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FOREWORD

The National Toxicology Program (NTP) is made up of four charter agencies of the U.S. Department of Health and
Human Services (DHHS): the National Cancer Institute (NCI), National Institutes of Health; the National Institute
of Environmental Health Sciences (NIEHS), National Institutes of Health; the National Center for Toxicological
Research (NCTR), Food and Drug Administration; and the National Institute for Occupational Safety and Health
(NIOSH), Centers for Disease Control and Prevention. In July 1981, the Carcinogenesis Bioassay Testing
Program, NCI, was transferred to the NIEHS. The NTP coordinates the relevant programs, staff, and resources
from these Public Health Service agencies relating to basic and applied research and to biological assay
development and validation.

The NTP develops, evaluates, and disseminates scientific information about potentially toxic and hazardous
chemicals. This knowledge is used for protecting the health of the American people and for the primary
prevention of disease.

The studies described in this Technical Report were performed under the direction of the NIEHS and/or NCTR and
were conducted in compliance with NTP laboratory health and safety requirements and must meet or exceed all
applicable federal, state, and local health and safety regulations. Animal care and use were in accordance with the
Public Health Service Policy on Humane Care and Use of Animals. The prechronic and chronic studies were
conducted in compliance with Food and Drug Administration (FDA) Good Laboratory Practice Regulations, and
all aspects of the chronic studies were subjected to retrospective quality assurance audits before being presented for
public review.

These studies are designed and conducted to characterize and evaluate the toxicologic potential, including
carcinogenic activity, of selected chemicals in laboratory animals (usually two species, rats and mice). Chemicals
selected for NTP toxicology and carcinogenesis studies are chosen primarily on the bases of human exposure, level
of production, and chemical structure. The interpretive conclusions presented in this Technical Report are based
only on the results of these NTP studies. Extrapolation of these results to other species and quantitative risk
analyses for humans require wider analyses beyond the purview of these studies. Selection per se is not an
indicator of a chemical’s carcinogenic potential.

Details about ongoing and completed NTP studies, abstracts of all NTP Technical Reports, and full versions of the
completed reports are available at the NTP’s World Wide Web site: http://ntp.niehs.nih.gov. In addition, printed
copies of these reports are available from NTP as supplies last by contacting (919) 541-1371.
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ABSTRACT

Br

H— Cc—COOH

Br

DIBROMOACETIC ACID

CAS No. 631-64-1

Chemical Formula: C,H,BrO, Molecular Weight: 217.86

Synonyms: Acetic acid, dibromo (9CI); dibromoethanoic acid; dibromoacetate

Dibromoacetic acid is a water disinfection by-product. Dibromoacetic acid was nominated to the National
Toxicology Program by the United States Environmental Protection Agency for toxicity and carcinogenicity
studies in rats and mice because of widespread human exposure and because a related dihaloacetate,
dichloroacetate, was found to be carcinogenic to the liver of rats and mice. Drinking water was selected as the
route of exposure to mimic human exposure to this chemical. Male and female F344/N rats and B6C3F, mice
were exposed to dibromoacetic acid (greater than 99% pure) in drinking water for 2 weeks, 3 months, or 2 years.
Genetic toxicology studies were conducted in Salmonella typhimurium and peripheral blood erythrocytes of

exposed mice.

2-WEEK STUDY IN RATS

Groups of five male and five female rats were exposed to 0, 125, 250, 500, 1,000, or 2,000 mg/L dibromoacetic
acid in drinking water for 2 weeks, which is equivalent to average daily doses of approximately 17, 32, 67, 134,
270 (males), and 257 (females) mg dibromoacetic acid/kg body weight. All rats survived to the end of the study.

Mean body weight gains of 1,000 mg/L males and of 500 mg/L females were significantly greater than those of the

Board Draft NOT FOR DISTRIBUTION OR ATTRIBUTION



6 Dibromoacetic Acid, NTP TR 537

controls. Water consumption by exposed and control groups was similar. Liver weights of exposed males and
females were significantly increased. Right testis weights of males exposed to 500 mg/L or greater were
significantly decreased. The incidences of hepatocytic cytoplasmic alteration were significantly increased in males
exposed to 500 mg/L or greater and in 2,000 mg/L females, and testicular lesions, characterized by a delay in

spermiation and retained spermatids, were noted in 500 and 1,000 mg/L males.

2-WEEK STUDY IN MICE

Groups of five male and five female mice were exposed to 0, 125, 250, 500, 1,000, or 2,000 mg/L dibromoacetic
acid (equivalent to average daily doses of approximately 0, 24, 47, 95, 178, and 370 mg/kg to males and 0, 22, 53,
88, 166, and 309 mg/kg to females) in drinking water for 2 weeks. All mice survived to the end of the study.
Mean body weight gains of 250 and 500 mg/L males were significantly greater than those of the controls. Water
consumption by exposed and control groups was similar. Liver weights of males and females in the 1,000 and
2,000 mg/L groups were significantly increased. Thymus weights of males and females in the 1,000 and

2,000 mg/L groups were significantly less than those of controls. The incidences of thymus atrophy were
significantly increased in 2,000 mg/L males and females. The incidences of morphological changes to the

germinal epithelial of the testes were increased in males exposed to 1,000 or 2,000 mg/L.

3-MONTH STUDY IN RATS

Groups of 10 male and 10 female rats were exposed to 0, 125, 250, 500, 1,000, or 2,000 mg/L dibromoacetic acid
(equivalent to average daily doses of approximately 10, 20, 40, 90, and 166 mg/kg to males and 12, 23, 48, 93, and
181 mg/kg to females) in drinking water for 3 months. All rats survived to the end of the study. Mean body
weights of male and female rats in the 2,000 mg/L group were significantly less than those of controls. Water
consumption by the 2,000 mg/L males at weeks 1 and 13 and by females at week 13 was less than that by controls.
Small decreases in the erythron and platelet counts occurred in rats exposed to 2,000 mg/L; minimally impaired

erythropoiesis was also seen in 1,000 mg/L rats. Liver weights of all exposed groups of males and females were
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significantly increased. Male rats in the 2,000 mg/L groups had significantly decreased testis weights. Testicular
atrophy was noted in the 2,000 mg/L group, and retained spermatids were observed in the 500 and 1,000 mg/L
groups. In the pituitary gland of male rats exposed to 2,000 mg/L, the incidence of cellular hypertrophy was
significantly increased. The incidences of hepatocellular vacuolization were significantly increased in males
exposed to 500 mg/L or greater and in females exposed to 2,000 mg/L. Hematopoietic cell proliferation was noted

in females in the 2,000 mg/L group.

3-MONTH STUDY IN MICE

Groups of 10 male and 10 female mice were exposed to 0, 125, 250, 500, 1,000, or 2,000 mg/L dibromoacetic acid
(equivalent to average daily doses of approximately 16, 30, 56, 115, and 230 mg/kg to males and 17, 34, 67, 132,
and 260 mg/kg to females) in drinking water for 3 months. All mice survived to the end of the study. Mean body
weights and body weight gains of female mice in the 2,000 mg/L group and the mean body weight gain of

2,000 mg/L males were significantly less than those of controls. Water consumption by males in the 2,000 mg/L
group was decreased at weeks 1 and 13 relative to controls. Small decreases in mean cell hemoglobin and platelet
counts occurred in 2,000 mg/L male mice. Liver weights of males and females exposed to 500 mg/L or greater
were significantly increased. Hepatocellular cytoplasmic vacuolization was present in most mice and the severity
was increased in 1,000 and 2,000 mg/L males and females. The incidences of abnormal testicular morphology

were significantly increased in 1,000 and 2,000 mg/L males.

2-YEAR STUDY IN RATS

Groups of 50 male and 50 female rats were exposed to drinking water containing 0, 50, 500, and 1,000 mg/L
dibromoacetic acid for 2 years (equivalent to average daily doses of approximately 2, 20, and 40 mg/kg to males
and 2, 25, and 45 mg/kg to females). Survival of exposed rats was similar to that of the control groups. Mean
body weights of 1,000 mg/L males and females were less than those of the controls after week 29 and week 53,

respectively, and those of 500 mg/L males and females were less after week 57 and week 85, respectively. Water
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8 Dibromoacetic Acid, NTP TR 537

consumption by males and females exposed to 1,000 mg/L was less than that by controls during year 2 of the

study.

The incidence of malignant mesothelioma was significantly increased in 1,000 mg/L male rats. A positive trend in
the incidence of mononuclear cell leukemia occurred in female rats, and the incidence in 1,000 mg/L females was
significantly increased. The incidences of cystic degeneration of the liver were significantly increased in all
exposed groups of male rats. The incidences of alveolar epithelial hyperplasia were significantly increased in 500
and 1,000 mg/L females, and the incidences of nephropathy were significantly increased in all exposed groups of

females.

2-YEAR STUDY IN MICE

Groups of 50 male and 50 female rats were exposed to drinking water containing 0, 50, 500, and 1,000 mg/L
dibromoacetic acid for 2 years (equivalent to average daily doses of approximately 4, 45, and 87 mg/kg to males
and 4, 35, and 65 mg/kg to females). Mean body weights of 50 and 500 mg/L male mice were greater than those
of the controls after week 85. Water consumption by exposed mice was generally similar to that by controls

throughout the study.

The incidences of liver neoplasms occurred with positive trends in male and female mice. The incidences of
multiple hepatocellular adenoma and hepatocellular adenoma or carcinoma (combined) were significantly
increased in all exposed groups of males and in 500 and 1,000 mg/L females. The incidences of hepatoblastoma
were significantly increased in 500 and 1,000 mg/L males, and the incidences of hepatocellular carcinoma were
significantly increased in 1,000 mg/L males and 500 mg/L females. The incidences of alveolar/bronchiolar
adenoma occurred with positive trends in males and females, and the incidence in 500 mg/L male mice was

significantly greater than that in controls.

NOT FOR DISTRIBUTION OR ATTRIBUTION Board Draft



Dibromoacetic Acid, NTP TR 537 9

GENETIC TOXICOLOGY

Dibromoacetic acid was mutagenic in Salmonella typhimurium strain TA100 with and without rat or hamster liver
metabolic activation enzymes (S9); no activity was detected in strain TA98, with or without S9. Increased
frequencies of micronucleated normochromatic erythrocytes were observed in peripheral blood samples from male,

but not female, mice administered dibromoacetic acid in drinking water for 3 months.

CONCLUSIONS

Under the conditions of these studies, there was some evidence of carcinogenic activity* of dibromoacetic acid in
male rats based on an increased incidence of malignant mesothelioma. There was some evidence of carcinogenic
activity of dibromoacetic acid in female rats based on an increased incidence and positive trend of mononuclear
cell leukemia. There was clear evidence of carcinogenic activity of dibromoacetic acid in male and female mice
based on increased incidences of hepatocellular neoplasms and hepatoblastoma (males only). Increased incidences
of lung neoplasms in male mice were also considered to be exposure related. The slight increased incidence of

lung neoplasms in female mice may have been related to dibromoacetic acid exposure.

Exposure to dibromoacetic acid for two years caused increased incidences of cystic degeneration of the liver in
male rats, increased incidences of alveolar epithelial hyperplasia and nephropathy in female rats, and increased

incidences of splenic hematopoiesis in male mice.

* Explanation of Levels of Evidence of Carcinogenic Activity is on page 11.
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Summary of the 2-Year Carcinogenesis and Genetic Toxicology Studies of Dibromoacetic Acid

Male
F344/N Rats

Female
F344/N Rats

Male
B6C3F, Mice

Female
B6C3F, Mice

Concentrations in
drinking water

Body weights

Survival rates

Nonneoplastic effects

Neoplastic effects

Equivocal findings

Level of evidence of
carcinogenic activity

Genetic toxicology

0, 50, 500, or 1,000 mg/L

500 and 1,000 mg/L
groups less than the
control group

34/50, 24/50, 30/50,
28/50

Liver: degeneration,

cystic (3/50, 9/50, 11/50,
15/50)

All organs: malignant
mesothelioma (3/50,
1/50, 0/50, 10/50)

None

Some evidence

Salmonella typhimurium gene mutations:

Micronucleated erythrocytes

Mouse peripheral blood in vivo:

0, 50, 500, or 1,000 mg/L

1,000 mg/L group less
than the control group

35/50, 39/50, 35/50,
32/50

Lung: alveolar
epithelium, hyperplasia
(3/50, 7/50, 13/50, 14/50)
Kidney: nephropathy
(18/50, 32/50, 37/50,
40/50)

All organs: mononuclear
cell leukemia (11/50,
13/50, 16/50, 22/50)

None

Some evidence

0, 50, 500, or 1,000 mg/L

50 and 500 mg/L groups
greater than the control
group

31/50, 38/50, 34/50,
31/50

Spleen: hematopoiesis
(18/49, 20/50, 28/50,
38/50)

Liver: hepatocellular
adenoma (18/49, 37/50,
37/50, 42/50);
hepatocellular carcinoma
(14/49, 9/50, 19/50,
26/50); hepatocellular
adenoma or carcinoma
(28/49, 41/50, 42/50,
47/50); hepatoblastoma
(0/49, 4/50, 6/50, 18/50)
Lung:
alveolar/bronchiolar
adenoma (7/49, 5/50,
17/50, 12/50);
alveolar/bronchiolar
adenoma or carcinoma
(12/49, 12/50, 22/50,
17/50)

None

Clear evidence

0, 50, 500, or 1,000 mg/L

Exposed groups similar to
the control group

38/50, 35/50, 32/50,
32/50

None

Liver: hepatocellular
adenoma (19/49, 26/50,
32/50, 35/49);
hepatocellular carcinoma
(3/49, 3/50, 12/50, 8/49);
hepatocellular adenoma
or carcinoma (22/49,
28/50, 37/50, 37/49)

Lung:
alveolar/bronchiolar

adenoma (1/50, 3/50,
3/50, 6/50);
alveolar/bronchiolar
adenoma or carcinoma
(2/50, 5/50, 5/50, 7/50)

Clear evidence

Positive in TA100 with and without S9; negative in TA98 with or without S9

Positive in males; negative in females
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EXPLANATION OF LEVELS OF EVIDENCE OF CARCINOGENIC ACTIVITY

The National Toxicology Program describes the results of individual experiments on a chemical agent and notes the strength of the evidence for
conclusions regarding each study. Negative results, in which the study animals do not have a greater incidence of neoplasia than control
animals, do not necessarily mean that a chemical is not a carcinogen, inasmuch as the experiments are conducted under a limited set of
conditions. Positive results demonstrate that a chemical is carcinogenic for laboratory animals under the conditions of the study and indicate
that exposure to the chemical has the potential for hazard to humans. Other organizations, such as the International Agency for Research on
Cancer, assign a strength of evidence for conclusions based on an examination of all available evidence, including animal studies such as those
conducted by the NTP, epidemiologic studies, and estimates of exposure. Thus, the actual determination of risk to humans from chemicals
found to be carcinogenic in laboratory animals requires a wider analysis that extends beyond the purview of these studies.

Five categories of evidence of carcinogenic activity are used in the Technical Report series to summarize the strength of the evidence observed
in each experiment: two categories for positive results (clear evidence and some evidence); one category for uncertain findings (equivocal
evidence); one category for no observable effects (no evidence); and one category for experiments that cannot be evaluated because of major
flaws (inadequate study). These categories of interpretative conclusions were first adopted in June 1983 and then revised in March 1986 for
use in the Technical Report series to incorporate more specifically the concept of actual weight of evidence of carcinogenic activity. For each
separate experiment (male rats, female rats, male mice, female mice), one of the following five categories is selected to describe the findings.
These categories refer to the strength of the experimental evidence and not to potency or mechanism.

» Clear evidence of carcinogenic activity is demonstrated by studies that are interpreted as showing a dose-related
(i) increase of malignant neoplasms, (ii) increase of a combination of malignant and benign neoplasms, or (iii) marked increase of
benign neoplasms if there is an indication from this or other studies of the ability of such tumors to progress to malignancy.

» Some evidence of carcinogenic activity is demonstrated by studies that are interpreted as showing a chemical-related increased
incidence of neoplasms (malignant, benign, or combined) in which the strength of the response is less than that required for clear
evidence.

* Equivocal evidence of carcinogenic activity is demonstrated by studies that are interpreted as showing a marginal increase of
neoplasms that may be chemical related.

* No evidence of carcinogenic activity is demonstrated by studies that are interpreted as showing no chemical-related increases in
malignant or benign neoplasms.

+ Inadequate study of carcinogenic activity is demonstrated by studies that, because of major qualitative or quantitative limitations,
cannot be interpreted as valid for showing either the presence or absence of carcinogenic activity.

For studies showing multiple chemical-related neoplastic effects that if considered individually would be assigned to different levels of evidence
categories, the following convention has been adopted to convey completely the study results. In a study with clear evidence of carcinogenic
activity at some tissue sites, other responses that alone might be deemed some evidence are indicated as “were also related” to chemical
exposure. In studies with clear or some evidence of carcinogenic activity, other responses that alone might be termed equivocal evidence are
indicated as “may have been” related to chemical exposure.

When a conclusion statement for a particular experiment is selected, consideration must be given to key factors that would extend the actual
boundary of an individual category of evidence. Such consideration should allow for incorporation of scientific experience and current
understanding of long-term carcinogenesis studies in laboratory animals, especially for those evaluations that may be on the borderline between
two adjacent levels. These considerations should include:

 adequacy of the experimental design and conduct;

* occurrence of common versus uncommon neoplasia;

* progression (or lack thereof) from benign to malignant neoplasia as well as from preneoplastic to neoplastic lesions;

» some benign neoplasms have the capacity to regress but others (of the same morphologic type) progress. At present, it is impossible to
identify the difference. Therefore, where progression is known to be a possibility, the most prudent course is to assume that benign
neoplasms of those types have the potential to become malignant;

» combining benign and malignant tumor incidence known or thought to represent stages of progression in the same organ or tissue;

« latency in tumor induction;

« multiplicity in site-specific neoplasia;

* metastases;

« supporting information from proliferative lesions (hyperplasia) in the same site of neoplasia or in other experiments (same lesion in
another sex or species);

 presence or absence of dose relationships;

« statistical significance of the observed tumor increase;

 concurrent control tumor incidence as well as the historical control rate and variability for a specific neoplasm;

« survival-adjusted analyses and false positive or false negative concerns;

* structure-activity correlations; and

* in some cases, genetic toxicology.
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SUMMARY OF TECHNICAL REPORTS REVIEW SUBCOMMITTEE COMMENTS

NOTE: A summary of the Technical Reports Review Subcommittee’s remarks will appear in a future draft of this

report.
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INTRODUCTION

Br

H— c—COOH

Br

DIBROMOACETIC ACID

CAS No. 631-64-1

Chemical Formula: C H_Br O, Molecular Weight: 217.86

Synonyms: Acetic acid, dibromo (9CI); dibromoethanoic acid, dibromoacetate

CHEMICAL AND PHYSICAL PROPERTIES

Dibromoacetic acid is a deliquescent crystal (melting point, 48° C; boiling point, 195° C at 250 mm mercury)
(Weast, 1983). It is a moderately strong acid, having a pK, of 1.39 (Urbansky, 2000). In dilute solutions at pH
greater than 6, more than 99.99% of the chemical exists as the dissociated carboxylate anion, dibromoacetate.
Thus, under most conditions of exposure, and in biological tissues, this chemical exists as the carboxylate anion.
Although dibromoacetic acid was the test article for this Technical Report, in the animal, it is described as

dibromoacetate after it leaves the stomach.

ProDUCTION, USE, AND HUMAN EXPOSURE

Chloroacetates are formed when drinking water supplies containing natural organic matter (e.g., humic or fulvic
acids) are disinfected with chlorine-containing oxidizing compounds such as chlorine gas, hypochlorous acid, and
hypochlorite. If bromide is present in the source water, it may be oxidized to hybromous acid-hypobromite ion,
which can react with organic matter to form brominated organic compounds. The reaction of brominated and/or

chlorinated oxidizing agents with natural organic matter produces mixed brominated and chlorinated acetic acids,
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including mono-, di-, and trichloroacetic acid; mono-, di-, and tribromoacetic acid; bromochloroacetic acid,;
bromodichloroacetic acid; and chlorodibromoacetic acid. The relative amount of brominated haloacetates
produced in chlorinated drinking water is a function of the bromide concentration in the source water and the

initial bromine/chlorine ratio.

Coagulation prior to chlorination removes much of the disinfection by-product precursors from source water and
thereby reduces the amount of disinfection by-products formed during disinfection. Although possible reactions of
haloacetates in water are decarboxylation and nucleophilic substitution (hydrolysis), because these processes are
very slow in ambient water, most decreases in concentrations of haloacetates in drinking water distribution systems

are likely due to biodegradation (Urbansky, 2001).

Haloacetates are second to trihalomethanes as the most commonly detected disinfection by-products in surface
drinking water supplies in the United States (Liang and Singer, 2003). The relative amounts of these two families
of chemicals as well as other disinfection by-products produced in drinking water supplies are affected by the
nature and concentration of the organic precursor materials, water temperature, pH, the type of disinfectant, the
disinfectant dose, and contact time (Liang and Singer, 2003; Huang et al., 2004). For example, increasing the pH
from 6 to 8 increases trihalomethane formation, decreases trihaloacetate formation, and has little effect on mono-
and dihaloacetate levels. Bromoform and dibromoacetate were the predominant disinfection by-products measured
in water from the Sea of Galilee (approximately 2 mg bromide/L) that was pretreated with chlorination for algae
control and then disinfected with chlorine dioxide and chloramines (Richardson ef al., 2003). Controlled
laboratory studies also showed that dibromoacetate is produced by chlorine dioxide treatment (Richardson ef al.,

2003) or ozonation (Huang ef al., 2004) of water containing high ambient bromide concentrations.

Levels of haloacetic acids in drinking water are regulated by the United States Environmental Protection Agency
(40 CFR, § 141.64) under the disinfection by-product rule, the sum of monochloroacetic acid, dichloroacetic acid,

trichloroacetic acid, monobromoacetic acid, and dibromoacetic acid is limited to 60 png/L (60 ppb). This level is
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believed to reduce risks from cancer as well as reproductive and developmental toxicity. A nationwide study of
disinfection by-product occurrence in diverse geographic regions of the United States was conducted between
October 2000 and April 2002 (Weinberg ef al., 2002). In this study, 12 water treatment plants that had different
source water quality and bromide levels and that employed the major disinfectants chlorine, chloramines, ozone,
and chlorine dioxide were sampled quarterly. Concentrations of dibromoacetate in the finished water ranged up to

18 ng/L and estimates of dibromoacetate concentration in the distribution systems ranged up to 22 ug/L.

Much higher levels of human exposure to dichloroacetate have occurred from therapeutic use of this agent to treat
lactic acidosis; dichloroacetate acts by stimulating the mitochondrial pyruvate dehydrogenase complex, resulting in
increased oxidation of glucose, lactate, and pyruvate (Stacpoole ef al., 1998). Dichloroacetate is also a metabolite
of trichloroethylene. Health effects of dichloroacetate may be relevant to dibromoacetate because of qualitative

similarities in the metabolism of the chlorinated/brominated dihaloacetates.

ABSORPTION, DISTRIBUTION, METABOLISM, AND EXCRETION
Dihaloacetates are rapidly absorbed from the gastrointestinal tract after oral exposure. The maximum blood
concentration of dibromoacetate in F344/N rats was reached 1 hour after administration by gavage (Schultz et al.,

1999).

Dihaloacetates exhibit low binding to rat plasma proteins (Schultz et al., 1999). Forty-eight hours after oral
administration of '*C-dichloroacetate in male F344/N rats, 5% to 8% of administered radiolabel was measured in
the liver, 5% to 10% in muscle, 3.3% to 4.5% in skin, 1.4% to 2.6% in blood, and 1.0% to 1.7% in the intestines
(Lin et al., 1993). Dibromoacetate was measured in the testicular interstitial fluid of male Sprague-Dawley rats
given five daily gavage doses of 250 mg dibromoacetate/kg body weight (Holmes ef al., 2001). The level of
dibromoacetate in testicular fluid peaked at 79 pg/mL (approximately 370 uM) 30 minutes after the last dose, and

the half-life was approximately 1.5 hours. Dibromoacetate was administered to Sprague-Dawley rats in drinking
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water at concentrations ranging from 125 to 1,000 ppm (mg/L) with exposures beginning 14 days before
cohabitation and continuing through gestation and lactation (Christian et al., 2001). Quantifiable levels of
dibromoacetate were measured in parental and fetal plasma, placental tissue, amniotic fluid, and milk. Thus,

dibromoacetate crosses the placenta and is taken up by fetal tissue.

The oral bioavailability of dibromoacetate was reported to be 30% in male F344/N rats (Schultz ef al., 1999). The
lower bioavailability of dibromoacetate compared to dichloroacetate is due to greater first-pass metabolism of
dibromoacetate in the liver. Biotransformation of dihaloacetates to glyoxylate occurs primarily in liver cytosol of
rats and humans by a glutathione-dependent process (James et al., 1997) catalyzed by glutathione-S-transferase
zeta (GSTG) (Tong et al., 1998a). This enzyme also catalyzes the penultimate step in the tyrosine degradation
pathway. Glyoxylate is the only stable metabolite of dichloroacetate formed by purified GSTC (Tong et al.,
1998b). The major metabolites identified in the urine or blood of F344/N rats or B6C3F | mice administered
dichloroacetate a<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>