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Polych lo r ina ted  b iphenyl  (P C B )-c o n tam in a ted  fish 
induces  v i tam in  A  a n d  thyro id  h o r m o n e  deficiency 

in the  c o m m o n  seal ( Phoca vitulina)

A. B r o u w e r 1, P . J .H.  Rc i jndcr s2 and  J .H .  K o e m a n 1
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( R e c e iv e d  10 M a r c h  1989: rev is ion  rece ived  IO Ap ri l  1989; a c c ep te d  5 M a y  1989)

In this s tu d y  th e  effect o f  p o ly c h lo r in a te d  b ip h en y l  ( P C B )- c o n t a m i n a t c d  lisli o n  p lasm a retinol  (v itamin  

A )  a n d  th yro id  h o r m o n e  c o n c e n tr a t io n s ,  i .e.  s e n s i t iv e  ind ic a to r s  o f  P C B - in to .x ic a l io n .  w e r e  invest iga te d  

in th e  c o m m o n  seal Phoca vitulina. S e a l s  l ed  l ish f ro m  th e  W a d d e n  S e a  (h ig h -l eve l  P C B  c o n t a m i n a t io n )  

had s ig n if ic a n t ly  l o w e r  c o n c e n tr a t io n s  o f  p la s m a  retinol,  tota l  ( T T 4 )  a n d  free th y ro x in  ( E T 4 )  a n d  triio-  

d o l h y r o n i n  ( T T 3 )  a s  c o m p a r e d  l o  se a ls  fed fish f ro m  the n or th -e as t  A t la n t i c  ( lo w - lev e l  P C B  c o n t a m i n a ­

t io n ) .  T h e  P C B - in d u c e d  r e d u c t io n  in p la s m a  re tinol  l eve ls  d i s a p p e a r ed  w h e n  se a ls  o n  a W a d d e n  S e a  lish 

d ie t  w ere  s u b s e q u e n t ly  fed A t la n t i c  O c e a n  fish.  It is  s u g g e s te d  tha t reduced  p la sm a  retinol  a n d  thy roid  

h o r m o n e  leve l s ,  w h ic h  m a y  result in a n  increased  su sc ep t ib i l i ty  t o  m ic r o b ia l  in fe c t io n s ,  r ep rod u ctive  d i s ­

or d e r s  and  o t h e r  p a t h o lo g ic a l  a l te r a t io n s ,  arc cr it ical ly  in v o lv e d  in t h e  recent ly  repo rted rep r o d u c t iv e  d i s ­

or d e r s  a n d  the letha l viral in fe c t io n s  in se a ls  a n d  o t h e r  m a r in e  m a m m a l  p o p u la t io n s  in th e  Ba lt ic.  North  

S e a  and  W a d d e n  Sea.

K e y w o r d s :  P o ly c h lo r in a ted  b ip h e n y l ;  Seal ;  V i ta m in  A ;  T h y ro id  h o r m o n e ;  Pl asma

I N T R O D U C T I O N

E n v i r o n m e n t a l  p o l l u t a n t s ,  s u c h  a s  th e  p e r s i s t e n t  p o l y c h l o r in a t e d  b ip h e n y l s  (P C B s )  
h a v e  b e e n  im p l i c a t e d  a s  p o s s ib le  c a u s a t i v e  a g e n t s  o f  th e  d r a s t i c  r e d u c t io n  in th e  c o m ­
m o n  se a l  C haca  v itu lin a  p o p u l a t i o n  in  t h e  D u t c h  p a r t  o f  t h e  W a d d e n  S ea  ( R c i jn d c r s ,  
1980; R c i jn d c r s ,  1981). F ish  f r o m  th e  W a d d e n  S e a  c o n t a m i n a t e d  w i th  P C B s ,  m a in ly  
a s a  re su l t  o f  P C B  p o l l u t i o n  f ro m  th e  r iv e r  R h i n e  ( K o e m a n  et a l . ,  1969; D u i n k c r a n d  
H i l l e b r a n d ,  1979; D u i n k c r c l  al . ,  1 9 8 2 a ,b ,  1984),  w e re  r e p o r t e d  to  c a u s e  r e p ro d u c t iv e  
f a i lu re  in c o m m o n  se a ls  (R c i jn d c r s ,  1986).

S tu d i e s  o n  th e  m e c h a n i s m  o f  P C B - i n d u c e d  to x ic i ty  in  e x p e r im e n ta l  a n i m a l s  h ave

C orrespondence to:  Dr .  A .  B r o u w e r .  D e p a r t m e n t  o f  T o x i c o l o g y .  A g r ic u lt u r a l  U n iv e r s i t y ,  B io t cc h n io n .  D o ­

rn e n w e g  2.  6 7 0 3  I I D  W a g c n i n g e n ,  T h e  N e t h e r la n d s .
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in d ic a te d  a n  i m p o r t a n t  r o le  o f  v i t a m in  A a n d  t h y r o id  h o r m o n e s  ( B r o u w e r  a n d  V a n  

d e n  Berg ,  1986:  B r o u w e r  cl a h ,  1986). E x p o s u r e  o f  r a t s  a n d  m ic e  to  c i t h e r  c o m m e r c i a l  
m ix tu r e s  o f  P C B s ,  o r  to  s in g le ,  tox ic  P C B - c o n g c n c r s  r e su l t e d  in d r a s t i c  r e d u c t i o n s  

o f  p l a s m a  r e t in o l  a n d  th y r o x in  c o n c e n t r a t i o n s  ( B r o u w e r  e t  a l . ,  1985; B r o u w e r ,  1987, 
1989). T h e  in t a n d e m  r e d u c t i o n  o f  p l a s m a  r e t in o l  a n d  th y r o x in  levels a p p e a r e d  to  
be  a c o n s e q u e n c e  o f  in te r fe r e n c e  o l ' a  P C B - m c t a b o l i t c  w i th  th e  p l a s m a  t r a n s p o r t  p r o ­
tein c o m p le x  l o r  b o t h  l ig a n d s  ( B r o u w e r  a n d  V a n  d e n  B e rg ,  1986; B r o u w e r  c t  a í . ,
14X8). A r e d u c e d  p l a s m a  re t in o l  c o n c e n t r a t i o n  is in d i c a t iv e  fo r  t h e  d e v e l o p m e n t  o f  
a v i t a m in  A d e f ic iency ,  w h ic h  m a y  resu l t  in a n  i n c re a s e d  su s c e p t ib i l i ty  to  viral  in fec ­
t io n s  ( H o f  a n d  W ir s in g ,  1979; N a u s s  c t  al . ,  1979; S h c n a i  ct a h ,  1985), r e p r o d u c t i v e  
d i s o r d e r s  ( T h o m p s o n  et a h ,  1964; M o o r e ,  1967) a n d  o t h e r  p a t h o l o g i c a l  a l t e r a t i o n s .

In th is  s t u d y ,  the  p o s s ib le  i m p a c t  o f f i s h  c o n t a i n i n g  d i f f e r e n t  levels o f  P C B s  o n  v i t a ­

m in  A a n d  th y r o id  h o r m o n e  c o n c e n t r a t i o n s  o f  c o m m o n  se a l  p o p u l a t i o n s  w a s  in v e s t i ­
g a t e d  in p l a s m a  s a m p le s  f ro m  a p r e v io u s ly  r e p o r t e d  s t u d y ,  d e s ig n e d  to  i n v e s t ig a te  
r e p r o d u c t i v e  c l fcc ls  o f  p o l l u t a n t s  ( R c i j n d c r s ,  1986).

M A  I I R I A L S  A N I )  M L T I I O D S

A  n im a i tre a tm e n t

T w o  g r o u p s  o f  12 f e m a le  c o m m o n  seals  P h o ca  v itu lin a  w e re  fed  a  d i c i  c o n t a i n i n g  
d i f fe ren t  levels o f  p o l l u t a n t s  f o r  a l m o s t  2 yr .  G r o u p  1 w a s  fed fish ( p r e d o m i n a n t l y  

p la ice ,  f l o u n d e r  a n d  d a b )  f ro m  th e  w e s te rn  p a r t  o f  the  W a d d e n  S ea .  G r o u p  2 rece ived  
fish ( m a in ly  m a c k e r e l )  f ro m  the  n o r t h - e a s t  A t l a n t i c .  T h e  fish w e re  c a u g h t  in f o u r  lo ts  
m  th e  s a m e  s e a s o n  a n d  e x a c t ly  t h e  s a m e  lo c a t io n ,  r a n d o m i z e d  b y  c o m p l e t e  m ix in g  
a n d  s t o r e d  a t  - 2 8 '  C  ( fo r  d e ta i l e d  i n f o r m a t i o n ,  sec  R c i jn d c r s ,  1986).  T h e  d i e t a r y  in­
t a k e  w a s  c o m p a r a b l e  w i th  r e s p e c t  to  n u t r i t i o n a l  q u a l i t y  fo r  b o t h  g r o u p s  o f  seals .

R e s id u e  a n a ly s i s  f o r  a ld r in ,  d i c ld r in ,  e n d r i n ,  h c p l a c h l o r ,  h c p o x ,  a ,  //, y - h c x a c h lo r o -  
cy c lo h e x a t ic .  p e n t a c h l o r o b c n z e n c ,  h c x a c h l o r o b e n z e n e ,  / ? , / / - d i c h lo r o d ip h e n y l - d ic h lo -  

r o e th y le n c  ( D D E ) ,  n / f - d i c h l o r o d i p h e n y l d i c h l o r o e l h a n c ,  / ; / / - d i c h l o r o d i p h c n y l - d i -  
c h l o r o c l h a n c  a n d  P C B s  ( i s o m e r  specif ic)  s h o w e d  s ta t i s t i c a l ly  s ig n i f i c a n t  d i f fe ren ces  
b e tw e e n  th e  tw o  d ie t s  f o r  P C B s  a n d  />//-D D E .  A  d e t a i l e d  r e p o r t  o n  r e s id u e  a n a ly s i s  
ol the  fish d ie ts  h a s  a l r e a d y  b e e n  r e p o r t e d  e a r l i e r  ( B o o n  e t  a h ,  1987).  T h e  a v e r a g e  
d a i ly  i n t a k e  w a s  e s t im a te d  to  be  1.5 m g  o f  P C B s  a n d  0 .4  m g  / ; / / - D D E  in  th e  h ig h  

c o n t a m i n a t e d  d ie t  a n d  0 .22  m g  o f  P C B s  a n d  0 .13  m g  o f  / ) / / - D D E  in t h e  lo w  c o n t a ­
m in a te d  d ie t .

T h e  se a ls  w e re  a l l o w e d  to  m a t e  d u r i n g  th is  t i m e -p e r io d  b y  a l t e r n a t i n g  th r e e  m a le s  
b e tw e e n  b o th  g r o u p s .  T w o  t im c - p o i n t s  w e re  se lec ted  d u r i n g  th e  p r e g n a n c y  p e r io d ,  
J u n e  'S3 a n d  S e p t e m b e r  '83 ,  f o r  b lo o d  s a m p l i n g  a n d  fo r  d e t e r m i n a t i o n  o f  th e  r e p r o ­
d u c t io n  success .  T h e  n u m b e r  o f  p r e g n a n t  a n d  n o n - p r e g n a n t  se a ls  w e re  r e c o r d e d  a n d  
h a v e  b een  r e p o r t e d  u p o n  e a r l i e r  ( R c i jn d c r s ,  1986). A l  t h e  e n d  o f  th e  2 -y r  d i e t a r y  e x ­
p o s u re  p e r io d ,  th e  g r o u p  I sea ls  ( h ig h  level  o f  e x p o s u r e )  w e re  s u b s e q u e n t l y  fed  fish 

f ro m  the  A t l a n t i c  O c e a n  fo r  h a l f  a y e a r  b e f o re  b e in g  re le a se d  i n to  t h e  e n v i r o n m e n t .

1 0 1

D u r i n g  th is  p e r io d  a n  a d d i t i o n a l  t im c -p o in l  f o r  b l o o d  s a m p l i n g  w a s  c h o s e n  ( S e p ­

t e m b e r  '86) .  B lo o d  w a s  s t o r e d  a s  p l a s m a  a t  — 20  'C  u n t i l  a n a ly s i s .

A n a ly s is  o f  p la sm a  re tin o l  c o n c e n tra tio n s
P la s m a  re t in o l  c o n c e n t r a t i o n s  w e re  d e t e r m i n e d  b y  a  r e v e r se d  p h a s e  (C’ik) h ig h  p e r ­

f o r m a n c e  l iq u id  c h r o m a t o g r a p h y  ( H P L C )  m e t h o d  a s  r e p o r t e d  e a r l i e r  ( B r o u w e r  cl a h .  
1985). Briefly , r e t in o l  w a s  e x t r a c t e d  ( o v e rn ig h t  a t  — 2 0 " C )  f ro m  100-/4 a l i q u o t s  o f  
p l a s m a  b y  a 300- /4  m ix t u r e  o f  m e t h a n o l  a n d  d i i s o p r o p y l  e t h e r  (1:2).  T h e  d i i s o p r o p y l  
e t h e r  e x t r a c t s  w e re  c o l le c te d  a n d  in je c te d  (10 //I) o n  a si l ica-C'm h ig h - s p e e d  c o l u m n  
(3 c m ,  3 / /m  b e a d s ,  P e rk in  E lm e r ) .  R e t in o l  w a s  d e t e c t e d  b y  a U V - d e l c c t o r  (G i l so n  
M o d e l  1 16) se t  a t  326  n m ,  wdiilc d a t a  m a n i p u l a t i o n  w a s  p e r f o r m e d  b y  a n  i n t e g r a t o r  
( G i l s o n  d a t a  m a s t e r  m o d e l  620). R c l in y l  a c e t a t e  w a s  use d  a s  a n  i n t e r n a l  s t a n d a r d  

fo r  r e c o v e ry  d e t e r m i n a t i o n s .

R a d io im m u n o c h e m ic a l a n a ly s is  o f  p la sm a  th y r o id  h o rm o n e  c o n c e n tra tio n s
P la s m a  to ta l  a n d  free  t h y r o x in  ( T T 4  a n d  F T 4 )  a n d  t r i i o d o t h y r o n i n  ( T T 3 )  w e r e  d e ­

t e r m in e d  by  s t a n d a r d  r a d i o i m m u n o c h c m ic a i  m e t h o d s  ( A m c r l c x - M ,  A m e r s h a m .  

U K ) .

S ta t is t ic s
T h e  s t a t i s t i c a l  tes t  u s e d  in th is  s t u d y  w a s  S t u d e n t ' s  t test  f o r  c o m p a r i s o n  o f  tw o  

p o p u l a t i o n s  o f  d a t a  w i th  u n e q u a l  s a m p le  sizes. D i f fe r e n c e s  b e tw e e n  the  tw o  p o p u l a ­
t i o n s  h a v i n g  a  P  v a lu e  o f  ^  0 .0 5  w e re  c o n s id e re d  lo  be  s ta t i s t i c a l l y  s ig n i f ic a n t  d if fe r ­

ences .

R H S U L T S

E x p o s u r e  o f  sea ls  to  fish f r o m  th e  W a d d e n  S e a  (h ig h  P C B  levels )  r e su l te d  in a  d r a s ­
t ic  r e d u c t io n  in p l a s m a  re t in o l  c o n c e n t r a t i o n s  (F ig .  1) a s  c o m p a r e d  lo  p l a s m a  re t ino l  

levels o f  se a ls  fed  lish f r o m  th e  A t l a n t i c  O c e a n  (low' P C B  levels).  T h i s  r e d u c t io n  in 

p l a s m a  r e t in o l  c o n c e n t r a t i o n s  w a s  o b s e r v e d  in b o t h  p r e g n a n t  a n d  n o n - p r e g n a n t  seals 
a t  t h e  tw o  t im c -p o in t s ,  J u n e  '8 3  a n d  S e p t e m b e r  '83 .  e .g .  55% a n d  30  40% r e d u c t io n ,  
r e sp ec t iv e ly .  T h e  r e d u c t io n  in p l a s m a  r e t in o l  c o n c e n t r a t i o n s  w a s  r e s to r e d  t o  n o r m a l  
levels w h e n  th e  se a ls  o n  a W a d d e n  S e a  fish d ie t  w e re  s u b s e q u e n t l y  fed th e  A t l a n t i c  
O c e a n  fish fo r  h a l f  a  y e a r  ( S e p t e m b e r  '86) .

S ig n i f i c a n t  r e d u c t i o n s  o f  p l a s m a  T T 4 ,  F T 4  a n d  T T 3  c o n c e n t r a t i o n s  (F ig .  2)  were  
a l s o  o b s e rv e d  a t  t h e  J u n e  '8 3  t im c -p o in t  in se a l s  fed  W a d d e n  S ea  fish a s  c o m p a r e d  
to  se a ls  o n  t h e  A t l a n t i c  O c e a n  fish d ie t .  T h e  T T 4  a n d  F T 4  c o n c e n t r a t i o n s  u 'c rc  h o w ­

e v e r  less r e d u c e d  t h a n  th e  p l a s m a  r e t in o l  c o n c e n t r a t i o n s ,  w h ic h  m a y  be  a  c o n s e ­
q u e n c e  o f  a c o m p e n s a t i o n  b y  th e  t h y r o id  g l a n d  ( in c re a s e d  h o r m o n e  s y n th e s i s )  to  re­
s t o r e  p l a s m a  T T 4  levels . P la s m a  T T 3  c o n c e n t r a t i o n s  w e re  s ig n i f ic a n t ly  r e d u c e d  by 
5 0 -6 0 %  a t  th e  f irs t  s a m p l i n g - t i m e  d u r i n g  p r e g n a n c y  ( J u n e  '8 3 )  o n ly  a n d  w a s  o f  the
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J u n e '83 S e p t ’83 S e p t '86
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I iu I. I: ( lee I o f  P C B - e o n l n m i n a l c d  Hsli o n  p la s m a  rc linol  c o n c e n tr a t io n s  o f  p r e g n a n t  (P )  a n d  n o n -p r e g -  

niinl ( N P )  c o m m o n  seals .  T h e  e x p e r im e n ta l  s e t u p  w a s  a s  descr ibed  in ‘M a te r ia l s  a n d  M e th o d s ' .  B lo o d  

" a s  w i t h d r a w n  fro m  the  seals  al  se vera l  t im c -p o i n t s  an d  retinol  c o n c e n tr a t io n s  w ere  d e ter m in ed  in 100-//I 

a l iq u o t s  o f  p lasm a b y  HIM.C  a c c o r d in g  lo  a p r e v io u s ly  p u b l i sh ed  m e t h o d  ( B r o u w e r  cl  a l . ,  1085).  Blan k  

c o lu m n s  represent se a ls  fed  l o w  leve l P C 'B -c o n ta m in a tc d  l ish f ro m  the A t l a n t i c ,  w h il e  h a tch ed  c o lu m n s  

represent  se a ls  led  high leve l PC 'B -co n ta m in a tcd  (ish f ro m  the D u t c h  W a d d e n  S e a .  T h e  d a l a  arc  exp ressed  

as  m ea n  I S I ) .  ’ S ig n if ica n t ly  di fferent from se a ls  fed A t la n t i c  l ish at th e  s a m e  t im e -p o in t  o f  an a ly s i s  

( / ’ - (1.05. S t u d e n t ' s  r test) .  N u m b e r s  in pa r e n th e se s  in d ic a te  the n u m b e r  o f  a n i m a l s  in caeli  g r o u p .

s o m e  m a g n i t u d e  os th e  p lo s m a  r e t in o l  r e d u c t i o n .  N o  a l t e r a t i o n s  in t h y r o id  h o r m o n e  
c o n c e n t r o t i o n s  w e re  o b s e r v e d  a t  th e  S e p t e m b e r  "83 t im e -p o in t .  T h e  r e d u c t i o n  in  T T 4  
levels c o m b i n e d  w i th  th e  m o r e  d r a s t i c  r e d u c t i o n  in p l a s m a  T T 3  c o n c e n t r a t i o n s  a rc  
i n d ic a t iv e  fo r  d e v e l o p m e n t  o f  a h y p o t h y r o i d i c  s t a t u s  in th e  se a ls  fed  (ish f ro m  th e  

W a d d e n  Sea .

D I S C U S S I O N

T h e  o b s e rv e d ,  in t o n d c m  r e d u c t io n  in p l a s m a  r e t in o l  a n d  T T 4  c o n c e n t r a t i o n s  in 
c o m m o n  se a ls  is m o s t  p r o b a b l y  c a u s e d  b y  P C B s  in th e  d ie ts .  S im i la r  r e d u c t i o n s  in 

p l a s m a  r e t in o l  a n d  t h y r o x in  c o n c e n t r a t i o n s  w e re  o b s e rv e d  in r a t s  fo l lo w in g  e x p o s u r e  
lo  3 . 4 . 3 ' . 4 ' - l e t r a e h lo r o b ip h c n y l  ( T C B ) .  a  m o d e l  tox ic  c o n g e n e r  o f  P C B s  ( B r o u w e r  
a n d  V a n  d e n  Berg .  1986; B r o u w e r  ct a l . .  1986).  A m o n o - h y d r o x y  P C B  m e t a b o l i t e  
w a s  fo u n d  th a t  b o u n d  w i th  h ig h  af f in i ty  to  th e  t h y r o x in - b i n d i n g  si te  o f  t r a n s th y r e t i n  
( T T R )  ( B r o u w e r .  1987). M o r e o v e r ,  t h e  c o m p le x  f o r m a t i o n  b e tw e e n  r c t m o l - b i n d i n g  

p r o t e in  ( R B P )  a n d  T T R ,  i.e. th e  p l a s m a  p r o t e i n  c o m p le x  r e s p o n s ib l e  f o r  t h e  t r a n s ­
p o r t a t i o n  o f  b o t h  re t in o l  a n d  t h y r o x in  t o  ta rg e t  o r g a n s ,  w a s  d r a s t i c a l l y  r e d u c e d  by  

the  T C B - m e t a b o l i t e  ( B r o u w e r  ct al . ,  1988). In th e  m e a n t i m e ,  s im i l a r  r e s u l t s  w e r e  o b ­
ta in e d  in r a t s  f o l lo w in g  e x p o s u r e  to  a c o m m e r c i a l  P C B - m i x t u r e ,  A r o c l o r  1254, e.g . 
o n e  o f  th e  m a j o r  e n v i r o n m e n t a l  p o l l u t a n t s  in th e  W a d d e n  S ea  ( B r o u w e r ,  1989).  T h e

1 0 3

2¿00
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Fig. 2.  F ffcct o f  P C B - c o n ta m in a te d  tisii o n  p la s m a  to ta l  th y r o x in  ( T T 4 ) .  free th y ro x in  ( F T 4 )  a n d  total  

t r i i o d o th y ro n in  ( T T 3 )  c o n c e n t r a t io n s  in p r egnant  (P)  a n d  n o n - p r e g n a n t  ( N P )  c o m m o n  seals .  Th e  e x p er i ­

m en ta l  s e t u p  a n d  b lo o d  w i th d r a w a l  t im e s  w ere  a s  d e sc r ib e d  in ‘M a te r ia l s  a n d  M e t h o d s -. T T 4 ,  F T 4  and  

T T 3  c o n c e n tr a t io n s  w ere  d e ter m in ed  b y  s ta n da r d  r a d i o im m u n o a s s a y s .  B la n k  c o l u m n s  represent  sea ls  fed 

l o w  level  P C B - c o n t a n i i n a lc d  l ish f ro m  the A t l a n t i c ,  w h i l e  h a tc h e d  c o l u m n s  represent sea ls  led  high level  

P C 'B -c o n ta m in a tc d  tisii f ro m  the D u tc h  W a d d e n  S e a .  D a t a  arc ex p r e sse d  as  m e a n  I S D .  ' Signi fi cantly  

di fferen t f ro m  sea ls  l ed  A t la n t i c  l ish at  the s a m e  t im e p o in l  o f  an a ly s i s  ( / ’ -10 .0 5 .  S t u d e n t ' s  I lest) .  N u m b e r s  

in pa r e n th e se s  in d ic a t e  the n u m b e r  o f  a n i m a l s  in e a c h  gro u p .

d a t a  o b t a i n e d  f r o m  th is  s t u d y  su g g e s t  t h a t  in se a ls  a  s im i la r  m e c h a n i s m  o f  i n te r fe r ­
e n c e  in v i t a m in  A a n d  th y r o id  h o r m o n e  m e t a b o l i s m  is o p e r a t iv e .

A r e d u c e d  c o n c e n t r a t i o n  o f  p l a s m a  r c l in o l  d i r e c t ly  in f lu e n c e s  t h e  d e l iv e ry  o f  r e t ino l  
t o  th e  t a r g e t  c p i th c l i a .  P e r s i s t e n t  r e d u c t i o n  o f  p l a s m a  r e t in o l  levels m a y  result  in the  
d e v e l o p m e n t  o f . a  v i t a m in  A  d e f ic ien cy ,  w i th  a c c o m p a n y i n g  s y m p t o m s ,  s u c h  a s  re-
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Ui ri led g r o w th ,  r e d u c e d  r e p r o d u c t i v e  su c cess ,  d e r m a l  a n d  o c u l a r  a l t e r a t i o n s  a n d  in ­
c reas ed  s u s c e p t ib i l i ty  to  i n f e c t io n s  ( H o f  a n d  W i r s in g ,  1979; N a u s s  c l  a h ,  1979; S h e n a i  
el ah .  1985; T h o m p s o n  c t  a h ,  1964; M o o r e ,  1967; W o l b a c h  a n d  H o w e ,  1925; G r e e n  

a n d  M e l la n b y ,  1928). In f ac t ,  th e  r e d u c e d  p l a s m a  levels o f  r e t in o l  a n d  th y r o id  h o r ­
m o n e s  w e re  a c c o m p a n i e d  by  a s ig n i f i c a n t ly  r e d u c e d  r e p r o d u c t i v e  suc c e ss  in sea ls  fed 
W a d d e n  S e a  fish a s  r e p o r t e d  e a r l i e r  ( R c i jn d c r s ,  1986).  T h e s e  d a t a  s u g g e s t  a n  i m p o r ­
ta n t  ro le  o f  v i t a m in  A in P C B - i n d u c e d  r e p r o d u c t i v e  f a i lu re  in  c o m m o n  sea ls .  F u r ­
t h e r m o r e .  v i t a m in  A p la y s  a n  i m p o r t a n t  r o le  in r e s i s t a n c e  t o  m ic r o b ia l  in fec t ions ,  

th e r e fo r e  it is c o n c e iv a b le  t h a t  th e  r e d u c e d  p l a s m a  r e t in o l  c o n c e n t r a t i o n s  c a u s e d  by 
P C 'B -c o n ta m in a tc d  fish f ro m  th e  D u t c h  W a d d e n  S ea  m a y  be  a c c o m p a n i e d  by  a 
w e a k e n e d  c o n d i t i o n  a n d  in c r e a s e d  su s c e p t ib i l i ty  lo  v ira l  i n f e c t io n s  o f  t h e  c o m m o n  
seal  p r e s e n t  in th e s e  w a te r s .

A n  i m p o r t a n t  p r a c t i c a l  c o n s e q u e n c e  o f  th e s e  re su l t s  is t h a t  p l a s m a  r e t in o l  a n d  th y ­
ro id  h o r m o n e  r e d u c t i o n s  m a y  be  use d  a s  se ns i t ive  b io lo g ic a l  effect m o n i t o r  p a r a m e ­
ters  f o r  P C B s  a n d  r e la ted  e n v i r o n m e n t a l  p o l l u t a n t s .

a c k n o w l e d g e m e n t

T h e  a u t h o r s  g r a t e fu l ly  a c k n o w l e d g e  th e  e x p e r t  t e c h n ic a l  a s s i s t a n c e  o f  M s .  h.h 
L .u lk c -S ch ip h o l l .
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