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P o l y c y c l i e  a r o m a t i c  h y d r o c a r b o n s  (PAH) a r e  C o n t a m i n a n t s  
o f  s u r f a c e  w a t e r s  a n d  s e d i m e n t s ,  e s p e c i a l l y  n e a r  u r b a n  
c e n t e r s  ( M a l i n s  e t  a l .  1 9 8 5 ) .  A l t h o u g h  a q u a t i c  b i o t a  
a c c u m u l a t e  PAHs f r o m  e n v i r o n m e n t a l  s o u r c e s ,  m e t a b o l i s m  
may be  r a p i d ,  a n d  b i o t a  s a m p l e d  f r o m  c o n t a m i n a t e d  a r e a s  
o f t e n  h a v e  c o n c e n t r a t i o n s  l o w e r  t h a n  m i g h t  be  e s t i m a t e d  
f r o m  b i o c o n c e n t r a t i o n  f a c t o r s .  I n  some  c a s e s  ( e . g .  
b e n z o ( a ) p y r e n e ;  BaP)  PAH m e t a b o l i s m  b y  a q u a t i c  b i o t a  may 
c r e a t e  r e a c t i v e  i n t e r m e d i a t e s ,  some  o f  w h i c h  h a v e  b e e n  
r e l a t e d  t o  c h r o n i c  e f f e c t s  J n  f i s h e s  ( V a r a n a s i  e t  a l ,  
1 9 8 1 ;  M a l i n s  e t  a l .  1 9 8 5 ) .  T h i s  r e p o r t  d e s c r i b e s  t h e  
f a t e  a n d  d i s t r i b u t i o n  o f  7 , 1 2 - d i m e t h y l b e n z ( a ) a n t h r a c e n e  
(DMBA) a f t e r  o r a l  a d m i n i s t r a t i o n  to rainbow t r o u t  (Sa'lmo 
g a i r d n e r i ) .  Emphasis has been placed on the d i s p o s i t i o n  
of DMBA among t i s s u e s  and on DHBA t r a n s f o r m a t i o n  in the 
h e p a t o b i l i a r y  system. 

MATERIALS AND METIIODS 

Sexua l ly  immature rainbow t r o u t  ( 4 1 Z  8 g; mean Z s) 
were o b t a i n e d  from Musky Trout Hatchery, Asbury, NJ. The 
f i s h  were m a i n t a i n e d  in  300 i aqua r i a  at  10.0 • 0.4 C 
and t r e a t e d  with 60 ml MarOxy f u n g i c i d e  (Mardel 
L a b o r a t o r i e s ,  G lenda le ,  IL).  Fish were held in  the 
l a b o r a t o r y  for  a t  l e a s t  48 hr b e f o ~  use and were not 
fed du r ing  the expe r imen t s .  Stock C~MBA (Amersham} 
had a s p e c i f i c  a c t i v i t y  of 32.34 uCi C per mg. Dosing 
exper iments  used DMBA in ace tone ,  added to corn o i l ;  
r e s i d u a l  acetone was removed by a stream of N 2, and 
i n d i v i d u a l  doses (655 ~ 8 ng; 0.02 uCi per dose) were 
loaded i n t o  #5 c l e a r  p l a s t i c  capsu les  (E l i  L i l l y ,  
I n d i a n a p o l i s ,  IN). I n d i v i d u a l  f i s h  were dosed by garage 
while under l i g h t  a n e s t h e s i a  (MS-222; 3.-aminobenzoic 
acid e t h y l e s t e r ;  Sigma), p laced in  c l ean  water for  
recovery  from a n e s t h e s i a  (~ I0 min) and then moved to 
105 l ,  a l l - g l a s s  ho ld ing  a q u a r i a .  

Samples of four f i s h  were removed from the ho ld ing  tanks  
at  6, 12, 24, 48 and 72 hr a f t e r  dos ing .  The f i s h  were 
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k i l l e d  w i t h  a n  o v e r d o s e  o f  M S - 2 2 2  a n d  m u s c l e ,  g i l l ,  g a l l  
b l a d d e r ,  l i v e r ,  s t o m a c h  { i n c l u d i n g  e s o p h a g u s ) ,  i n t e s t i n e  
a n d  t r u n k  k i d n e y  w e r e  t a k e n  f o r  a n a l y s i s .  M u s c l e ,  g i l l ,  
s t o m a c h ,  i n t e s t i n e  a n d  t r u n k  ~ d n e y  w e r e  a n a l y z e d  t o  
de termine  t o t a l  DMBh-derived --C ~ d i o a c t i v i t y ;  no 
d i f f e r e n t i a t i o n  was made between --C a c t i v i t y  de r ived  
from p a r e n t  DMBA and DMBA m e t a b o l i t e s .  T issue  samples 
were d i g e s t e d  in P ro to so l  (New England Nuclear)  at  55 C 
and f l u o r e d  with Ecosc in t  (Na t iona l  D i a g n o s t i c s )  for  
c o u n t i n g  on a Packard Tr i -Carb  Liquid S c i n t i l l a t i o n  
Counter (LSC). 

G a l l  b l a d d e r  a n d  l i v e r  s a m p l e s  w e r e  f r a c t i o n a t e d  t o  
s e p a r a t e  p a r e n t  DMBA f r o m  m o r e  p o l a r ,  D M B A - d e r i v e d  
m e t a b o l i t e s .  S a m p l e s  w e r e  h o m o g e n i z e d  (2X} i n  c o l d  
m e t h a n o l / c h l o r o f o r m  (MeOH/CLF,  1 : 1  v / v ) .  A f t e r  
c e n t r i f u g a t i o n  t h e  s o l v e n t s  w e r e  d e c a n t e d  a n d  t h e  p e l l e t  
s a v e d .  E x c e s s  w a t e r  was  a d d e d  t o  t h e  MeOH/CLF m i x t u r e ,  
t h e  s a m p l e s  w e r e  c e n t r i f u g e d ,  a n d  t h e  t w o  s o l v e n t  l a y e r s  
w e r e  s e p a r a t e d  f o r  a n a l y s i s  by  LSC. A l i q u o t s  o f  t h e  CLF 
a n d  M e O H / w a t e r  p h a s e s  w e r e  r e d u c e d  i n  v o l u m e ,  f l u o r e d ,  
a n d  t h e  s a m p l e s  c o u n t e d .  P e l l e t s  w e r e  d i g e s t e d  i n  
P r o t o s o l ,  f l u o r e d  a n d  c o u n t e d  t o  d e t e r m i n e  s o l v e n t  
e x t r a c t i o n  e f f i c i e n c y  { a p p r o x i m a t e l y  8 0 % ) .  

RESULTS AND DISCUSSION 

Less than 0 06% of the administered 14C �9 a c t i v i t y  was 
d e t e c t e d  in t r u n k  k i d n e y  samples f r o m  a n y  s a m p l i n g  
p e r i o d ;  d a t a  f r o m  o t h e r  t i s s u e s  a r e  p r e s e n t e d  h e r e .  

W h o l e - b o d y  r e t e n t i o n  o f  an  o r a l  d o s e  o f  DMBA i n  r a i n b o w  
t r o u t  was r e l a t i v e l y  i n e f f i c i e n t ;  no more than 12,4% of 
the a d m i n i s t e r e d  dose was found in n o n - a l i m e n t a r y  
t i s s u e s  at  any time (Table i ) .  DMBA-derived 
r a d i o a c t i v i t y  in  the whole body, i n c l u d i n g  the gu t ,  
d e c l i n e d  from 100% to 53% of the a d m i n i s t e r e d  dose by 6 
hr a f t e r  dos ing ,  fol lowed by a decrease  to 16% of the 
a d m i n i s t e r e d  dose between 6 and 72 hr a f t e r  dos ing .  
Applying f i r s t - o r d e r  k i n e t i c s  to the da ta ,  the 
c a l c u l a t e d  r a t e - c o n s t a n t  for whole-body e l i m i n a t i o n  of 
DMBA-der~ved a c t i v i t y  from the rainbow t r o u t  (k ) was 
0.02 h r -  , y i e l d i n g  an e l i m i n a t i o n  h a l f - t i m e  fo~ the 
i n g e s t e d  dose of 34 hr,  Almost 30% of the a d m i n i s t e r e d  
dose remained in  the stomach and i n t e s t i n e  48 hr a f t e r  
dos ing  (Table I ) .  

A c c u m u l a t i o n  o f  D M B A - d e r i v e d  r a d i o a c t i v i t y  i n  n o n -  
a l i m e n t a r y  t i s s u e s  o f  r a i n b o w  t r o u t  was  r a p i d  d u r i n g  t h e  
f i r s t  12 h r  a f t e r  d o s i n g .  A c c u m u l a t i o n  t h e r e a f t e r  was  
s l o w ,  w i t h  t h e  m a x i m i u m  b u r d e n  ( 8 0 . 6  n g ;  12% o f  t h e  
a d m i n i s t e r e d  d o s e )  o c c u r r i n g  48 h r  a f t e r  d o s i n g  { T a b l e  
I ) .  M o s t  o f  t h e  DMBA i n  t h e  t r o u t  ( 1 . 6 6 %  o f  t h e  
a d m i n i s t e r e d  d o s e )  was  i n  t h e  m u s c l e  a n d  g i l l  6 h r  a f t e r  
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Table 2 .  Mass of DMBA r e t a i n e d  (ng) and p r o p o r t i o n a l  
d i s t r i b u t i o n  (pe rcen t  of r e t a i n e d  dose) among non- 
a l i m e n t a r y  t i s s u e s  of rainbow t r o u t  between 6 and 72 hr 
a f t e r  o r a l  a d m i n i s t r a t i o n  of a 655 ng dose of 14C-DMBA. 

Time a f t e r  ng DMBA Percen t  of Reta ined  Dose 
Dosing r e t a i n e d  Muscle G i l l  Gall  Bladder Liver  

6 1 5 . 1  3 2 . 2  4 0 . 0  1 3 . 0  1 4 . 8  

12 4 0 . 6  4 4 . 5  8 . 1  3 6 . 1  1 1 . 4  

24 4 1 . 3  2 9 . 2  4 . 0  5 2 . 9  1 3 . 8  

48 8 0 . 6  1 6 . 7  4 .  1 7 3 . 6  5 . 6  

72 5 8 . 0  1 8 . 2  1 . 6  7 2 . 0  8 . 2  

( l o s i n g  ( T a b l e  1 ) .  H o w e v e r ,  t h e  DMBA b u r d e n  i n  t h e  l i v e r  
a n d  g a l l  b l a d d e r  i n c r e a s e d  r a p i d l y .  When e x p r e s s e d  a s  a 
p e r c e n t a g e  o f  t h e  DMBA p r e s e n t  i n  t h e  n o n - a l i m e n t a r y  
t r a c t  t i s s u e s  a t  e a c h  s a m p l i n g  t i m e ,  t h e  D M B A - d e r i v e d  
r a d i o a c t i v i t y  i n  t h e  c o m b i n e d  l i v e r  a n d  g a l l  b l a d d e r  
s a m p l e s  i n c r e a s e d  f r o m  27% o f  t h e  r e t a i n e d  d o s e  6 h r  
a f t e r  d o s i n g  t o  8 0 . 2 %  48 h r  a f t e r  d o s i n g  ( T a b l e  2 ) .  

DMBA a c t i v i t y  in the l i v e r  was t r ans fo rmed  r a p i d l y  from 
n o n - p o l a r ,  CLF-ex t r ac t ab l e  m a t e r i a l  to l e s s  n o n - p o l a r  
m a t e r i a l  e x t r a c t e d  i n t o  the MeOH/water f r a c t i o n .  The 
t o t a l  mass of DMBA-derived m a t e r i a l  in  the l i v e r  was 
sma l l ,  r ang ing  from 2.2 ng 6 hr a f t e r  dosing to 5.7 ng 
24 hr a f t e r  dosing (Table 3).  D i s t r i b u t i o n  of DMBA- 
de r ived  a c t i v i t y  between CLF- and MeOH/water-extractable  
m a t e r i a l  in  the l i v e r  changed d r a m a t i c a l l y  throughout  
the exper iment ,  from approx imate ly  equal d i s t r i b u t i o n  
a f t e r  6 ~ .  to the c o n d i t i o n  where 98% of the DMBA- 
der ived  t C - a c t i v i t y  in  the l i v e r  was in the form of 
MeOH/water e x t r a c t a b l e  m a t e r i a l  72 hr a f t e r  exposure 
(Table 3).  

A n a l y s i s  o f  s a m p l e s  f r o m  g a l l  b l a d d e r  s h o w e d  t h a t  b o t h  
n o n - p o l a r  a n d  l e s s  n o n - p o l a r  m a t e r i a l s  w e r e  t r a n s p o r t e d  
r a p i d l y  f r o m  t h e  l i v e r  t o  t i l e  g a l l  b l a d d e r .  S i x  h r  a f t e r  
d o s i n g  t h e  g a l l  b l a d d e r  h a d  a c c u m u l a t e d  13% ( a b o u t  2 n g )  
o f  t h e  D M B A - d e r i v e d  m a t e r i a l  p r e s e n t  i n  n o n - a l i m e n t a r y  
t r a c t  t i s s u e s  ( T a b l e  2 ) .  T h i s  v a l u e  i n c r e a s e d  r a p i d l y  
u n t i l  48 h r  a f t e r  d e s i n g ,  w h e n  t h e  g a l l  b l a d d e r  
c o n t a i n e d  7 3 . 6 %  o f  t h e  r e t a i n e d  d o s e ,  o r  a b o u t  59 n g  o f  
D M B A - d e r i v e d  m a t e r i a l  ( T a b l e  2 ) ,  D M B A - d e r i v e d  a c t i v i t y  
i n  t h e  g a l l  b l a d d e r  was  p r e s e n t  p r i m a r i l y  a s  M e O H / w a t e r -  
e x t r a c t a b l e  m a t e r i a l ,  w h i c h  c o m p r i s e d  b e t w e e n  80% t o  93% 
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Table 3. Mass of DMBA-derived material (ng) in liver and 
g a l l  b l a d d e r  a n d  p e r c e n t  d i s t r i b u t i o n  o f  c h l o r o f o r m -  a n d  
m e t h a n o l - e x t r a c t a b l e  D M B h - - d e r i v e d  r a d i o a c t i v i t y  i n  l i v e r  
a n d  g a l l  b l a d d e r  o f  r a i n b o w  t r o u t  e x p o s e d  t o  an  o r a l  
d o s e  o f  655  ng  DMBA i n  c o r n  o i l .  

L i v e r  G a l l  B l a d d e r  
T i m e  a f t e r  ng  DMBA % i n  % i n  ng  DMBA % i n  % i n  

Dosing activity CIIC13 MeOB activity CHCI 3 MeOH 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

6 2 . 2  44 56 2 . 0  20 80 

12 4 . 6  39 61 1 4 . 7  13 87 

24 5 . 7  16 84 2 1 . 8  9 91 

48 4 . 5  22 78 5 9 . 3  9 91 

72 4 . 7  2 98 4 1 . 8  7 93 

o f  t h e  D M B h - d e r i v e d  r a d i o a c t i v i t y  i n  t h e  g a l l  b l a d d e r  
( T a b l e  3 ) .  

A w i d e  v a r i e t y  o f  PAH c o m p o u n d s  h a v e  b e e n  d e t e c t e d  i n  
c o n t a m i n a t e d  e c o s y s t e m s ,  r a n g i n g  f r o m  2 - - r i n g  c o m p o u n d s  
s u c h  a s  n a p h t h a l e n e  t o  m u l t i - r i n g  PAH a n d  h e t e r o c y c l i c  
c o m p o u n d s ,  i n c l u d i n g  b e n z ( a ) a n t h r a c e n e  a n d  m e t h y l -  
s u b s t i t u t e d  b e n z ( a ) a n t h r a c e n e s  ( B i e r i  e t  a l .  1 9 8 6 ;  
M a l i n s  e t  a l .  1 9 8 5 ) .  S c h u l t z  a n d  S c h u l t z  ( 1 9 8 2 )  h a v e  
s t u d i e d  D M B h - i n d u c e d  l i v e r  n e o p l a s i a  i n  t w o  s p e c i e s  o f  
P o e c i l i o E s i s ,  a n d  P r o t i c - S a b l j i k  ( 1 9 8 4 )  d e t e r m i n e d  t h a t  
DMBA i n d u c e d  AHH a c t i v i t y  i n  c a r p ,  l e a d i n g  t o  t h e  
f o r m a t i o n  o f  m u t a g e n i c  m e t a b o l i t e s .  We k n o w  o f  no o t h e r  
s t u d i e s  p r o v i d i n g  d a t a  on  t h e  a s s i m i l a t i o n  a n d  
metabolism of DMBA in fishes. 

T h e  o v e r a l l  r e t e n t i o n  a n d  t i s s u e  d i s p o s i t i o n  o f  DMBA i n  
t r o u t  c a n  be  c o m p a r e d  t o  t h a t  o b s e r v e d  f o r  p h e n a n t h r e n e  
( 3 - r i n g  PAIl) a n d  BaP ( 5 - - r i n g  PAH) a d m i n i s t e r e d  t o  o t h e r  
a q u a t i c  b i o t a ,  i n c l u d i n g  b l u e  c r a b s  ( C a l l i n e c t e s  
~ ! ~ ) ,  English sole (~E~Eh~E~ vetulus) and pollack 
(Pollachius virens). Assimilation of DMBA and 
phenanthrene from the gut appears to be slow in fishes. 
Almost 30% of the administered dose of DMBA remained in 
the alimentary tract of trout for 48 hr in the present 
study, while Solbakken et al. (1980) reported that 
pollack dosed with phenanthrene retained as much as 47% 
of the administered dose in the intestine 48 hr after 
dosing. In blue crabs, however, Moese (1987) reported 
r a p i d  r e m o v a l  o f  p h e n a n t h r e n e  f r o m  t i l e  g u t ,  w i t h  l e s s  
t h a n  I% o f  t h e  a d m i n i s t e r e d  d o s e  r e m a i n i n g  a f t e r  24 h r .  
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The e l i m i n a t i o n  ra}e c o n s t a n t  of phenanthrene  in  b lue  
crabs was 0.07 hr more than a f a c t o r  of 3 g r e a t e r  
than e s t ima t ed  for DMBA in rainbow t r o u t .  Such d i s p a r a t e  
r e s u l t s  may be due to the mode of a d m i n i s t r a t i o n  of the 
dose; t r o u t  and po l l a ck  were dosed by placement in the 
gut of capsu les  c o n t a i n i n g  PAIl in v e g e t a b l e  o i l ,  whereas 
Moese (1987) a d m i n i s t e r e d  phenanthrene  to blue crabs in 
a s l u r r y  made from blue mussel (M~ti lus e d u l i s ) .  

T r a n s p o r t  a n d  t i s s u e  d i s p o s i t i o n  o f  DMBA, p h e n a n t h r e n e  
a n d  BaP a p p e a r  t o  be  s i m i l a r  a m o n g  f i s h e s .  S o l b a k k e n  e t  
a l .  ( 1 9 8 0 )  r e p o r t e d  t h a t  a b o u t  13% o f  t h e  p h e n a n t h r e n e  
dose a d m i n i s t e r e d  to p o l l a c k  was p r e s e n t  in  the b i l e  
between 36 and 96 hr a f t e r  dos ing .  S i m i l a r  r e s u l t s  were 
o b t a i n e d  for  DMBA; about 9% of the a d m i n i s t e r e d  dose, 
compr is ing  73.6% of the n o n - a l i m e n t a r y  DMBA burden,  was 
p r e s e n t  J n  t h e  g a l l  b l a d d e r  48 h r  a f t e r  d o s i n g  ( T a b l e s  1 
a n d  2 ) ,  S t e i n  e t  a l .  ( 1 9 8 4 )  e x p o s e d  E n g l i s h  s o l e  t o  B a P -  
c o n t a m i n a t e d  s e d i m e n t s  a n d  f o u n d  t h a t  m o r e  t h a n  98% o f  
t h e  B a P - - d e r i v e d  r a d i o a c t i v i t y  i n  t h e  f i s h  was  p r e s e n t  i n  
l i v e r  a n d  b i l e  a f t e r  10 d a y s  o f  e x p o s u r e .  V a r a n a s i  e t  
a l .  ( 1 9 8 1 }  s h o w e d  t h a t  BaP a c c u m u l a t i o n  i n  t h e  l i v e r  o f  
Eng l i sh  so le  r e p r e s e n t e d  a small f r a c t i o n  of the 
a d m i n i s t e r e d  dose (0.2 to 0,8%) between 16 and 336 hr 
a f t e r  dos ing ,  For t r o u t ,  the f r a c t i o n  of the admin i s -  
t e red  dose of DMBA in the l i v e r  never exceeded 0.87% of 
the a d m i n i s t e r e d  dose (Table ] ) ,  and d e c l i n e d  between 24 
and 72 hr a f t e r  dos ing .  

Like phenanthrene  and BaP, DMBA t r a n s f o r m a t i o n  in  l i v e r  
t i s s u e  of f i s h e s  proceeds r a p i d l y .  In the p r e s e n t  s tudy 
between 78 and 98% of the DMBA burclen in l i v e r  t i s s u e  
was in the form of bieOH-extractable m a t e r i a l  from 24 to 
72 hr a f t e r  a d m i n i s t r a t i o n  of a s i n g l e  dose of DMBA. 
During the same time between 91 and 93% of the DMBA- 
der ived  r a d i o a c t i v i t y  in the g a l l  b ladder  was p r e s e n t  in 
the MeOH f r a c t i o n ,  Varanasi  e t  a l .  (1981) found t h a t  
w a t e r - s o l u b l e  m e t a b o l i t e s  of BaP comprised almost  98% of 
the BaP-.derived r a d i o a c t i v i t y  in l i v e r  t i s s u e  of Eng l i sh  
so le  24 hr a f t e r  dos ing ;  subsequent  s t u d i e s  by S t e i n  e_t 
a l .  (1984) determined t h a t  many of the BaP m e t a b o l i t e s  
in Eng l i sh  so le  l i v e r  and b i l e  are g l u c u r o n i d e  con ju -  
g a t e s .  Solbakken et a l .  (1980) showed t h a t  p o l l a c k  
exc re t ed  phenanthrene  in b i l e  and in u r i n e  as e i t h e r  
pa ren t  compound or as g l u c u r o n i d e  and s u l f a t e  con juga t e s  
of hydroxy- and d i h y d r o d i o l - p h e n a n t h r e n e  d e r i v a t i v e s .  
S tud ie s  are c u r r e n t l y  underway in  t h i s  l a b o r a t o r y  to 
de termine  the e x t e n t  and na tu re  of g l u c u r o n i d e  and 
s u l f a t e  c o n j u g a t i o n  of DMBA m e t a b o l i t e s  in  rainbow 
t r o u t .  

L i k e  o t h e r  m u l t i - r i n g  PAH c o m p o u n d s ,  DMBA was  a s s i m i -  
l a t e d  from the gut of rainbow t r o u t  and t r a n s p o r t e d  to 
t i s s u e s  r a p i d l y ,  with the m a j o r i t y  of the body burden 
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r e t a i n e d  in ,  or t r an spo r t ed  to,  the h e p a t o b i l i a r y  
system. These r e s u l t s  are c o n s i s t e n t  with the concept 
tha t  l i v e r  metabolism, t r a n s p o r t  of parent  compound and 
conjugated me tabo l i t e s  to the ga l l  b ladder ,  and excre-  
t i o n  to the i n t e s t i n e ,  is the primary route for PAH 
e l i m i n a t i o n  in f i shes  (Solbakken et a l .  1980; S te in  et 
a l .  1984). The i d e n t i f i c a t i o n  of the DMBA metabo l i t e s  
formed in t r o u t  l i v e r  has not been completed; however, 
s t ud i e s  of BaP metabolism with t r ou t  and other f i shes  
suggest tha t  r e a c t i v e  me tabo l i t e s  capable of b ind ing  to 
t r o u t  l i v e r  DNA may be produced (Omur and Varanasi 
1982). 
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