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As b i o t r a n s f o r m a t i o n  of  xenob io t i c s  to more  po la r  and  r ead i l y  el imi- 
n a t e d  p r o d u c t s  u s u a l l y  s e r v e s  as de tox i f i ca t ion  p r o c e s s ,  the  h igh  
p e r s i s t e n c e  a n d / o r  tox ic i ty  of  some chemica l s  in f i sh  has  been  
r e l a t ed  to i n s u f f i c i e n t  metabo l ic  r a t e  in t h e s e  animal  s p e c i e s  
(Glickman e t  al. 1982; B inde r  e t  al. 1984; Coats  e t  al. 1989). Fish 
l a r v a e  g e n e r a l l y  h a v e  been  r e p o r t e d  to be  more  s e n s i t i v e  t h a n  
a d u l t s  to p o l l u t a n t  tox ic i ty  (McKim 1977). The c a p a b i l i t y  of  t h e s e  
s t a g e s  to me tabo l i ze  f o r e i g n  c o m p o u n d s  may p lay  an i m p o r t a n t  role  
in d e t e r m i n i n g  t h e i r  t o l e r a n c e  to e n v i r o n m e n t a l  c o n t a m i n a n t s .  
However ,  few s t u d i e s  h a v e  been  p u b l i s h e d  on t h e  metabo l i sm of 
xenob io t i c s  in e a r l y  life s t a g e s  of  f i sh .  

Within the  g r o u p  of  p e s t i c i d e s ,  p e n t a c h l o r o p h e n o l  is a wide ly  u s e d  
f u n g i c i d e  and  h e r b i c i d e  which  has  b e e n  i n c r e a s i n g l y  f o u n d  as  an 
e n v i r o n m e n t a l  con t aminan t .  I t  is h i gh l y  toxic to a r a n g e  of  a q u a t i c  
o r g a n i s m s  ( S p e h a r  e t  al. 1985), r e f r a c t o r y  to d e g r a d a t i o n ,  and  eas i ly  
c o n c e n t r a t e d  in f i sh  (Gluth e t  al. 1985; K o b a y a s h i  1979; S teh ly  a n d  
Hayton  1989). Aniline is wide ly  u s e d  in t he  dye ,  r u b b e r ,  p h a r m a -  
ceut ica l ,  a g r i c u l t u r a l  and  t a n n i n g  i n d u s t r i e s ,  and  is i n t r o d u c e d  in to  
the  a q u a t i c  e n v i r o n m e n t  d i r e c t l y  t h r o u g h  i n d u s t r i a l  d i s c h a r g e .  
Al though  it is m o d e r a t e l y  toxic to r a inbow t r o u t ,  an i l ine  may be  
metabo l ized  to yield r e a c t i v e  me tabo l i t e s  s u c h  as  N - h y d r o x y a r y l a m i -  
nes  (Dady e t  al. 1991). 

The  p r e s e n t  i n v e s t i g a t i o n  examined  the  in  v i v o  metabol i sm of 
an i l ine  and  p e n t a c h l o r o p h e n o l  in a r c t i c  c h a r t  ( S a l v e l i n u s  a l p i n u s )  
l a r v a e  e x p o s e d  to c o n t a m i n a t e d  wa te r .  Metabol i tes  f rom oxidat ion ,  
a c e t y l a t i o n  and  c o n j u g a t i o n  p a t h w a y s  w e r e  i den t i f i ed  and  q u a n t i t a t e d  
a f t e r  a 4 8 - h r  s t a t i c  e x p o s u r e  pe r iod .  

MATERIELS AND METHODS 

Uni formly  r i ng  labe led  0 4 C ] - p e n t a c h l o r o p h e n o l  (PCP, 215 MBq/mmol, 
Sigma chimie,  Sain t  Quent in  Fa l l av ie r ,  F r a n c e )  a n d  [14C]-aniline 
h y d r o c h l o r i d e  (2.3 GBq/mmol,  Sigma) wi th  a r a d i o p u r i t y  g r e a t e r  t h a n  
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T h r o u g h o u t  t he  s t a t i c  e x p o s u r e  p e r i o d  (48 hr )  w a t e r  t e m p e r a t u r e  was 
held  c o n s t a n t  a t  6~ + 0.5~ A f t e r  e x p o s u r e ,  t h e  l a r v a e  were  
r emoved  from t h e  medium, k i l led;  f r o z e n  a t  -20~ and  s t o r e d  a t  t h i s  
t e m p e r a t u r e  a p p r o x i m a t l y  1 mon at  t h i s  t e m p e r a t u r e  u n t i l  r a d i o a c -  
t i v i t y  m e a s u r e m e n t .  

PCP and  m e t a b o l i t e s  were  i s o l a t e d  f rom the  medium b y  l y o p h i l i z a -  
t ion of  the  w a t e r  and  s u b s e q u e n t  s o l u b i l i z a t i o n  of  r e s i d u e s  in 
methanol .  This  t e c h n i q u e  r e s u l t e d  in r e c o v e r i e s  of  a b o u t  95 % as 
e s t i m a t e d  by  r a d i o a c t i v i t y  m e a s u r e m e n t s  in s a m p l e s  t a k e n  b e f o r e  and  
a f t e r  f r e e z e - d r y i n g .  

PCP and an i l i ne  m e t a b o l i t e s  we re  i d e n t i f i e d  by  HPLC a n d  TLC and  
q u a n t i f i e d  u s i n g  14C a c t i v i t y  m o n i t o r i n g .  P e a k s  which  could  not  be 
i d e n t i f i e d  by  c o - c h r o m a t o g r a p h y  u s i n g  r e f e r e n c e  s u b s t a n c e s  were  
s u b j e c t e d  to enzymic  c l e a v a g e  and  i d e n t i f i e d  by  c o - c h r o m a t o g r a p h y  
of  the  l a b e l e d  po r t i on .  I n c u b a t i o n s  with B - g l u c u r o n i d a s e  and  s u l p h a -  
t a s e  were  done  as  i n d i c a t e d  by  t h e  s u p p l i e r  e x c e p t  t h a t  20 gL 10% 
D - s a c c h a r i c  a c i d - l , 4 - 1 a c t o n e  was a d d e d  d u r i n g  i n c u b a t i o n  with 
s u l f a t a s e  to i n h i b i t  p o s s i b l e  B - g l u c u r o n i d a s e  a c t i v i t y .  

RESULTS AND DISCUSSION 

No m o r t a l i t y  o c c u r r e d  d u r i n g  the  e x p e r i m e n t  in bo th  PCP and  an i l i ne  
exposed  l a r v a e .  Based  on b r e a t h i n g  and  swimming a c t i v i t y  o b s e r v a -  
t ion,  n e i t h e r  t h e  c o n f i n e m e n t  nor  t he  p r e s e n c e  of  p o l l u t a n t s  seemed  
to s t r e s s  the  l a r v a e .  The o x y g e n  c o n t e n t  in w a t e r  m e a s u r e d  in 
e x p o s u r e  t u b e s  d u r i n g  the  s t u d y  (co. 5 ppm) was m a r k e d l y  a b o v e  t h e  
LC50 o b t a i n e d  at  60C for  a r c t i c  c h a r r  e l e u t h e r o e m b r y o s  (0.5 ppm, 
C. Gillet personal communication). However ,  in c o m p a r i s o n  with f ie ld  
c o n d i t i o n s ,  it  c a n n o t  be e x c l u d e d  t h a t  o u r  e x p e r i m e n t a l  c o n d i t i o n s  
could  a f f e c t  t he  metabol i sm of  t he  x e n o b i o t i c s  t e s t e d .  

At the  end  of t he  4 8 - h r  e x p o s u r e  to an i l ine ,  12.9% of t he  r a d i o a c t i -  
v i t y  was p r e s e n t  in t he  l a r v a e  and  66.1% was d i s s o l v e d  in w a t e r  
(Table  1). The r e m a i n i n g  21% was u n a c c o u n t e d  for .  S ince  on ly  77% of 
the  r a d i o a c t i v i t y  a d d e d  to t he  b l a n k  t u b e  was f o u n d  a f t e r  48 h r  
( d a t a  not  shown)  and  no 14C was a b s o r b e d  to wal ls ,  i t  may be 
p r e s u m e d  tha t  t h i s  loss  could  be due  to a p a r t i a l  v o l a t i l i z a t i o n  of 
an i l ine .  For  PCP, t h e  ma jo r  p a r t  of  t he  r a d i o a c t i v i t y  was c o n c e n t r a -  
t ed  in to  the  f r y  and  no loss  of  r a d i o a c t i v i t y  was o b s e r v e d  (Table  1). 

Table  1. D i s t r i b u t i o n  of  r a d i o a c t i v i t y  a f t e r  4 8 - h r  e x p o s u r e  of  c h a r r  
l a r v a e  to [14C]-PCP and  [14C]-anil ine as  a p e r c e n t a g e  of dose .  [14C] 
a p p l i e d  to the  wa te r .  Values a r e  means  + SD from 4 e x p e r i m e n t s .  

Water  L a r v a e  Total  

PCP 18.3 + 9.4 78.6 _+ 12.0 96.9 + 11.6 

Ani l ine  66.1 _+ 8.3 12.9 + 4.0 79.0 _+ 5.8 
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98 % were  used  in th is  s t u d y .  Acetani l ide,  p -aminopheno l ,  B - g l u c u r o -  
n idase  from bov ine  l iver  t y p e  B- l ,  s u l f a t a s e  from A e r o b a c t e r  a e r o g e -  
n e s  t y p e  VI and  D - s a c c h a r i c  acid 1,4-1actone were  from Sigma. All 
so lven t s  were  of  ana ly t i ca l  g r a d e  of  HPLC g rade .  

Aliquots  of wa te r  were  c o u n t e d  in a P a c k a r d  T r i ca rb  4430 l iquid 
scint i l la t ion c o u n t e r  (Packa rd  I n s t r u m e n t s ,  Downers  Grove,  Illinois) 
by  u s i n g  P a c k a r d  Ultima Gold sc int i l la t ion cocktai l .  Whole body  total  
r ad ioac t i v i t y  was measu red  a f t e r  combus t ion  of  each  l a rva  in a 
P a c k a r d  oxid izer  model 306. 

HPLC a n a l y s e s  were  ca r r i ed  ou t  on a 250 mm x 4.6 mm I.D. ODS2, 
5-~tm column (SFCC, E r a g n y ,  F rance ) .  The HPLC s y s t e m  was compo-  
sed of the  fol lowing S p e c t r a p h y s i c s  Analyt ica l  (San ta  Clara, Cal i for-  
nia) equ ipment :  model P 4000 g r a d i e n t  pump, model 1000 UV 
d e t e c t o r  se t  at  280 nm and a Chromje t  i n t e g r a t o r .  F r ac t i ons  (0.SmL) 
were  col lected in d i sposab le  3-mL scint i l la t ion c o u n t i n g  t u b e s  with a 
microcol lec tor  (model 202 Gilson, Middleton, Wisconsin).  Af ter  
addi t ion  of 2.2 mL of the  f luor  mixture  (Quicksz in t  flow 202, Zinsser  
analy t ic ,  F r a n k f u r t ,  Germany) ,  each f rac t ion  was c o u n t e d  in the  
scint i l la t ion s p e c t r o m e t e r .  

The metabol i tes  of  PCP were s e p a r a t e d  at ambient  t e m p e r a t u r e  at  a 
flow ra te  of 1 mL/min by  a s t ep  g r a d i e n t  e lut ion with 70 % 20 mM 
potass ium p h o s p h a t e  b u f f e r  (pH 5.5) and 30 % ace ton i t r i l e  fo r  20 
min, then  30% 20 mM potass ium p h o s p h a t e  b u f f e r  (pH 5.5) and 70% 
ace ton i t r i l e  fo r  15 min. HPLC s e p a r a t i o n  of  anil ine metabol i tes  was 
pe r fo rmed  u s i n g  m e t h a n o l - w a t e r  b u f f e r e d  with 0.26 M amonium 
ace ta te  and  0.02 M nickel  ace t a t e  as d e s c r i b e d  by  S t e r n s o n  and 
Dewitte (1977). 

TLC was ca r r i ed  ou t  with pla tes  coa ted  with 0.2-mm thin l aye r s  of  
sil ica gel F 254 from Merck (Darmstadt ,  Germany) .  The so lven t  
sy s t ems  were  those  d e s c r i b e d  by  Kasokat  e t  aL (1987) for  PCP and  
by  S t e r n s o n  and  Dewitte (1977) for  aniline. Radioac t iv i ty  was 
de t ec t ed  u s ing  a Ber tho ld  LB 2760 TLC s c a n n e r  (Wilbad, Germany) .  

The a r c t i c  c h a r r  l a rvae  were  ob t a ined  from the  I n s t i t u t  National de 
la Reche rche  Agronomique  exper imenta l  p i s c i c u l t u r e  at  T h o n o n - l e s  
Bains (France)  and  o r i g i n a t e  f rom Lake Geneva  s t ra in .  The l a rvae  
were  exposed  to labeled compounds  as follows : 80 c h a r r  e l e u t h e -  
r o e m b r y o s  (end of  yolk  sac r e s o r p t i o n ,  50-100 rag) were  randomly  
d iv ided  into 8 g r o u p s  of 10 f ish.  These  g r o u p s  were  p laced in 50-mL 
d i sposab le  t u b e s  con ta in ing  20 mL wate r  ob ta ined  d i r ec t l y  from lake 
Geneva.  The wa te r  t e m p e r a t u r e  was mainta ined  at  6"C t 0.5"C, 
h a r d n e s s  a v e r a g e d  150 mg/L  as CaCO3 and pH was 7.9. Dissolved 
oxygen  c o n c e n t r a t i o n  was ca. 5 ppm and  remained s t ab le  d u r i n g  the  
exper iment .  [14C]-PCP (0.5 ~tg, 0.41 KBq) was a d d e d  to f o u r  of  the  
e igh t  t u b e s  in 10 ~tL ethanol .  As a blank,  the  same dose  was added  
to a t u b e  con ta in ing  20 mL wa te r  and  no la rva .  [14C]-aniline 
h y d r o c h l o r i d e  (2~tg, 35.6 KBq) was a d d e d  in the  f o u r  remain ing  t u b e s  
in 10 IlL e thanol .  The same dose  was a d d e d  to a t u b e  con ta in ing  
only  20 mL water .  
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Two days  a f t e r  exposure ,  p a r e n t  compound  a c c o u n t e d  for  less than  
15% of the  total  14C found  in wate r  fo r  aniline (Table 2), i nd ica t ing  
an ex tens ive  metabolism of the  chemical. In the  ease of  PCP, c a  
19% of the ~aC d isso lved  in wate r  was as soc ia ted  with the  p a r e n t  
compound.  However,  because  the  low p e r c e n t a g e  of r ad ioac t i v i t y  
p r e s e n t  in wate r  (Table 1), exc re t ed  metabol i tes  c o r r e s p o n d e d  to 
only  13.7% of the  admin i s t e red  r ad ioac t iv i t y  (in compar i son  with 
51.9% for  anil ine).  

The HPLC prof i les  ob ta ined  from PCP e x p o s u r e  r e s u l t e d  in t h r e e  
s e p a r a t e d  peaks .  Af ter  B - g l u c u r o n i d a s e  incuba t ion  of the  c o n c e n t r a -  
ted medium and s u b s e q u e n t  HPLC ana lys i s ,  the more polar  compound 
(RT 4.5 rain.) complete ly  d i s a p p e a r e d  y ie ld ing  a c o r r e s p o n d i n g  
inc rease  of f r ee  PCP. This f ind ing  s u g g e s t s  t ha t  the  more polar  
compound c o r r e s p o n d s  to the g l u c u r o n i d e  c o n j u g a t e  of PCP. 
Hydro lys i s  with su l f a t a se  complete ly  removed the  major  peak (RT 
15.5) which was c o n v e r t e d  into f ree  PCP, ind ica t ing  the  p r e s e n c e  of 
PeP- su l f a t e .  The g l u c u r o n i d e  and su l fa te  c o n j u g a t e s  compr i sed  24.2 
and 49.4%, r e s p e c t i v e l y  of the  14C excre ted  in water .  
Dur ing  anil ine t r ea tmen t ,  76.4% of the total  14C at 48hr  cons i s t ed  of 
the  N-ace ty l  metaboli te  while a minor polar  metaboli te  was ident i f ied  
as 4-aminophenol  by  c o - c h r o m a t o g r a p h y  with a u t h e n t i c  s t a n d a r d .  
For aniline as for  PCP exper iments ,  no t r a c e  of  d e g r a d a t i o n  
p r o d u c t s  was found  in b lank a s s a y s  and no mor ta l i ty  was o b s e r v e d  
among exposed larvae .  

Table 2. Metabolites exc re ted  in wate r  d u r i n g  4 8 - h r  e x p o s u r e  of f i sh  
to [14C]-PCP (A) and [14el-aniline (B). 

Metabolite RF RT % of 14C found  
(rain) in wa te r  a 

P C P - g l u c u r o n i d e  0.42 4.5 24.2 • 5.5 
PCp-su l f a t e  0.81 15.5 49.4 • 11.6 
p a r e n t  compound  0.86 29.5 18.3 • 5.6 

Total 91.9 _+ 9.1 

p -aminopheno l  0.65 5.5 2.1 i 0.4 
B ace tani l ide  0.90 31.0 76.4 _+ 7.0 

p a r e n t  compound  0.83 16.0 13.8 • 2.6 

Total 92.3 + 5.7 

a Values a re  means + SD from 4 exper iments .  

The fate  of PCP has been s tud i ed  i n  v i v o  in s eve ra l  f ish spec ies  
(Glickman e t  aL  1976; Stehly  and Hayton 1989; Gates and  T jee rdema 
1993). The b ioconcen t r a t i on  f a c t o r  for  ra inbow t r o u t  was found  to 
r a n g e  be tween 193 and 460 (McKim e t  aL 1986; S tehly  and Hayton 
1989). Al though the  amount  of  14C in l a rvae  canno t  be t aken  as t r u e  
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t r u e  s t e a d y - s t a t e  t i s sue  c o n c e n t r a t i o n ,  ou r  r e s u l t s  a re  in good 
a g r e e m e n t  with t h o s e  o b s e r v e d  in adu l t s  sa lmonids  and  s u g g e s t  t ha t  
b i o c o n c e n t r a t i o n  is limited by  metabolism. 

PCP g l u c u r o n i d e  and  su l f a t e  c o n j u g a t e s  were  d e t e c t e d  as exc re t ed  
metabol i tes  in add i t ion  to u n c h a n g e d  p a r e n t  compound  in d i f f e r e n t  
f i sh  spec ies  (Kobayashi  1979; Kasokat  e t  aL 1987; S teh ly  and  Hayton 
1989). In add i t ion  to t he se  c o n j u g a t e s ,  Gates and  T jeede rma  (1993) 
d e m o n s t r a t e d  the  p r e s e n c e  of  t e t r a c h l o r o - p - h y d r o q u i n o n e  as a minor 
metaboli te  of  PCP in the  s t r i p e d  bass .  In the  p r e s e n t  s t u d y  we 
confi rm the  format ion  of p e n t a c h l o r o p h e n y l - g l u c u r o n i d e  and  p e n t a c -  
h l o r o p h e n y l - s u l f a t e  in c h a r r  l a rvae  exposed  to PCP, b u t  no t r a c e  of 
ch lo r ina ted  h y d r o q u i n o n e  was de t ec t ed .  Moreover ,  f u r t h e r  s t ud i e s  a re  
n e c e s s a r y  to examine the  i d e n t i t y  of  r ad ioac t ive  compound  re ta ined  
in the  larvae .  

The main metabolic  pa thway  of  anil ine in l a rvae  was N-ace ty la t ion  
s ince  a f t e r  48hr  e x p o s u r e  more t h a n  75% of the  tota l  r ad ioac t iv i t y  in 
wate r  was found  as acetani l ide .  In addi t ion  to this  major  compound,  
a minor metabol i te  was iden t i f i ed  as  4-aminophenol .  Al though  t h e r e  
is limited informat ion  on the  metabolism of anil ine in f ish,  B r a d b u r y  
e t  al. (1993) d e m o n s t r a t e d  tha t  N-ace ty la t ion  was an impor tan t  b io-  
t r a n s f o r m a t i o n  rou t e  for  this  p r i m a r y  aromat ic  amine in medaka  
whe r ea s  no indica t ion  of r ing  h y d r o x y l a t i o n  was p r e v i o u s l y  o b s e r v e d  
in v ivo  in f ish.  N-Hydroxylamine ,  a metaboli te  f rom ani l ine formed 
in t r o u t  hepa t i c  microsomal i ncuba t ion  (Dady e t  al., 1991) was not 
de t ec t ed  in o u r  s t u d y .  

In addi t ion ,  to d e m o n s t r a t i n g  t h a t  Sa lve l i nus  a lp inus  l a rvae  may be a 
use fu l  model fo r  in v i vo  xenobio t ic  b i o t r a n s f o r m a t i o n  s tud ies ,  ou r  
r e su l t s  p r o v i d e  ev idence  tha t  sa lmonids  a re  able to b i o t r a n s f o r m  
chemicals  d u r i n g  ea r ly  life s t a g e s  by  s eve ra l  metabolic  r eac t ions  such  
as hyd roxy l a t i on ,  N-ace ty la t ion ,  g l u c u r o n i d a t i o n  and sul fa t ion.  These  
b i o t r a n s f o r m a t i o n s  involve  v a r i o u s  enzyme s y s t e m s  inc lud ing  c y t o -  
chrome P450 d e p e n d e n t  monooxygenase s  which had been pa r t l y  
c h a r a c t e r i z e d  in v i t ro  in salmonid l a rvae  (Binder  and Stegeman,  
1983). 
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