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ABSTRACT

Species and isomer d i f f e r e n c e s  have been repor ted  in the h e p a to to x ic i ty  

o f  2 ,4 -  and 2 ,6 -d i m e t h y la n i l i n e  (DMA) in the dog and r a t .  This s tudy 

was designed to  i n v e s t i g a t e  the h e p a t o to x ic i t y  and u r in a ry  m e tabo l i te s  

o f  2 ,4 -  and 2,6-DMA in the dog and r a t  and the covalen t  binding of  the 

two isomers in the r a t  as d i f f e r e n c e s  in metabolism may be r e l a t e d  to 

the  d ive rgen t  hepa t ic  responses .  Male Beagles were o r a l l y  dosed fo r  1 

or  10 days with 2 ,6 -  or  2,4-DMA a t  25 mg/kg. Male F ischer  344 r a t s  were 

gavaged with 2 ,6 -  or  2,4-DMA a t  25% of t h e i r  r e s p e c t iv e  LD50's (262.5 

mg/kg; 117/mg/kg) fo r  the same time per iod .  The e f f e c t s  of  

phenobarbi ta l  (PB), 3-methy lcholan threne  (3MC) and SKF-525A on the 

h e p a t o to x ic i ty  and m e ta b o l i t e s  of  2 ,4 -  and 2,6-DMA were a l so  

i n v e s t i g a t e d .  24 Hr. u r ine  samples were analysed by GC and GC/MS; l i v e r  

s e c t io n s  were evalua ted  by l i g h t  and e l e c t ro n  microscopy.  A f in a l  group 

of  r a t s  rece ived  l^ C -2 ,4 -  or  -2,6-DMA a f t e r  a 9 day pre t rea tm en t  

with non labelled  compounds. Covalent binding to hepat ic  DNA, RNA and 

p ro te in  was determined.

2,6-DMA induced hepa t ic  f a t t y  degenerat ion in a l l  t r e a t e d  dogs; 2,4-DMA 

caused no d e t e c t a b l e  l e s i o n s .  In r a t s  2,6-DMA produced no s i g n i f i c a n t  

l i v e r  l e s i o n s ,  whereas 2,4-DMA induced hepatomegally and a s u b t l e  but 

d i s t i n c t  change c h a r a c t e r i z e d  by swollen c e l l s  with voluminous 

homogeneous cytoplasm and segregat ion  or  clumping of  cytoplasmic 

s u b s t r u c t u r e s .  Concurrent  t r ea tm en t  with PB and 2,4-DMA re s u l t e d  in

xv



death of  50% of the animals by Day 5. 3MC trea tm ent enhanced the

2.4-DMA le s i o n .  2,4-DMA a l l e v i a t e d  an SKF-525A - induced midzonal 

f a t t y  degenera t ion  of  the  l i v e r ,  whereas 2,6-DMA was l e s s  e f f e c t i v e  in 

t h i s  regard .

The major u r in a ry  m e tab o l i t e  of  2,4-DMA in the  dog was 

6-hydroxy-2,4-DMA. Minor m e tab o l i t e s  included 4-amino-3-methyl-benzoic 

ac id  and N ,2 , 4 - t r i m e t h y l a n i 1ine .  The major u r in a ry  m e tabo l i t e  of

2.6-DMA was 4-hydroxy-2,6-DMA. Minor m e tab o l i t e s  included

2-amino-3-methyl-benzoic a c id ,  N ,2 , 6 - t r i m e t h y l a n i l i n e ,

2 .6 -d im e thy ln i t ro sobe nzene ,  4- im ino-3 ,5 -d imethy l-qu inone ,  and the 

g lyc ine  conjugate of  the benzoic ac id .  Rats produced 

N-ace ty l-4-amino-3-methyl -benzoic  acid as the major m e tab o l i t e  of

2.4-DMA and N,2 , 4 - t r i m e t h y l a n i 1ine in small amounts. 2,6-DMA was 

p r im a r i ly  excre ted  as 4-hydroxy-2,6-DMA; N ,2 ,6 - t r i m e t h y l a n i l i n e  was a 

minor m e ta b o l i t e .

The cova len t  binding of  ^C-2,4-DMA to  r a t  hepa t ic  DNA, RNA or 

p ro te in  was s i g n i f i c a n t l y  g r e a t e r  than t h a t  of  l^C-2,6-DMA. The 

above r e s u l t s  appear to  in d i c a t e  t h a t  d i f f e r e n c e s  in metabolism, with 

p o s s ib le  a c t i v a t i o n  to r e a c t i v e  m e t a b o l i t e ( s ) ,  are important  in the 

d ive rge n t  hepa t ic  e f f e c t s  of  2 ,4 -  and 2,6-DMA in the r a t  and dog.

x v i



INTRODUCTION

Aromatic amines show grea t  d i v e r s i t y  of s t r u c t u r e ,  and because of 

t h i s  d i v e r s i t y ,  are qu i te  useful  compounds. Each is composed of one 

or  more benzene r ings  to which at l e a s t  one amine (-NH2 ) group is 

a t tached .  In primary aromatic amines the  n i t rogen  i s  s o le ly  

s u b s t i t u t e d  by hydrogen; a n i l i n e  (CgHgN^) is  a primary 

aromatic amine. In secondary amines one of these  hydrogens is 

s u b s t i t u t e d  by alkyl or aryl  groups; in t e r t i a r y  aromatic amines both 

hydrogens on the  n i t rogen  are s u b s t i t u t e d .  The benzene r ing  may also 

be s u b s t i t u t e d  as in t o l u i d i n e  where a methyl group rep laces  a 

hydrogen atom, conjoined as in 4 ,4 ' -d iaminodiphenyl ,  bridged as in 

4 , 4 ' - m e th y l e n e - b i s - d i a n i l i n e  or  condensed as in 1-nap thylamine. l  

(Figure 1. )

a n i l i n e o - to l u id in e 4 , 4 ' -di  aminodiphenyl 
(benzid ine)

4 , 4 ' -m e th y le n e -b i s -d ia n i l in e  
(MDA)

1-naphthylamine

Figure 1. S t ru c tu re s  of some aromatic amines.
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A g re a t  number of compounds are thus p o s s ib le ;  in theory  i n f i n i t e ,  in 

p r a c t i c e  enormous. This ,  coupled with t h e i r  a b i l i t y  to r e a c t  with 

o th e r  amines and chemical c l a s s e s ,  makes aromatic amines very 

va luab le  in organic s y n th e s i s ,  p a r t i c u l a r l y  in the  manufacturing ,  

pharmaceut ical  and chemical i n d u s t r i e s .  These compounds are used as 

s y n t h e t i c  d y e s tu f f s  of  c l o t h ,  f u r ,  h a i r ,  paper and p a i n t ,  as 

a n t io x id a n t s  in rubber ,  as curing agents for  polyurethane  p l a s t i c s  

and as the  foundation  in the  syn thes i s  of a number of d ru g s .2

I n t e r e s t  in the  t o x i c i t y  of  aromatic amines has grown as t h e i r  

i n d u s t r i a l  use has expanded. I t  was e a r l y  recognized t h a t  a n i l i n e  

could cause cyanosis .  The cause of t h i s  cyanosis  was l a t e r  found to 

be methemoglobin f o rm a t io n .3 This in tu rn  led to  the  d iscovery  

t h a t  the  methemoglobin product ion  was not due to  a n i l i n e  i t s e l f ,  but 

was due p r im a r i ly  to phenylhydroxylamine,  a m e tabo l i t e  of a n i l i n e . ^  

I t  was al so noted t h a t  th e  induction  of methemoglobin was not l imited  

t o  a n i l i n e  alone;  o th e r  aromatic amines were capable of producing 

t h i s  response.  C er ta in  o the r  acute t o x i c i t i e s  were al so repor ted  

e a r l y  in the  use of th e se  compounds i . e . ,  t h e i r  a b i l i t y  to induce 

sk in  s e n s i t i z a t i o n  and, a f t e r  massive exposure,  severe h e m a t u r ia .3

The more s e r ious  chron ic  e f f e c t s  of aromatic amines were not evident  

u n t i l  they  had been in use fo r  approximately 30 y e a r s .  In 1895 a 

German surgeon,  Rehn, repo r te d  t h r e e  cases of  b ladder tumors in 

German d y e s tu f f  workers.^  This was a r e l a t i v e l y  uncommon d isease  

and the  t h r e e  cases proved an unusually  high inc idence .  Rehn



a t t r i b u t e d  the bladder tumors to a n i l i n e  exposure and the  term

" a n i l i n e  tumore" was used fo r  many years .  The term may be a misnomer 

as th e s e  tumors were l a t e r  a t t r i b u t e d  to  2-naphthylamine and

benz id ine  exposure.® While bladder tumors can be induced by these  

two amines, t h e r e  i s  no d e f i n i t e  evidence t h a t  a n i l i n e  was not

invo lved .^  Concern f o r  the  ca rc inogenic  r i s k  posed by aromatic 

amines expanded work in t h i s  area  and by 1979, when the Occupational  

S a fe ty  and Health Admin is t ra t ion  recognized 17 ca rc inogens ,  9 were

aromatic n i t r o  and amino compunds (2 -ace ty lam ino f lou r ine ,

4-aminobiphenyl , benz id ine ,  3 ,3 ' - d i c h lo r o b e n z id in e ,

4-dimethyl  aminoazobenzene, 1-naphthylamine,  2-naphthylamine,  

4 , 4 ' -methylene- b i s - ( 2 - c h l o r o a n i l i n e ) ,  and 4 - n i t r o b ip h e n y l ) . ^

The acute e f f e c t  of methemoglobinemia and the  se r ious  chronic e f f e c t  

of  cancer induction  c rea ted  i n t e r e s t  in the t o x i c i t y  of the aromatic 

amines as a family .  C er ta in  of these  compounds, such as a n i l i n e ,  

benzid ine  and 2 -a c e ty la m in o f lo u r in e ,  have been in v e s t ig a t e d  

e x t e n s i v e ly .  Others have rece ived  l i t t l e  a t t e n t i o n  d e s p i t e

in c re a s in g  use. The d i a l k y l a n i l i n e s  and methylene bridged a n i l in e s  

en joy ex tens ive  use,  ye t  l i t t l e  information on t h e i r  t o x i c i t y  is 

a v a i l a b l e  in the  open l i t e r a t u r e .  In a d d i t io n ,  the  information

a v a i l a b l e  i s  o f ten  of l im i ted  use because of f a i l u r e  to  c l e a r l y

s p e c i fy  the  compound under s tudy .  For example, r e p o r t s  on the  

t o x i c i t y  of  ' d i m e t h y l a n i l i n e 1 could r e f e r  to  2 ,4 -d i m e t h y la n i l i n e ,

2 , 6 -d i m e t h y la n i l i n e ,  N ,N -d im ethy lan il ine ,  or any o the r  combination.  

The to x i c  e f f e c t s  of the se  compounds are not n e c e s s a r i l y  the same,



even though they  are a l l  isomers of ' d i m e t h y l a n i l i n e ' . Thus, much of 

th e  o lde r  l i t e r a t u r e  i s  of l i t t l e  value.

The purpose of t h i s  s tudy is to  i n v e s t ig a t e  the  h e p a t o to x ic i t y ,  

macromolecular  cova len t  b inding,  and metabolism of 2 ,4 -  and

2 .6 -d i m e t h y la n i l i n e  in the  r a t  and dog. These two compounds d i f f e r  

from one another s t r u c t u r a l l y  by the p o s i t i o n  of one methyl group; 

y e t  one i s  more acu te ly  hepato toxic  to  the  dog; th e  o ther  to  the  r a t .  

Furthermore,  the h i s to p a th o lo g ic a l  e f f e c t  produced by each isomer is 

d i f f e r e n t  in the two s p e c ie s .  One has induced f a t t y  change in the 

dog; the  o ther  hepatomegaly,  hepa tocy t ic  vacuo l iza t ion  and b i l e  duct 

d i l a t i o n  in the  r a t .  The dose requ i red  to  produce the se  changes is 

a l so  s i g n i f i c a n t l y  lower in the  dog than the  r a t .  In a d d i t io n ,

2 . 6 -d im e th y la n i l in e  has induced tumors in the nasal  t u r b i n a t e s  of 

t r e a t e d  r a t s ,  whereas the  carc inogen ic  response to

2 , 4 -d im e th y la n i l in e  was equivocable .  Despite  th e se  i n t e r e s t i n g  

phenomena, very  l i t t l e  published work e x i s t s  on the  t o x i c i t y  of these  

compounds.

The answer to  the  d ivergent  responses  produced by the  two isomers may 

be r e l a t e d  to d i f f e r e n c e s  in metabolism. B io t ransform ation  of the 

two isomers may proceed via  s epa ra te  rou te s  as the r e s u l t  of e i t h e r  

d i f f e r e n c e s  in chemical s t r u c t u r e  or spec ies  v a r i a t i o n  in metabolism. 

D if fe rences  in b io t rans fo rm at ion  cou ld ,  in t u r n ,  a f f e c t  the  

production  of r e a c t iv e  chemical s p e c ie s ,  which may bind to  c r i t i c a l  

macromolecules, r e s u l t i n g  in e i t h e r  t a r g e t  organ t o x i c i t y  or 

ca rc in o g en es i s .
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