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ABSTRACT

Species and isomer differences have been reported in the hepatotoxicity
of 2,4- and 2,6-dimethylaniline (DMA) in the dog and rat. This study
was designed to investigate the hepatotoxicity and urinary metabolites
of 2,4- and 2,6-DMA in the dog and rat and the covalent binding of the
two isomers in the rat as differences in metabolism may be related to
the divergent hepatic responses. Male Beagles were orally dosed for 1
or 10 days with 2,6- or 2,4-DMA at 25 mg/kg. Male Fischer 344 rats were
gavaged with 2,6- or 2,4-DMA at 25% of their respective LD50's (262.5
mg/kg; 117/mg/kg) for the same time period. The effects of
phenobarbital (PB), 3-methylcholanthrene (3MC) and SKF-525A on the
hepatotoxicity and metabolites of 2,4- and 2,6-DMA were also
investigated. 24 Hr. urine samples were analysed by GC and GC/MS; liver
sections were evaluated by 1light and electron microscopy. A final group
of rats received 14C-2,4- or -2,6-DMA after a 9 day pretreatment
with nonlabelled compounds. Covalent binding to hepatic DNA, RNA and

protein was determined.

2,6-DMA 1induced hepatic fatty degeneration in all treated dogs; 2,4-DMA
caused no detectable lesions. In rats 2,6-DMA produced no significant
liver lesions, whereas 2,4-DMA induced hepatomegally and a subtle but
distinct change characterized by swollen «cells with voluminous
homogeneous cytoplasm and segregation or clumping of cytoplasmic

substructures. Concurrent treatment with PB and 2,4-DMA resulted in

XV




death of 50% of the animals by Day 5. 3MC treatment enhanced the
2,4-DMA  Tlesion. 2,4-DMA alleviated an SKF-525A - induced midzonal
fatty degeneration of the liver, whereas 2,6-DMA was less effective in

this regard.

The major wurinary metabolite of 2,4-DMA in the - dog was
6-hydroxy-2,4-DMA. Minor metabolites incltuded 4-amino-3-methyl-benzoic
acid and N,2,4-trimethylaniline. The major urinary metabolite of
2,6-DMA  was 4-hydroxy-2,6-DMA. Minor metabolites included
2-amino-3-methyl-benzoic acid, N,2,6-trimethylaniline,
2,6-dimethylnitrosobenzene, 4-imino-3,5-dimethyl-quinone, and the
glycine conjugate of the benzoic acid. Rats produced
N-acetyl-4-amino-3-methyl-benzoic acid as the major metabolite of
2,4-DMA and N,2,4-trimethylaniline in small amounts. 2,6-DMA  was
primarily excreted as 4-hydroxy-2,6-DMA; N,2,6-trimethylaniliine was a

minor metabolite.

The covalent binding of 14C-2,4-DMA to rat hepatic DNA, RNA or
protein was significantly greater than that of 14C-2,6-DMA. The
above results appear to indicate that differences in metabolism, with
possible activation to reactive metabolite(s), are important in the

divergent hepatic effects of 2,4- and 2,6-DMA in the rat and dog.

xvi




INTRODUCTION

Aromatic amines show great diversity of structure, and because of
this diversity, are quite useful compounds. Each is composed of one
or more benzene rings to which at least one amine (-NHp) group is
attached. In primary aromatic amines the nitrogen is solely
substituted by hydrogen; aniline (CgHgNHp) is a primary
aromatic amine. In secondary amines one of these hydrogens is
substituted by alkyl or aryl groups; in tertiary aromatic amines both
hydrogens on the nitrogen are substituted. The benzene ring may also
be substituted as in toluidine where a methyl group replaces a
hydrogen atom, conjoined as in 4,4'-diaminodiphenyl, bridged as in
4,4'-methylene-bis-dianiline or condensed as in l-napthylamine.1

(Figure 1.)

NHp NHp
¢ "
aniline o-toluidine 4,4'-diaminodipheny]
(benzidine)
M
- —@- - —@- -
4,4'-methylene-bis-dianiline l-naphthylamine
(MDA)

Figure 1. Structures of some aromatic amines.




A great number of compounds are thus possible; in theory infinite, in
practice enormous. This, coupled with their ability to react with
other amines and chemical classes, makes aromatic amines very
valuable in organic synthesis, particularly in the manufacturing,
pharmaceutical and chemical industries. These compounds are used as
synthetic dyestuffs of cloth, fur, hair, paper and paint, as
antioxidants in rubber, as curing agents for polyurethane plastics

and as the foundation in the synthesis of a number of drugs.2

Interest in the toxicity of aromatic amines has grown as their
industrial use has expanded. It was early recognized that aniline
could cause cyanosis. The cause of this cyanosis was later found to
be methemoglobin formation.3  This in turn led to the discovery
that the methemoglobin production was not due to aniline itself, but
was due primarily to phenylhydroxylamine, a metabolite of aniline.?
It was also noted that the induction of methemoglobin was not limited
to aniline alone; other aromatic amines were capable of producing
this response. Certain other acute toxicities were also reported
early in the use of these compounds i.e., their ability to induce

skin sensitization and, after massive exposure, severe hematuria.3

The more serious chronic effects of aromatic amines were not evident
until they had been in use for approximately 30 years. 1In 1895 a
German surgeon, Rehn, reported three cases of bladder tumors in
German dyestuff workers.5 This was a relatively uncommon disease

and the three cases proved an unusually high incidence. Rehn




attributed the bladder tumors to aniline exposure and the term
"aniline tumore" was used for many years. The term may be a misnomer
as these tumors were later attributed to 2-naphthylamine and
benzidine exposure.6 While bladder tumors can be induced by these
two amines, there 1is no definite evidence that aniline was not
involved.”  Concern for the carcinogenic risk posed by aromatic
amines expanded work in this area and by 1979, when the Occupational
Safety and Health Administration recognized 17 carcinogens, 9 were
aromatic nitro and amino compunds (2-acetylaminoflourine,
4-aminobiphenyl, benzidine, 3,3'~dichlorobenzidine,
4-dimethylaminoazobenzene, 1-naphthylamine, 2-naphthylamine,

4,4'-methylene- bis-(2-chloroaniline), and 4-nitrobipheny1).2

The acute effect of methemoglobinemia and the serious chronic effect
of cancer induction created interest in the toxicity of the aromatic
amines as a family. Certain of these compounds, such as aniline,
benzidine and 2-acetylaminoflourine, have been investigated
extensively. Others have received 1little attention despite
increasing use. The dialkylanilines and methylene bridged anilines
enjoy extensive use, yet 1little information on their toxicity is
available in the open literature. In addition, the information
available is often of limited use because of failure to clearly
specify the compound under study. For example, reports on the
toxicity of ‘'dimethylaniline' could refer to 2,4-dimethylaniline,
2,6-dimethylaniline, N,N-dimethylaniline, or any other combination.

The toxic effects of these compounds are not necessarily the same,




even though they are all isomers of 'dimethylaniline'. Thus, much of

the older literature is of little value.

The purpose of this study is to investigate the hepatotoxicity,
macromolecular covalent binding, and metabolism of 2,4- and
2,6-dimethylaniline in the rat and dog. These two compounds differ
from one another structurally by the position of one methyl group;
yet one is more acutely hepatotoxic to the dog; the other to the rat.
Furthermore, the histopathological effect produced by each isomer is
different in the two species. One has induced fatty change in the
dog; the other hepatomegaly, hepatocytic vacuolization and bile duct
dilation in the rat. The dose required to produce these changes is
also significantly lower in the dog than the rat. In addition,
2,6-dimethylaniline has induced tumors in the nasal turbinates of
treated rats, whereas the carcinogenic response to
2,4-dimethylaniline was equivocable. Despite these interesting
phenomena, very little published work exists on the toxicity of these

compounds.

The answer to the divergent responses produced by the two isomers may
be related to differences in metabolism. Biotransformation of the
two isomers may proceed via separate routes as the result of either
differences in chemical structure or species variation in metabolism.
Differences 1in biotransformation «could, in turn, affect the
production of reactive chemical species, which may bind to critical
macromolecules, resulting in either target organ toxicity or

carcinogenesis.
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