ml screw- 
cap centrifuge tube. One ml of hexane, containing 1,2,3-trichloropropane 

(TCP) at 1 ug/ml as an internal standard, was added to the tube, which 
was then shaken and centrifuged at 3,000 rpm for 10 min to aid in the 
separation of the hexane phase from the aqueous phase. A 3 pi volume
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of the hexane phase was then injected onto a Varian 3700 gas chromato
graph equipped with a Varian ODS 111 data system (Varian Associates,
,Walnut Creek, CA), and a 6T x 1/8" stainless steel column containing 
10% 0V-101 on 100/120 mesh Chromosorb W, The injection port was 

maintained at 150°C, the column at 90oC, and the detector at 310°C.

The flow rate of the carrier gas, nitrogen, as 30 ml/min„ with a 
nitrogen purge rate of 60 ml/min.

The internal standard, TCP, was employed to minimize errors 
caused by unavoidable variation in injection volumes between samples, 
and thus increase reproducibility. This particular compound was 
selected as an internal standard because it has a retention time which 

is similar to that of EDB, but still is well resolved from EBB under the 

above gas chromatographic conditions. Retention times for EDB and TCP 

were 1.59 and 2.85 minutes, respectively.

The efficiency of the method was determined by adding a known 

amount of standard EDB to tissues followed by homogenization and 

extract ion Recoveries were found to be 98.4% ± 6.3 S.D. when compared
with the same concentration of EDB added directly to hexane.. The 

detection limit of EDB added to blank tissues extract was .005 ng EDB 

per yl injection. Sample reproducibility was determined by analyzing a 

hexane extracted tissue sample (from an EDB dosed rat) in triplicate. 

When expressed as a coefficient of variation, the reproducibility was 

found to-be 2.54%. The response of the system to EDB was linear over 

the range of concentrations found in tissue samples. The linear range 

is shown in the calibration curve located in Appendix A, A sample 
chromatogram is also included in the appendix.
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Standards were prepared by making serial dilutions of an EDB 

stock solution (10 yg/ml) with hexane containing the internal standard 

at 1 yg/ml. Samples were quantified by comparing EDB/TCF peak area 
ratios with those of the standard solutions. Sample concentrations were 
expressed as nmoles EDB per mg tissue.

14Total C in Tissues

Portions of tissues from rats dosed with EDB were weighed

(80-120 mg) in 20 ml glass scintillation vials, and digested by adding

1 ml of 1 N NaOH. The vials were then sealed and placed on a shaking

incubator at 50°C overnight to aid digestion. After the tissues were
completely dissolved, 1 ml of 1 N acetic acid was added to neutralize

the solution, followed by 100 yl of 30% to bleach those samples

which were highly colored. Fifteen ml of Betaphase scintillation.fluid
14were then added to the digested, neutralized tissues. Total C

content was determined by liquid scintillation counting and expressed 
14as nmoles C equivalents per mg tissue.

14Covalent Binding of C-EDB 
to Tissue Protein

Tissue sections weighing approximately 500 mg were homogenized 

in 1.5 ml of . 05 M Tris-KCl using a Tekmar Tissuemizer (Cincinnati, OH). 

Eight ml of ice-cold 100% ethanol were added to the homogenate, which 

was shaken and centrifuged for 15 min. at 3,000 rpiru After the super
natant was discarded, the remaining pellet was washed with 4 ml of a 

1:3 mixture of CHCl^ and ethanol, and again centrifuged for 15 min. at
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3,000 rpm. This procedure as followed by sequential washes with .4 ml of 
cold 100% ethanol, 4 ml of 0.01 N HC1, 4 ml of methanol:ether (3:1), and 
2 ml of acetone* Centrifugation followed each of the above additions, 

with the resulting supernatant discarded each time.

The remaining pellet was then allowed to dry in a hood over

night after which it was resuspended in 2 ml of 1 N NaOH. After the 

pellet was completely digested (3-4 hours), a 500 pi aliquot of the 
solution was added to a 20 ml glass scintillation vial, followed by 
neutralization with 500 pi of 1 N acetic acid. Hydrogen peroxide (30%)

was again added if necessary, this time -at a volume of 50 pi. After.
1415 ml of Betaphase were added, the samples were analyzed for C

radioactivity by liquid scintillation counting. Covalent binding was
' 14 'quantified as nmoles C equivalents bound/mg protein.

Protein concentration was determined using the biuret method 

(Cornell, Bardawill, and David, 1949). An aliquot (100 p - 250 pi) of 

the digested protein pellet was brought to a volume of 0.5 ml with 1 N 

NaOH. Biuret reagent (2.5 ml) was then added to the tube, which was 

vortexed and let stand at room temperature for 30 min. An absorbance 

reading was then taken for the sample at 540 nm on a Gilford 300 

Spectrophotometer. Absorbance values were then compared with those of 

bovine serum albumin standards to obtain concentrations for samples in 

mg/ml. A color blank comprised of 0.5 ml in NaOH and 2.5 ml biuret 
reagent was also included and subtracted from each value prior to 

quantification.



Liquid Scintillation Counting

A Beckman 8100 liquid scintillation system was employed to 
determine the content of the tissue (total ^C) and protein

(covalent binding) samples which had been suspended in Betaphase as 
•previously described.

A quench curve, which relates the extent of quenching in a

sample to a counting efficiency, was prepared by calibrating the 
14instrument with C toluene standards in Betaphase scintillation 

cocktail. Using information from this curve, disintegration events 

were obtained for each sample after a counting time of 10 minutes. 

Random coincidence monitoring was utilized to ensure that only true 
disintegration events were recorded as counts.

Statistics

Statistical analysis was performed using the Student's t-test 

to determine whether the difference between two means was significant. 

The groups were judged significantly different when a p value of less 

than 0.05 was obtained.



RESULTS

Hepatotoxicity, of EDB in Rats and Mice

EDB failed to produce marked hapatotoxicity in either rats or 

mice at doses which did not also produce a substantial number of deaths. 

The various pretreatment regimens employed did not seem to enhance the 
the hepatic damage, as assessed by SGPT activity and histology, over that 

seen with EDB alone at non-lethal doses. However, liver necrosis and 
elevated SGPT activities were noted in some animals near or above the 

reported LD^q doses in both rats and mice.

Mice

The data in Table 1 show SGPT activities at 24 hours after 

intraperitoneal and oral injections of EDB in mice at doses ranging from 

100-300. mg/kg. Necrosis and SGPT activities of more than 500 Karmen 
units/ml were seen only at doses of 300 mg/kg, and then were accompanied 
by a mortality rate of at least 50%. Attempts to potentiate the 

hepatotoxicity of EDB by pretreatment with ethyl alcohol, acetone, and 

phenobarbital, which all induce mixed function oxidase activity, were 

unsuccessful. Pretreatment with diethylmaleate, which depletes 

glutathione, and phenobarbital and diethylmaleate in combination also 

failed to potentiate the hepatotoxicity of EDB.
In a comparative control study, animals induced with ethanol 

(6 ml/kg, 18 hours prior to dosing) and dosed intraperitoneally with
28
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Table 1. Hepatotoxicity of EDB in male CD-I mice. X

EDB Dose (mg/kg) Treatment^ SGPTC . . Mortality^
100-IP3 DEM 50- ± 20 0/3
100-IP PB + DEM 52 ±17 0/4
100-IP FED 36 ± 13 0/4
150-ORAL FASTED 30 ±11 0/6
150-ORAL ETHANOL 33 ± 5 1/4
150-ORAL ACETONE 43 ± 7 1/4
200-IP FED 42 ± 17 1/4
200-IP PB 30 ± 7 1/4
200-IP DEM 429 ± 3/4
250-ORAL FASTED 66 ± 6 0/4
300-ORAL FASTED 1252 ± 337 3/6
300-IP FED 264 8/9
300-IP DEM — 4/4
300-IP PB — 4/4
300-IP PB + DEM -- 4/4
300-ORAL ETHANOL — — 4/4
300-ORAL ACETONE — 4/4

o \Route of administration. IP = intraperitoneal

k FASTED: Food withheld 16-18 hours prior to EDB
DEM: Die t hy Ima 1 e a t e - 0.. 6 ml/kg IP, 20-30 min prior to EDB 
PB: Phenobarbital - 100 mg/kg IP, followed by 5 days 1 mg/ml PB in. 

drinking water
ETHANOL: 6 ml/kg p.o. , 16-18 hours prior to EDB

. ACETONE: 2.5 ml/kg p.o., 16-18 hours prior to EDB

C Mean Karmen units/ml ± S.E. at 24 hr.

^ At 24 hr, number dead/total number dosed
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0.01 ml/kg carbon tetrachloride displayed average SOFT activities of 
greater than 35000 Karmen units/ml (Table 2). This dose of carbon 
tetrachloride corresponded to less than one twentieth of the LD^q of 

the compound) and produced no mortality.

Morphologically, 300 mg/kg EDB produced some focal centrilobular 

necrosis and hydropic changes ("balloon cells") in mouse livers at 24 

hours post-dosing (Fig. 2). . The centrilobular orientation of the 

necrosis and the nature of the hydropic changes produced by EDB are 

similar to histological changes seen in carbon tetrachloride induced 

hepatoxicity. The latter compound, however, produced a much more 

extensive necrosis, offer including the midzonal regions of the liver 
lobule (Fig. 3).

Rats
Based on the preceding studies in mice, optimum conditions for 

EDB-induced hepatotoxicity (characterized by elevated SGFT activity and 
liver necrosis) with minimum mortality include fasting the animals prior 

to dosing, and administering the compound orally. Therefore, subsequent 

hepatotoxicity studies with EDB in rats were performed using these study 

.parameters.

Oral administration of 50 to 175 mg/kg EDB to pretreated and 

control (nonpretreated) rats did produce markedly elevated SGFT 

activities at 24 hours, but only at doses which approached or exceeded 

the LD̂ -q of the compound (Table 3). Even at these dose levels, the 

large standard errors show that the response between animals within



Table 2. Hepatotoxicity of CCl^ in male CD-I mice.

Treatment SGPTC . .

CCl^ only3- 52 ± 12
CC1. + Ethanol^ 4 13287 ± 291d

0.01 ml/kg intraperitoneally in corn oil 

k 6 ml/kg orally, 18 hrs. prior to CCl^
C' ■ ' ■ ; xMean Karmen units/ml ± S.E., N = 5 

^ Significantly different from controls (p <-05)



Figure 2. Hematoxylin and eosin (H + E) stained liver section from a 
fasted mouse 24 hrs after oral administration of 30 mg/kg 
EDB (x 175). -- SGPT activity= 900 Karmen units/ml. 

32 
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Figure 3. H + E stained liver section from a fasted, ethanol pretreated 
mouse 24 hours after intraperitoneal administration of 
0.01 ml/kg cc14 (x 175). -- SGPT activity= 3584 Karmen 
units/ml. 



34

Table 3. Hepatotoxicity of oral EDB in fasted rats.a

Group
EDB Dose (mg/kg)

50 110 125.... 175

EDB only 27 ± 1 67 ± 26 916 ± 750b 620 ± 500

PB + EDB 27 ± 1 25.4 ± 147 1509 ± 1384 5511 ± 1421cd

DEM 4* EDB 27 ± 6 40 ± 5 295 ± 111 730 ± 382

3 SGPT activities —  mean Karmen units/ml ± N = 4

^ Mortality seen in 1/4 rats 
C Mortality seen in 2/4 rats 

p <.05 versus EDB only.d
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dosing groups was extremely variable. Although the great variability 

and mortality made statistical treatment difficult, phenobarbital pre
treated animals did show a significant (p <.05) increase in SGPT 

activity at 175 mg/kg EDB over that seen in nonpretreated animals dosed 
with EDB at this level. In those animals which exhibited a hepatotoxic 

response to EDB* phenobarbital pretreated rats displayed more 

dramatically elevated SGPT activities than did nonpretreated rats, while 

SGPT levels from responding animals pretreated with diethylmaleate were 

consistently lower than EDB control levels. Mortality rates of up to 
25% and 50% were seen at the higher dose levels of EDB in phenobarbital 

pretreated and nonpretreated rats, respectively. No deaths were seen in 
diethylmaleate pretreated animals.

Histological/sections of livers taken from rats dosed with EDB 
displayed morphological changes which were similar to those seen in 

EDB treated mice. Focal centrilobular necrosis is seen in fasted rats 

treated with 175 mg/kg EDB, accompanied by hydropic changes in the 

hepatocytes immediately surrounding the necrotic area (Fig. 4). At a 

dose of 175 mg/kg EDB, phenobarbital pretreated rats displayed more 

extensive hepatocellular damage than nonpretreated rats, a finding which 

was consistent with differences in their respective SGPT activities 

(Fig. 5). In this section, the necrosis extends into the midzonal 
region of the liver lobule, accompanied by extensive hemorrhage and 

inflammation. Pyknotic nuclei., which are indicative of cell necrosis, 

can be seen in the centrilobular area. In contrast to phenobarbital, 

diethylmaleate pretreatment failed to increase the extent of hepatic
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Figure 4. H + E stained liver section from a fasted rat 24 hrs after 
oral administration of 175 mg/kg EDB (x 175). SGPT 
activity = 2112 Karmen units/ml. 



Figure 5. H + E stained liver section from a fasted, phenobarbital 
pretreated rat 24 hrs after oral administration of 175 
mg/kg EDB (x 175). -- SGPT activity= 8520 Karmen units/ml. 
Centrilobular area appears in lower right-hand portion of 
photograph. 
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damage produced by EDB alone (Fig, 6). Again, hepatocellular damage is 

confined to the centrilobular area, with periportal and midzonal 

vacuolization evident, this time in the absence of "balloon cells".

Disposition Studies

Tissue Concentrations of EDB

When administered orally to rats at a dose of 100 mg/kg,

EDB'was rapidly (within 15 minutes) taken up by all tissues (Fig. 7). 

Peak levels of EDB were reached in 30 minutes or less after dosing in 

all tissues except fat, which reached maximal EDB concentrations at two 

hours. In most tissues, levels of EDB fell rapidly between 15 and 30 
minutes post-dosing, which, corresponded to a rapid Increase in total 

■ C levels during this period of time (Fig. .8), suggesting that sub

stantial metabolism of EDB is occurring between 15 and 30 minutes after 

dosing. EDB did not appear to be stored, as evidenced by the relatively 

low levels of the compound found in all tissues at eight hours.
Peak levels of EDB in fat were ten fold higher than those found 

in liver at two hours, indicating that EDB is reaching peripheral 

tissues. Fat levels decreased rapidly between two and four hours due to 

redistribution. Highly perfused tissues such as kidney and muscle 

contained EDB in concentrations which were comparable to liver levels.

Phenobarbital pretreatment did not significantly alter levels of 

EDB in any of the tissues when compared to controls, even though a 

generalized decrease in EDB levels was seen in the livers of pheno

barbital pretreated animals at all. timepoints. However, livers from

38



Figure 6. H + E stained liver section from a fasted, diethylmaleate 
pretreated rat 24 hrs after oral administration of 175 
mg/kg EDB (x 175). -- SGPT activity= 1648 Karmen units/ml. 
Centrilobular area appears in lower left-hand portion of 
photograph. 
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Figure 7. Tissue concentrations of EDB versus time following oral administration of 100 mg/kg C-EDB 
to pretreated (phenobarbltal, dlethylmaleate) and nonpretreated (control) rats. —  Each 
point represents the mean ± S.E. for 4 animals. Values significantly different from
control levels are indicated, a.
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Figure 3. Disposition of total C in tissues versus time after oral administration of 100 mg/kg ^C- 
FDB to pretreated (phenobarbltal, dietbylmaleate) and nonpretreated (control) rats. —  Each 
point represents the mean ± S.E. for 4 animals. Significantly different from control levels 
(p <.05) are indicated, a. H
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diethylmaleate pretreated rats did show significantly (p <.05) elevated 
amounts of EDB over controls at 30 minutes (Fig. 9), indicating either 
slower metabolism of the compound by the liver or decreased metabolism 

by other tissues, allowing more EDB to reach the liver as parent 

compound. A general trend toward higher EDB levels after diethylmaleate 

pretreatment compared to control levels was noted at the four hour 
timepoint in kidney, testes, and lung, which are all highly metabolic 
tissues (Fig. 7).

Blood concentrations of EDB in diethylmaleate pretreated animals 
were significantly (p <.05) higher than control levels at four hours, 

again suggesting a decrease in EDB metabolism as a result of diethyl- 
maleate pretreatment (Fig. 10). Phenobarbital pretreated rats displayed 

a slight decrease in blood EDB levels at the.earlier time points, which 

was not statistically significant.

Levels of EDB in stomach were not determined, since preliminary 

studies indicated that residues of EDB on the surface of this tissue 

as a result of oral dosing could not be completely removed, and there

fore would result in erroneously high and extremely variable tissue 

concentrations of EDB.

Total Radioactivity in Tissues

After oral administration of ^C-EDB to rats, total levels 

increased rapidly between 15 and 30 minutes in all tissues (Fig. 8). 

Highest levels of "^C (approximately 1 nmole/mg tissue) were seen in 

liver and kidney between two and four hours post-dosing, suggesting a
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Figure 9. Concentrations of EDB in liver versus time after oral
administration of 100 mg/kg ^C-EDB to pretreated (PB = 
phenobarbital, DEM = diethylmaleate) and nonpretreated 
(control) rats. —  Each point represents the mean ± S.E. 
for 4 animals. Values significantly different from control 
levels are indicated, *.
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Figure 10. Concentrations of EDB in blood versus time after oral 
administration of 100 mg/kg ^C-EDB to pretreated (PB 
phenobarbital, DEM = diethylmaleate) and nonpretreated 
(control) rats. —  Each point represents the mean ± S. 
for 4 animals. Values significantly different from 
control levels (p <.05) are indicated, *.
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rapid accumulation of polar metabolites at these excretory sites, since
corresponding levels of EDB in these tissues were very small. The amount

of EDB present was approximately 0.01 to 0.02 nmoles/mg tissue in the
14liver (1 to 2% of the total C) and 0.008 to 0.02 nmoles EDB/mg tissue

in the kidney (0.5 to 6% of the total content) at every time point

in non-pretreated (control) animals (Table 4). Unlike blood, lung, and

testes, in which levels rose throughout the time course, liver and 
14kidney C content decreased between four and eight hours, probably due

to clearance of "^C-EDB metabolites by these organs.
14The content of C in the fat of non-pretreated rats was very 

similar to levels of parent compound in this tissue, indicating that
very little accumulation of EDB metabolites was occurring in adipose

14 1tissue. The time course of C disposition in the fat was also similar
14to that seen with the parent compound, with C levels peaking early and

14 •then declining steadily as the C-EDB was redistributed to other 

tissues.

Though levels in the testes were relatively low at 15 to 30 

minutes post-dosing in comparison with other tissues, testicular 

content rose sharply at the later time points in both control and 

phenobarbital pretreated groups. This increase corresponded to a 

similar rise in covalent binding in the testes (Fig. 11).

Diethylmaleate pretreated rats exhibited significantly (p <*05) 

lower levels in all tissues when compared to control rats (Fig. 8).

Of the t o t a l w h i c h  was present in the liver, kidney, and blood of 
diethylmaleate pretreated animals, the percentage of parent compound
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4. Percent parent EDB in tissues at various time apoints.

Time after dosing
Liver

Control ■ PB ; DEM
30 min 1.9 2.4 52.5
2 hr 1.4 1.3 3,1
4 hr 1.6 . .4 3.4 „

Time after dosing
Kidney
Control ' PB • ' ' DEM

30 min 6.3 7.4 38.2
2 hr 1.7 1.5 7.6
4 hr .5 .7 3.8

Time after dosing
Blood

Control PB ■ ‘ DEM
30 min 26.9 15.7 100.0
2 hr 10.0 6.0 29.3
4 hr 2.9 ,3.5 15.0

a

b
Determined as * 100;

Rats were administered oral doses of 100 mg/kg

N = 4

14c -e d b.
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Figure 11. Covalent binding of  ̂C-EDB in tissues versus time after oral administration of 100 mg/kg 
l^C-EDB to pretreated (phenobarbitAl, dlethylmaleate) and nonpretreated (control) rats.
—  Each point represent the mean ± S.E. for 4 animals. Values significantly different 
from control levels (p <.05) are indicated, a.
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was several fold higher than in control rats, especially at the 30

minute time point (Table 4). Throughout the time course, the ratio of
14EDB levels to total C in the blood was 3 to 5 fold greater in rats

pretreated with diethylmaleate than in nonpretreated rats.. These
increased EDB blood levels would allow the rats to clear greater

quantities of EDB (as parent compound) via exhalation, which may account
' 14for the general decrease in total C in all tissues of diethylmaleate 

pretreated animals (Table 4). This data suggests that diethylmaleate 

suppresses the overall metabolism of EDB.

Phenobarbital pretreatment did not significantly alter the dis
position of 14C in extrahepatic tissues when compared to controls 
(Fig. 8). In the liver, however, phariobarbital pretreatment produced a 

significant (p <*05) decrease in content versus controls at 0.5 and
2 hours, which returned to control levels at four hours (Fig. 12). The

14decrease in liver C due to phenobarbital pretreatment was not as. _ «
dramatic as that caused by pretreatment with diethylmaleate, the latter

14producing lower levels of C in the liver than the former throughout 
the time course.

14The amount of C present in.muscle seemed to parallel that
14found in blood, although the muscle contained much lower levels of C ..

14This trend suggests that C levels in muscle are a function of the

amount of blood present in the muscle at the time of sacrifice.

Total^^C levels in stomach were not determined, since the

aforementioned surface residue problem would result in falsely high
14values for stomach C content..
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Figure 12. Disposition of total  ̂C in liver versus time after oral 
administration of 100 mg/kg 14C-EDB to pretreated (PB = 
phenobarbital, DEM = diethylmaleate) and nonpretreated 
(control) rats. —  Each point represents the mean ± S.E. 
for 4 animals. Values significantly different from control 
levels (p <.05) are indicated, *.
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Covalent. Binding of C-EDB 
Equivalents to Tissue Protein

Although appreciable covalent binding was seen in the liver and

kidney after oral administration of "^C-EDB to rats, binding of "^C-EDB

to stomach protein was far (2 to 3 fold) greater than in any other

tissue analyzed (Fig. 11). Covalent binding in the stomach peaked at

two hours, and was still at nearly maximal levels eight hours after

^C-EDB dosing in control rats. Binding of "^C-EDB to liver protein
reached approximately 80% of peak levels by 15 minutes post-dosing and
fell slightly after peaking at four hours. Covalent binding in the
kidney, although much lower than liver levels at the earlier time

points, slightly exceeded binding in the liver at eight hours. Between

four and eight hours after "^C-EDB dosing, levels of covalent binding in

liver decreased and kidney levels increased only slightly, indicating
14.detoxification and clearance of C-EDB metabolites. Covalent binding

of ^C-EDB to testes, lung, and blood rose steadily throughout the time
14course, a trend which was seen in the total C profiles of these

14tissues. Muscle contained very low levels of bound C (less than

.025 nmoles ^ C  equivalents bound per mg protein) in relation to levels
14found in other tissues. Since levels of covalently bound C-EDB in 

fat were not significantly above background levels, covalent binding

data for fat was not included.
All tissues from diethylmaleate pretreated animals exhibited

markedly reduced, covalent binding when compared to tissues from control
14animals. Binding of C-EDB to stomach (Fig. 13) and blood in
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Figure 13. Covalent binding of C-EDB in stomach versus time after 
oral administration of 100 mg/kg ^C-EDB to pretreated 
(PB = phenobarbital, DEM = diethylmaleate) and non- 
pretreated (control) rats. —  Each point represents the 
mean ± S.E. for 4 animals. Values significantly different 
from control levels (p <.05) are indicated, *.
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pretreated animals was significantly (p <.05) lower.than control levels
throughout the time course; while binding of ^C-EDB to protein in

liver, kidney (Fig. 14) and lung from rats pretreated with diethyl-

maleate was only significantly lower than that of control rats at 30
14minutes. Covalent binding.of C-EDB to testicular protein after 

diethylmaleate pretreatment was significantly (p <.05) reduced from 
control levels at four hours (Fig. 15). The return to near control 

levels of covalent binding at four hours in most tissues of diethyl
maleate pretreated animals may be explained by the fact that glutathione 
levels are known to recover from diethylmaleate induced depletion 

between four and eight hours after the pretreatment dose.

Phenobarbital pretreatment had no significant effect on binding 

in extrahepatic tissues with the exception of blood, in which binding

was below control levels at four hours.
-

Both phenobarbital and diethylmaleate caused a significant 

(p <.05) decrease in the binding of "^C-EDB to liver protein at the 30 

minute time point, as shown in Figure 16. The magnitude of the decrease 

in liver covalent binding, however, was more pronounced after diethyl

maleate pretreatment than after phenobarbital at both 30 minutes and 

two hours after dosing. Levels of covalent binding in both pretreatment 

groups returned to control levels by four hours.
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Figure 14. Covalent binding of ^C-EDB in kidney versus time after oral 
administration of 100 mg/kg l^C-EDB to pretreated (PB = 
phenobarbital, DEM = diethylmaleate) and nonpretreated 
(control) rats. —  Each point represents the mean 1= S.E for 
4 animals. Values significantly different from control 
levels (p <.05) are indicated, *.
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Figure 15. Covalent binding of ^ 'C-EDB in testes versus time after oral 
administration of 100 mg/kg l^C-EDB to pretreated (PB = 
phenobarbital, DEM = diethylmaleate) and nonpretreated 
(control) rats. —  Each point represents the mean ± S.E. for 
4 animals. Values significantly different from control 
levels (p <.05) are indicated, *.
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Figure 16. Covalent binding of ^C-EDB in liver versus time after oral 
administration of 100 mg/kg l^C-EDB to pretreated (PB = 
phenobarbital, DEM = diethylmaleate) and nonpretreated 
(control) rats. —  Each point represents the mean i: S.E. for 
4 animals. Values significantly different from control 
levels (p <.05) are indicated, *.



DISCUSSION

Although EDB has been shown in prior studies to elicit toxic 

responses in a variety of tissues at sub-lethal doses, the present 
study has shown that EDB produces only marginal hepatotoxicity in rats 
and mice unless doses approaching the LD^^ of the compound are admin*- 
istered. Disposition studies which were undertaken to explain the 

toxicity profile of EDB in various tissues showed that the highest 

levels of covalent binding after oral administration were found in the 

stomach, which is a known target organ of EDB (Olson et al., 1973),

This finding lends support to the contention that extensive biotrans

formation at the site of exposure to EDB may severely limit the amount 

of EDB reaching the liver, thus preventing the accumulation of toxic 

levels of .EDB metabolites in that tissue. At the moderate dose used in 

the disposition study, the possible predominant phase I metabolism of 

EDB by the liver may produce easily detoxified metabolites, whereas at 

higher doses of EDB, hepatotoxicity is seen as the liver cannot 

detoxify the incoming EDB rapidly enough to prevent the toxic buildup 

of reactive intermediates. Pretreatment of animals with diethylmaleate 

or phenobarbital prior to EDB dosing showed that the relative levels of 

microsomal and cytosolic metabolism of EDB may be crucial factors in 

determining the toxicity of EDB to specific tissues. Results from this 
study, in accordance with the findings of Van Bladeren et al, (1980), 

White et a l . (1981), and others, suggest that cytosolic bioactivation
56
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may be largely responsible for the toxic manifestations seen in various 
organs after EDB dosing.

Many halogenated hydrocarbons are well known hepatotoxins, 

producing markedly elevated serum hepatic enzyme activities and hepato

cellular damage at doses which are well below their LD^q levels. Carbon 

tetrachloride, chloroform, and lsl,2-trichloroethane have all been shown 

to induce centrilobular necrosis at sub-lethal doses in laboratory 
rodents (Klaassen and Plaa, 1966). All of the above compounds are 

metabolized to their hepatotoxic intermediates via the microsomal 
oxidizing system; therefore, the hepatotoxic response to each of these 

compounds can be potentiated by pretreatment with inducers of the cyto

chrome P-450 xenobiotic metabolizing enzyme system (Scholler, 1970; 

MacDonald, 1981). With each of the above liver toxins, in vivo 

covalent binding of the reactive intermediate to tissue macromolecules 

has been directly correlated with its hepatotoxic effects (Rechnagel, 

1967; Slater, 1966; Illet et al., 1973; MacDonald, 1981)„ As is the 

case with many other halogenated hydrocarbons, the reactive metabolites 

of 1,1,2-trichloroethane (Yllner, 1971) and chloroform (Brown, Sipes, 

and Sagalyn, 1974) are detoxified by conjugation with the endogenous 

nucleophile glutathione. Depletion of hepatic glutathione by pre

treatment with diethylmaleate has been shown to potentiate the 

hepatotoxicity of low doses of bromobenzene, which is normally detoxified 

by glutathione (Reid et al., 1971).

Since EDB is similar in structure to the aforementioned halo- 
genated hydrocarbon compounds, and has been shown to be bioactivated by
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hepatic microsomes to a reactive intermediate which covalently binds 
readily, to hepatic subcellular macromolecules both in vivo and in vitro 

(Hill et al., 1978), it would appear to have the potential to be a 

potent liver toxin. However, EDB has been shown to produce only marginal 

hepatotoxicity in laboratory rodents. Broda et al. (1976) has shown 
that 110 mg/kg oral EDB, which is about 85% of their estimation-of the 
LD^q of EDB in the strain of rats used in their laboratory, can produce 

hepatic lesions in fasted rats which are morphologically similar to 
those seen after carbon tetrachloride dosing. However, the intensity 

of the hepatotoxic response to EDB was much less than that seen in 

carbon tetrachloride induced liver toxicity, which displays a much more 

extensive necrosis than does EDB (Stenger, Miller, and Williamson,

1970). In a subsequent study by Nachtomi (1980), the same oral dose of 

EDB used in their morphology -study (110 mg/kg) caused only a doubling in 

serum enzyme activities over control levels. Even though the dose used 

in both of these studies represented a large fraction of the LD^^ dose 

for EDB, no information concerning mortality was given in either study. 

According to Short et al. (1979), rats dosed orally with 100 mg/kg EDB 
showed no increase in serum hepatic enzyme levels over those of control 

rats. Inhalation studies by Rowe et al. (1952) showed that exposure of 

male rats to 200-400 ppm EDB for durations which produced 50% mortality 
caused only moderate injury to the liver, consisting of centrilobular 

fatty degeneration with general congestion and occasional hemorrhagic

necrosis.
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The present study further characterized the hepatotoxicity of EDB 
in rats and mice by measuring histological and serum enzyme activity 
changes under various treatment regimens employed to optimize conditions 
for liver toxicity. In both species, hepatotoxic responses were only 

seen in animals that received potentially lethal doses of EDB, and even 
then the responses, were extremely variable. In contrast to other 

halogenated hydrocarbon compounds, EDB hepatotoxicity in mice was not 

potentiated by cytochrome P-450 induction or.glutathione depletion. In 

rats, phenobarbital pretreatment tended to increase the severity of the 
hepatotoxic response over EDB controls if and when it appeared, 

indicating that microsomal bioactivation of EDB may be responsible for 
production of the hepatotoxic species. In contrast, diethylmaleate pre- 

treatment seemed to suppress the hepatotoxicity of EDB in responding 

animals when compared to nonpretreated animals, suggesting that cytosolic 
bioactivation may play a role in the expression of EDB induced hepato

toxicity. Although fasting also decreases the level of glutathione in 
the liver, mice, which were fasted prior to EDB dosing displayed 

increased liver toxicity. This increase in hepatotoxicity after fasting 

is consistent with prior findings with EDB (Nachtomi, 1980) and carbon 

tetrachloride (Strubelt et al., 1981; Harris and Anders, 1980).

The hepatotoxic potential of EDB can be put in perspective by 

comparing it with that of the classic hepatotoxin, carbon tetrachloride. 
The latter compound, which has an oral LD^q of 2800 mg/kg in rats (Smyth . 

et al., 1970), produces centrilobular necrosis in rats at an oral dose 
of approximately 150 mg/kg (Plaa, 1973). EDB, which has a reported
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LDj-q in. male rats of 146 mg/kg (Rowe et al., 1952), has been shown in 

the present study to produce sporadic centrilobular necrosis in rats at 

oral doses of 125 to 175 mg/kg. Therefore, EDB is a relatively weak 
hepatotoxin.

1,2-dibromoethane is an extremely reactive molecule. It has 
been shown to be a bifunctional alkylating agent (Vogel and Chandler, 

1974) which readily binds to tissue macromolecules both in vivo (Short 

et al., 1979) and in vitro (Hill et al., 1978). The in vitro binding of 

EDB to microsomal protein (Sipes and Gandolfi, 1980) and DNA (DiRenzo 

et al., 1981) was found to be. greater than that of many well known 

hepatotoxic and carcinogenic halogenated hydrocarbon compounds. Without 
metabolic activation, EDB has been shown to be mutagenic in various 

strains of bacteria (McCann et al., 1975; Simmon and Poirier, 1977;

Brem, Stein, and Rosenkranz, .1974).

The reactive nature of EDB may well explain the toxic mani

festations seen after administration of the compound by various routes. 

Chronic oral administration of EDB to rats (via stomach tube) has been 

shown to result in squamous cell carcinomas of the forestomach (Olson 

et al., 1973). Chronic inhalation exposure of rats to EDB produced 

neoplastic changes in the upper respiratory tract, including the nasal 

passages (Reznik et al., 1980). Skin papillomas and carcinomas have 

been seen following chronic dermal administration of EDB to mice 

(Van Duuren et al,, 1979). In all of the above cases, the site of action 
of EDB was at or near the site where EDB first came into contact with
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animal tissues, indicating that the compound is primarily interacting
with tissues at the site of exposure.

This rapid bioactivation of EDB at organs acting as portals of
entry may also explain the relative lack of toxicity displayed by the
liver and kidney after EDB administration (Short et al*, 1979).'

Although the liver and kidney are well perfused and highly metabolic

tissues, EDB must reach the systemic circulation as parent compound in

order for EDB to be metabolized by these organs. However, since EDB

is apparently being metabolized at the site of exposure prior to

systemic absorption, the amount of parent compound available for hepatic
or renal bioactivation may be limited,

The present study reinforces these contentions based on route

of exposure which were made to explain the toxicity profile of EDB in
14various tissues. Oral administration of C~EDB to rats resulted in

extensive bioactivation of EDB by the stomach, as evidenced by the
14extremely high binding of C by that tissue. This finding correlates 

well with the proven ability of EDB to cause stomach cancer after oral 

administration (Olson et al., 1973). This apparent biotransformation 

of EDB,which takes place in gastric tissue may be severely limiting the 

amount of EDB reaching the systemic circulation and becoming available 

for metabolism by the liver and kidney, which could explain the lack of 

EDB induced toxicity seen in these organs. Possible biotransformation 

by the intestine, which also has some metabolic capability (Pinkus, 

Ketley, and Jakoby, 1977; Zampaglione and Mannering, 1973), may further 
decrease the amount of EDB available for absorption.
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Since only about 69% of the total in the blood exists as

parent compound at 15 min post-dosing in control animals, a small but
14significant amount of the C which does escape binding to tissues in 

the. gastrointestinal tract may already be in a metabolized form when it 

reaches the liver and kidney via the blood. This would further reduce 

the levels of EDB which could be acted upon by the microsomal and 
cytosolic enzymes in the liver and kidney.

The EDB which does reach the liver and kidney as parent 

compound is rapidly metabolized, as evidenced by the very low levels of / 

parent compound in these tissues (approximately 2% in liver and 6% in 

kidney) at 30 min when compared with blood EDB levels at this time 

point. Appreciable covalent binding does occur in these tissues, 
although at much lower levels than those found in the stomach. How

ever, since only marginal toxicity was seen in the liver at this does 

level, it follows that the reactive intermediate of EDB which does bind 

to liver protein may be relatively non-toxic, to the hepatocyte at the 
levels present.

The preceding information suggests that the extensive bio- 

transformation and binding of EDB by the stomach, and possibly the 

intestine,,may create a kinetic situation in which the intrinsic 
clearance of EDB by the liver and kidney, which is the amount of blood 

that is completely cleared of EDB by the organs per unit time, may 
exceed, the amount of EDB entering these tissues via the blood per unit 

time. This might allow the liver and kidney to detoxify and clear EDB 
so rapidly that reactive intermediates cannot accumulate to the levels
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necessary to produce significant covalent binding which results in 
toxicity.

Since the testes are not located at a portal of entrance and 

therefore EDB must reach this organ via the systemic circulation, the 
well-documented toxicity of EDB to the testes (Amir, 1973) is incon

sistent with the preceding hypothesis which suggests that EDB toxicity

is manifested at the sites of exposure to the environment. Even though 
14the level of C-EDB binding to testicular protein has been shown to be 

lower than that of liver or kidney in this study as well as in prior
studies (Short et al., 1979), certain cell types in the testes which
are responsible for the fertility of the animal may be highly 
sensitive to EDB, requiring lower levels of binding to produce toxic 

effects.

There has been much speculation about whether microsomal 

(phase I) or cytosolic (phase II) bioactivation of EDB gives rise to 

the reactive intermediate which is responsible for the toxic actions of 

this compound. Hill et al. (1978) and Banerjee and Van Duuren (1979)

have provided evidence that microsomal oxidation of EDB yields the

highly reactive intermediate 2-bromoacetaldehyde, which covalently binds 
to tissue macromolecules in vitro. The relationship between 'in vitro 

covalent binding and tissue damage has already been established for 

other halogenated hydrocarbon compounds (Sipes and Gandolfi, 1980).

On the other hand. Van Bladeren et al. (1980, 1981b) has shown 
that the direct conjugation of EDB to glutathione in the cytosol 

produces a reactive half-mustard intermediate which is responsible for
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the mutagenic and carcinogenic effects of EDB. White et al, (1981) 
demonstrated that deuterated EDB, which blocks microsomal oxidation of 
EDB, caused an increase in DNA damage over that seen with unlabelled 

EDB„ apparently due to increased cytosolic bioactivation. Studies by 

Van Binderen et al. (1981a) also "showed both microsomal (80%) and 

cytosolic (20%) metabolism play a substantial role in the formation of 

the glutathione conjugate which ultimately becomes the major mercapturic
acid derivative of EDB found in the urine. Even though phase I

■ ■: (

metabolism is quantitatively more significant than phase II metabolism 

of EDB in the whole animal, this ratio may be quite different in 

specific tissues, since the ratio of cytochrome P-450 (microsomal) 

activity to glutathione transferase (cytosolic) activity varies 

between tissues (Gram, Littlerst, and Mimnaugh, 1974; Lake et al.,

1973).
The present study lends support to the contention that cytosolic 

bioactivation is more important than microsomal metabolism in the 

expression of EDB induced toxicity.

Pretreatment of EDB dosed animals with phenobarbital, which 

induces microsomal metabolism, and diethylmaleate, which depletes tissue 

glutathione levels and thus inhibits cytosolic metabolism (Anders,

1978), was performed to help elucidate the relative importance of phase 
I and phase II metabolism in EDB binding and toxicity.

Diethylmaleate pretreatment was found to markedly decrease the 

covalent binding of ^C-EDB in all tissues, while phenobarbital had 

virtually no effect on EDB binding in extrahepatic tissues, indicating
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that phase II bioactivation of EDB predominates outside the liver» This 

finding-is consistent with studies by Lake et al. (1973),which showed 

that the phase I metabolic activity of extrahepatic tissues is not 
inducible with phenobarbital.

In the liver9 both phenobarbital and diethylmaleate pretreat'-
14ment caused a significant decrease in the binding of C~EDB. However, 

since diethylmaleate had a more profound effect on the covalent binding 

of EDB in the liver than did phenobarbital, phase II bioactivation may 

be more important than phase I metabolism for the formation of the 

binding species in the hepatocyte. After diethylmaleate pretreatment, 

the level of EDB found in the blood-at 30 min was essentially 100% of 

the total "^C, whereas blood from control animals contained only 28% 
parent compound. Thus, even though the amount of parent compound 

reaching the liver was increased, diethylmaleate pretreatment still 

caused a decrease in covalent binding versus controls, indicating the 

importance of glutathione in* forming the reactive binding species.

It should also be noted that there is some evidence to suggest

that diethylmaleate, in addition to its ability to deplete glutathione,

may also inhibit some pathways of microsomal metabolism (Anders, 1978).
Therefore, the possibility exists that the aforementioned decrease in

14the covalent binding of C-EDB seen after diethylmaleate pretreatment 
may be partially due to inhibition of the phase I metabolism of EDB.

In the absence of pretreatment, phase I metabolism of EDB 

probably predominates in the liver, since this organ contains very high 
levels of cytochrome P-450, and the overall metabolism of EDB favors the
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microsomal pathway (Van Bladeren et al._, 1981a; TVhite et al. , 1981). 
Microsomal metabolism of moderate levels of EDB apparently produces 

easily detoxified metabolites, since glutathione conjugation, reduction 

to an alcohol, and oxidation to an acid can all deactivate the 

2-bromoacetaidehyde intermediate and thus prevent it from binding 

appreciably to subcellular macromolecules in the hepatocyte* Even 

though-Theiss, Shimkin, and Poirier (1979) have shown that 2-bromo- 
ethanol has some carcinogenic activity of its own, Guengerich et al. 
(1980) found that the conversion of the chloroaldehyde to the chloro- 
alcohol in the metabolism of EDC represented a six fold decrease in DNA. 

binding. Phenobarbital pretreatment may act to shift the metabolism of 

EDB away from the more toxic cytosolic pathway in favor of the more 

benign microsomal pathway, resulting in a net decrease in binding when 
compared to control animals given moderate doses of EDB. This decrease

14
in C-EDB covalent binding after phenobarbital pretreatment correlates 

well with a prior study, by Nachtomi (1980), in which phenobarbital pre- 

treatment caused a significant decrease.in SGPT activities (vs controls) 

in rats given small doses of EDB. However, the current study shows 

that at higher doses of EDB following phenobarbital pretreatment, liver 

toxicity and death are seen as the aforementioned microsomal detoxifica

tion mechanisms are overwhelmed.
The failure of phenobarbital induction to increase the covalent 

binding and toxicity of EDB in the liver at moderate doses may also be 

partially due to the possibility that the intrinsic clearance of EDB by 
the organ exceeds the rate of entry of EDB into the liver via the blood.
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In this case, even though the capacity of the liver to bioactivate EDB 

is increased by phenobarbital pretreatment, a slow infusion of EDB into 

the liver would still limit the amount of reactive intermediate formed.* 

At higher doses, EDB may enter the liver via the blood at a more rapid 
rate since the concentration of the chemical in the blood would be 

greater. This may allow the induced microsomal enzymes to form enough 
reactive intermediate to cause a hepatotoxic response.

The relative levels of cytochrome P-450 and glutathione 

activities in a specific tissue may be crucial factors in determining 

the toxicity of EDB to that tissue. Since the liver has a very high 
amount of cytochrome P-450 activity in relation to extrahepatic tissues 
(Bend et al. , 1972 ; Orrenius et al., 1973) , phase I. metabolism of EDB 

may predominate in the hepatocyte, protecting the liver from phase II 

mediated formation of a toxic binding species.

In contrast, although many extrahepatic tissues contain 

appreciable amounts of phase I activity, extrahepatic phase I metabolism 

predominately proceeds via cytochrome P-448 (Orrenius et al., 1973;

Lake et al., 1973), which would not catalyze the microsomal oxidation of 
EDB. In support of this statement. Hill et al. (1978) found that the 

microsomal oxidation of EDB was induced by.phenobarbital, which enhances 

cytochrome P-450 activity, but not by benz(a)anthracene, which enhances 
cytochrome P-448 activity. This implies that cytochrome P-450 and not 

cytochrome P-448 activity is involved in this reaction. Coupled with 

the fact that appreciable glutathione conjugation takes place in the 
lung (Gram et al., 1974) and testes (Short et al., 1979), these target
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organs of EDB toxicity, which therefore contain a much smaller cyto
chrome P-450 to glutathione activity ratio than the non-target liver, 
are more susceptible to the toxic manifestations of cytosolic bioactiva

tion of EDB. Glutathione transferase activity has also been found to 
occur in the stomach (Pinkus et al., 1977; Boyd, Sasami, and Boyd, 1979), 
which may account for the toxicity of EDB to this tissue, since cyto

chrome P-448 activity also predominates in the gastrointestinal tract- 
(Lake et al., 1973; Zampaglione and Mannering, 1973).

Studies by Kluwe (1981a), which showed that DBCP is a potent 
nephrotoxin, indicate that future studies are needed to better assess 

the nephrotoxic potential of EDB, which has not been well characterized. 

Since the toxicity profiles for EDB and DBCP are virtually identical in 

various other organs including the liver, in which both compounds cause 

toxicity only at very high doses, it would appear that EDB is a likely 

candidate for causing toxicity in the kidney.

In light of the aforementioned toxicological similarity between 
DBCP and EDB, the future use of EDB in industry and agriculture raises 

a serious risk/benefit situation. DBCP has already been banned by the 

Environmental Protection Agency (Daugherty and Whitson, 1980) due to 

its documented history bf causing decreased testicular function in 

human workers (Whorton et al., 1979), its demonstrated carcinogenicity 

in laboratory animals (Olson et al., 1973), and its ability to persist 
in ground water (Merrill, 1979). Since uncontrolled proliferation of 
nematodes can have an economically devastating effect on agricultural 

crops, alternative nematicides such as EDB are needed to replace the
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widely used DBCP (Daugherty and Whitson, 1980). However, since EDB is 

no more efficacious or cost-effective than other available replacement 

nematicides (Daugherty and Whitson, 1980), and, based on animal studies, 

has the potential to cause human toxicological problems similar in 
magnitude to those seen with DBCP, the human health risk of using EDB 
as a nematicide probably outweighs its economic benefits.



APPENDIX A .

GAS CHROMATOGRAM AND GAS CHROMATOGRAPHIC CALIBRATION CURVE



71

T I M E  ( m i n )

Figure A.1. Typical gas chromatogram of a 3 pi injection of the hexane 
phase after extraction of a tissue sample taken from a rat 
dosed with EDB. —  The hexane used to extract the EDB 
contained TCP (1 pg/ml) as an internal standard. Peaks: 
EDB = ethylene dibromide* TCP = trichloropropane.
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EDB CO NCE NTRAT ION ( y g / m l )

Figure A.2. Gas chromatographic calibration curve for the determina
tion of EDB in tissue extracts. —  Detector response is 
measured as the integrator peak area ratio of EDB/TCP 
plotted against the standard concentration of EDB in 
hexane. A linear relationship between detector response 
and concentration of standards exists within the concentra
tion range of the samples. The correlation coefficient for 
the standard curve was 0.9947. Each point represents the 
mean of triplicate standards.
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