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ABSTRACT: This investigation is concerned with the natural variations in aryl hydrocarbon 
hydroxylase (AHH) activity of flounder (P1atichthys flesus L.) throughout the year. A general trend 
towards higher activity in males was observed. It became significant during gonadal maturation, a 
period during which the activity in females was inhibited. Addition of a-naphthoflavone inhibited 
AHH activity except in females with maturing gonads. Enzyme activity measured at the optimal 
temperature for incubation showed highest activity during spring followed by a significant 
decrease during summer. Activity increased again during autumn, followed by a second decrease in 
the winter season. When activity was calculated based on ambient water temperature at time of 
sampling, smaller fluctuations between different seasons were observed; the only significant 
variation was high activity in June. The results obtained indicate that AHH activity is affected by 
both exogenous and endogenous factors, which should be taken into consideration if AHH activity 
is used as a biological indicator of marine pollution effects. 

INTRODUCTION 

It is now well  es tabl ished that  fish have the abi l i ty  to metabol ize  various xenobiot ics  
occurring in  the aquat ic  env i ronment .  The first metabol ic  step dur ing  this process is 
media ted  by a cytochrome P-450-dependent  monooxygenase  system (for reviews see 
Chambers  & Yarbrough, 1976; Zitko, 1980; Stegeman,  1981). Trea tment  of fish with 3- 
methylcholanthrene  (3-MC) and  similar  compounds  elicit  an  induc t ion  of this monooxy-  
genase  system that, a l though there is var iat ion in the response, has some characterist ics 
in  common with induct ion  observed in mammal s  (James & Bend, 1980; S tegeman,  1981). 
Several organic pol lutants  in  the mar ine  env i ronme n t  are active as 3-MC-type inducers  
in  fish, i nc lud ing  po lynuc lear  aromatic hydrocarbons  (PAH) (James & Bend, 1980), 
various po lyha logena ted  b ipheny l s  (Elcombe & Lech, 1978) and  complex mixtures  such 
as pet ro leum and  its ref ined products (Payne & Penrose, 1975). The induc t ion  of 
cytochrome P-450 (cyt. P-450) seems to be associated with the synthesis  of new or 
addi t ional  microsomal proteins, possibly new  cyt. P-450 isoenzyme(s) (Elcombe & Lech, 
1979; S tegeman et al., 1981). Wil l iams & Buhler (1982) have shown that l iver of ra inbow 
trout (Salmo gairdneri) contains  several  different i soenzymes  of cyt. P-450. 

Payne (1976) found e levated  levels  of hepat ic  aryl hydrocarbon hydroxylase  (AHH) 
activity in  fish from pe t ro leum-con tamina ted  sites, and  sugges ted  that  AHH induc t ion  
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could  be  used  as an  ind ica tor  of p e t r o l e u m  contamina t ion .  F ie ld  observa t ions  by  Kurelec  
et al. (1977 I, S t e g e m a n  (1978} and  Wal ton  et al. (1978} have  conf i rmed the induct ion  of 
A H H  aci t iv i ty  in fish from po l lu t ed  areas.  In addi t ion ,  it has  b e e n  repor ted  that  a-  
naph thof l avon  (ANF) inh ib i t s  A H H  act iv i ty  in microsomes  from fish t r ea ted  wi th  PAH, 
but  e i ther  do not  effect or, in some cases,  e n h a n c e s  act ivi ty  in microsomes  from control 
fish (Kurelec et  al., 1981~ Bend et  al., 1977}. It s eems  therefore  l ike ly  that  ANF- inh ib i t i on  
could  be  u sed  as an  ind ica tor  of stress c aused  by  o rgan ic  con tamina t ion  {Foureman et  al., 
1983). 

If the monooxygenase system is to be used in monitoring, knowledge of natural 
variation within the system is necessary (Stegeman, 1980). Koivusaari et al. (1981) have 
i n v e s t i g a t e d  the  var ia t ion  in the  m o n o o x y g e n a s e  sys tem of r a inbow trout and  found 
s ign i f ican t  d i f fe rences  in ac t iv i ty  th roughou t  the  year .  This  inves t iga t ion  was  d e s i g n e d  
as a b a s e l i n e  s tudy on the  m o n o o x y g e n a s e  sys tem of a fish spec ies  found in N o r w e g i a n  
fjords. The  f lounder  (Platichthys flesus L.) ful f i l led  the  d e m a n d s  of a s tat ionary,  abun-  
dan t  spec ies  common in N o r w e g i a n  coasta l  waters .  Previously,  it was shown that  the 
hepa t i c  m o n o o x y g e n a s e  sys tem in f lounders  is i nduc ib l e  by  organic  pol lu t ion  (unpub-  
l i shed  results).  

MATERIALS AND METHODS 

C h e m i c a l s  

NADP, g lucose -6 -phospha te ,  a -naph tho f l avone ,  Tris  and  B(a)P were  ob ta ined  from 
S i g m a  Chemica l s  Co. (USA). [14C] B(a)P (21 mCi/mmol} was  ob t a ined  from A m e r s h a m  
(England),  dye  r e a g e n t  and  bov ine  a l b u m i n  from Bio Rad Labora tor ies  {USA} and Scint 
Hei  3 (sc int i l la t ion cocktai l )  from Koch Light  Labora tor ies  (England).  Al l  other  chemica ls  
were  of ana ly t i ca l  grade*.  

B(a)P p u r i f i c a t i o n  

The  (14C) B(a)P was  d i lu t ed  wi th  u n l a b e l l e d  B(a)P and  pur i f ied  accord ing  to the  
me thod  desc r ibed  by  Van Cant ford  et  al. (1977), 

F i s h  c a p t u r e  a n d  t r e a t m e n t  

F l o u n d e r  (Platichthys flesus) were  caugh t  by  b e a c h  se ine  at Sotra, an  i s land  south- 
wes t  of Bergen  (Norway).  This is an  a rea  wi th  no k n o w n  sources  of organic  contamina-  
tion. Fish were  co l lec ted  at the  same  loca t ion  at  two-mon th  in terva ls  from Feb rua ry  1982 
to Apr i l  1983. 

M a x i m a l l y  3 h af ter  s ampl ing ,  fish we re  s t u n n e d  wi th  a b low on the head,  the  gal l  
b l a d d e r s  we re  carefu l ly  r e m o v e d  a n d  the  l ivers  were  exc i sed  and  p l a c e d  in l iquid 
n i t rogen.  I2vers  we re  t r anspor t ed  to the  l abora to ry  in l i qu id  n i t rogen  and  s tored at 
- -  8 0  °C. 

" Abbreviations used in this paper: AHH: aryl hydrocarbon hydroxylase, ANF: a-naphthoflavone, 
cyt. P-450: cytochrome P-450, PMS: postmitochrondrial supernatants 
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T i s s u e  p r e p a r a t i o n  a n d  a n a l y s i s  

The livers were thawed in  ice-cold 1.15 % KC1. We found that enzyme activity drops 
by approximately 20 % due to the freezing and  thawing  procedure.  No livers were stored 
more than 3 months,  and  the drop in  activity did not  increase  dur ing  this period. 
Individual  livers were homogen ized  in a teflon-glass homogen ize r  with three volumes of 
1.15 % KC1. The homogena tes  were centr i fuged at 10 000 × g for 10 rain (Sigma 2 MK 
centrifuge), and  the resul t ing postmitochondria l  superna tan ts  (PMS) were ut i l ized in  the 
incubation.  All steps were performed at 0-4 °C. 

The enzyme assay was a slight modif icat ion of the method descr ibed by Van 
Cantford et al. (1977). The react ion mixture  contained:  0.40 mM NADP, 2.5 mM glucose-  
6-phosphate, 50 mM Tris buffer (pH 7.4), 5 ram Mg C12, 0.08 mM B(a)P dissolved in  10 ~tl 
of acetone and  PMS (4-5 mg protein/ml)  in  a total vo lume of 0.5 ml. The mixture  was 
incuba ted  15 min  at 30 °C which was the opt imal  tempera ture  for this assay. The react ion 
was l inear  with time, and  over the ranges  of protein  concent ra t ion  uti l ized. 

The inf luence  of ct-naphthoflavone (ANF) on B(a)P-metabolism was de t e rmined  by 
adding 0.1 mM ANF in  10 ~tl acetone prior to the addi t ion  of B(a)P. 

The samples were ana lysed  us ing  a Packard 300 CD l iquid  scint i l la t ion counter  with 
an automatic quench  corrector system. 

Protein concentra t ion was de te rmined  according to Bradford (1976) us ing  bovine  
serum a lbumin  as standard.  

E n z y m e  a c t i v i t y  - p r e s e n t a t i o n  

Enzyme activity (Ea) is p resen ted  normal ized  to l iver somatic index  (LSI, l iver 
weight  x 100/body weight): 

Mole of B(a)P metabol ized  × LSI 
Ea -- 

15 (min for the reaction) × g l iver in the react ion 

This equa t ion  is es tabl i shed to relate enzyme activity to accumula t ion  and  e l imina-  
tion of xenobiotics.  Body weight  gives some indica t ion  of the amoun t  of xenobiot ics  a 
fish may accumulate,  whereas  l iver weight  is an  impor tant  paramete r  in  de t e rmin ing  the 
total hepatic enzyme activity and  thereby the e l imina t ion  of xenobiotics.  

Fishes are poiki lothermic organisms,  and  they are sensi t ive to var ia t ions  in  the 
env i ronmenta l  temperature.  We wan ted  therefore to calculate  what  the enzyme activity 
would be if the incuba t ion  was performed at the sea tempera ture  measured  dur ing  
sampling.  The rela t ionship be tween  incuba t ion  tempera ture  and  enzyme  activity was 
establ ished in one sample,  and  this re la t ionship  was used to calculate  the activity at 
env i ronmenta l  temperatures  in  the other samples.  

S t a t i s t i c s  

Analysis  of var iance  and  Newman-Keu l s  procedure  for mul t ip le  range  tes t ing were 
used to test differences be tween  pairs of means  of the same sex. Students  t-test was 
performed for test ing of sex differences. These  statistical procedures  are descr ibed in  
ZAR (1974). In all tests the level  of s ignif icance was set at P < 0.05. 
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R E S U L T S  

A s  i n d i c a t e d  i n  T a b l e  1, f i sh  w e r e  s a m p l e d  o v e r  a p e r i o d  of m o r e  t h a n  o n e  year .  

S a m p l e s  c o n t a i n i n g  i n d i v i d u a l s  w i t h  m a t u r i n g  g o n a d s  w e r e  d i v i d e d  i n t o  g r o u p s  of 

m a l e s ,  f e m a l e s  a n d  j u v e n i l e s .  S t a t i s t i c a l  a n a l y s i s  s h o w e d  n o  s i g n i f i c a n t  d i f f e r e n c e  

b e t w e e n  j u v e n i l e s  a n d  m a l e s ,  a n d  t h e s e  t w o  g r o u p s  w e r e  t h e r e f o r e  c o m b i n e d .  In  

s a m p l e s  w i t h o u t  m a t u r i n g  i n d i v i d u a l s  w e  o n l y  d i s t i n g u i s h e d  b e t w e e n  m a l e s  a n d  

f e m a l e s .  A n  e x c e p t i o n  is t h e  s a m p l e  t a k e n  J u l y  1982,  w h e r e  w e  c o n s i d e r e d  a l l  t h e  

i n d i v i d u a l s  as  o n e  g r o u p  d u e  to t h e  s m a l l  s a m p l e  s ize .  

T h e  m a t u r a t i o n  of t h e  g o n a d s  s t a r t e d  in  O c t o b e r / N o v e m b e r ,  a n d  t h e  f l o u n d e r s  

s p a w n e d  i n  F e b r u a r y / M a r c h .  T h e r e  w a s  a s t a t i s t i c a l l y  s i g n i f i c a n t  i n c r e a s e  in  l i v e r  

s o m a t i c  i n d e x  (LSI) in  f e m a l e s  c o n t a i n i n g  m a t u r i n g  g o n a d s ,  a n d  in  b o t h  f e m a l e  a n d  

Table  1. Dates of sampling,  sea temperature ,  total body weight,  LSI, condit ion factor and PMS 
protein in Platichthys flesus (mean _+ s tandard deviation) 

Sampl ing  Sea Body LSI Condit ion mg PMS 
dates  tern- we igh t  factor 

pera ture  prote in  
(°C) (g) 9 c~ 9 d g l iver 

8. 2 .82  5.0 139.2 --. 15.2 - 1.1 ----- 0.3 - 1.07 46.4 + 6.4 
15, 4 .82  6.0 169.3 + 39.5 1.3 ----- 0.2 1.4 ----- 0.2 1.07 1.07 62.4 --+ 8.0 
3. 6. 82 13.5 149.0 "!--- 75.0 1.3 + 0.1 1.3 + 0.2 1.16 1.10 62.4 + 8.0 

30. 7 .82  15.0 137.0 -+ 118.5 1.3 _____ 0.3" 1.13" 64.0 + 8.0 
6 . 1 0 . 8 2  12.7 133 .0+  61.0 1 . 1 + 0 . 1  1 . 2 + 0 . 2  1.06 1,11 7 6 . 8 + 1 1 . 2  
6. 12.82 8.5 186.6--+ 67.0 2.3 -- 0.2 1.2 --- 0.2 1.10 1.03 76.8 + 8.0 

31. 1.83 5.7 226.8 + 107.5 1.7 --- 0.5 1.1 --+ 0.1 1.09 1,08 68.8 + 11.2 
7. 4 .83  5.9 157,2 + 69.6 1.7 + 0.5 1.6 + 0.3 1.11 1.06 67.2 + 11.2 

• Males  and  females  combined  (see text) 

m a l e s  f r o m  A p r i l  1983 {Tab le  1), T h e r e  w a s  n o  s i g n i f i c a n t  d i f f e r e n c e  in  t h e  c o n d i t i o n  

f ac to r  ( w e i g h t  × 1 0 0 / l e n g t h  3) t h r o u g h o u t  t h e  yea r .  T h e  P M S  p r o t e i n  c o n t e n t  p e r  g r a m  

l i v e r  w a s  v e r y  l o w  i n  f i sh  s a m p l e d  F e b r u a r y  1982,  w h e r e a s  i t  a p p e a r e d  to b e  a b o v e  

a v e r a g e  i n  f i sh  f r o m  O c t o b e r  a n d  D e c e m b e r  1982 ( T a b l e  1). 

V a r i a t i o n  w i t h  s i z e  

D a t a  f r o m  s a m p l e s  t a k e n  Apr i l ,  J u n e  a n d  O c t o b e r  1982 a n d  A p r i l  1983 w e r e  u s e d  to 

t e s t  for  c o r r e l a t i o n  b e t w e e n  e n z y m e  a c t i v i t y  a n d  b o d y - l i v e r  w e i g h t ,  LSI a n d  c o n d i t i o n  

fac tor .  T h e s e  s a m p l e s  w e r e  u s e d  s i n c e  t h e  d i f f e r e n c e s  i n  e n z y m e  a c t i v i t y  w i t h i n  a n d  

b e t w e e n  t h e m  w e r e  sma l l ,  a n d  t h e  s i ze  r a n g e  f o u n d  i n  t h e s e  s a m p l e s  w e r e  t h e  s a m e  as 

t h a t  of a l l  t h e  f l o u n d e r s .  N o  s i g n i f i c a n t  c o r r e l a t i o n s  w e r e  f o u n d  ( T a b l e  2). D i f f e r i n g  s ize  

r a n g e  w i t h i n  s a m p l e s  w i l l  t h e r e f o r e  n o t  b e  of i m p o r t a n c e  i n  t h e  f u r t h e r  t r e a t m e n t  of t h e  

da t a .  
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Table 2. Correlation coefficients between AHH activity and body-liver weight, LSI and condition 
factor 

Variables Specific Activity normal Range 
activity to LSI 

Body weight  --0.10 --0,I 1 52,5 g -323 .5  g 
Liver weight  - 0 .18  -0 .03  0.8 g - 7.3 g 
LSI -0 ,15  -0 .17  0.9 - 2.3 
Condition factor -0 .12  -0 .07  0.9 - 1.4 

V a r i a t i o n  b e t w e e n  s e x e s  

F igs  l a  and  l b  s h o w  the  v a r i a t i o n s  in  e n z y m e  ac t iv i ty  t h r o u g h o u t  t he  s a m p l i n g  
per iod .  T h e s e  da t a  i n d i c a t e  tha t  m a l e  f l o u n d e r s  g e n e r a l l y  h a d  h i g h e r  A H H  ac t iv i ty  t h a n  

females ,  a n d  tha t  this  t e n d e n c y  b e c a m e  s i g n i f i c a n t  w h e n  the  f l o u n d e r s  c o n t a i n e d  

m a t u r i n g  gonads ,  

T h e  a d d i t i o n  of A N F  i n h i b i t e d  the  e n z y m e  ac t iv i ty  in  al l  f l o u n d e r s  e x c e p t  f e m a l e s  

w i t h  m a t u r i n g  gonads ,  in w h i c h  ac t iv i ty  w a s  n e a r l y  u n a f f e c t e d  by  A N F  (Tab le  3). A H H  

ac t iv i ty  w a s  i n h i b i t e d  to t he  s a m e  e x t e n t  in  f i shes  w i t h  r e l a t i v e l y  l o w  (July  1982) a n d  

h i g h  (April  1983) ac t iv i ty  (Tab le  3), 

Table 3, Effects of administration of ANF on enzyme activity. The activity measured with addition of 
ANF is called ' remaining activity' 

Date Sex Specific activity Remaining activity 
{pmol/min/mg) pmol /min/mg % * 

30. 7.82 ~ 93.7 _+ 68.8 29.2 38.6 
6. 10.82 5 172.1 ___ 60.0 65.2 41.0 
6. 10.82 9 131.8 _ 57.6 57.6 45.8 
6. 12.82 5 100.4 + 16.9 50.0 52.5 
6. 12.82 ~ 21.0 _+ 14.2 21,4 102.4 
7. 4.83 c~ 175.2 _ 77.0 57.6 33.6 
7. 4.83 9 129.3 -X-_ 65.7 45,8 37.2 

• Remaining activity × 100 
Specific activity 

S e a s o n a l  v a r i a t i o n s  

T h e  A H H  ac t iv i ty  in m a l e  f i shes  h a d  its m a x i m u m  d u r i n g  s p r i n g  f o l l o w e d  by  a 

s i gn i f i c an t  d e c r e a s e  in ac t iv i ty  d u r i n g  s u m m e r  (Figs l a  a n d  lb) .  In a u t u m n  w e  o b s e r v e d  
a s i gn i f i c an t  i n c r e a s e  in act ivi ty ,  f o l l o w e d  by  a s e c o n d  d rop  a p p e a r i n g  in  t he  w i n t e r  

season .  T h e  d e c r e a s e  in ac t iv i ty  o b s e r v e d  d u r i n g  w i n t e r  s e e m e d  m a i n l y  to be  r e l a t e d  to 
that  po r t i on  of A H H  ac t iv i ty  i n h i b i t e d  by  A N F ,  w h e r e a s  the  d e c r e a s e  in t he  n o n -  

i n h i b i t e d  po r t i on  was  less  p r o n o u n c e d  (Tab le  3). 
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The activity in  females followed the same pattern,  with the exception of the above 
men t ioned  decrease in females con ta in ing  deve lop ing  gonads.  The increase  in activity 
dur ing  the a u t u m n  was no longer  significant .  

The seasonal  var ia t ions  were  very much  al ike for both specific activity and  activity 
normal ized  to LSI (Figs l a  and  lb). The only large difference was found in  fish sampled  
in  February  1982, which had a rather  h igh specific activity compared with normal ized  
activity. This was  probably  due to the very low prote in  content  in  the PMS-fraction of 
these fishes (Table 1). 
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Fishes  are  po ik i lo the rmic  an ima l s  wh ich  means  that  the i r  m o n o o x y g e n a s e  sys tem 
does not funct ion at  a specif ic  t empera tu re ,  bu t  has  to a d a p t  to a r ange  of t empera tu res .  
Therefore,  the  re la t ionsh ip  b e t w e e n  in vi t ro i ncuba t ion  t e m p e r a t u r e  a n d  e n z y m e  act iv-  
ity, ob ta ined  wi th  l iver  from fish c a p t u r e d  Apr i l  1981, was  s tudied .  Based  on the  
assumpt ions  that  this  r e la t ionsh ip  is cons tant  t h roughou t  the  yea r  and  that  it  ref lects  the  
re la t ionship  b e t w e e n  e n z y m e  ac t iv i ty  a n d  w a t e r  t empera tu re ,  the  ac t iv i ty  at  the  
obse rved  sea  t empe ra tu r e s  was  ca lcu la ted .  The  resul ts  a re  shown in Figs  l c  and  ld .  The  
AHH act ivi ty  in males  s a m p l e d  in June  was  s ign i f i can t ly  h ighe r  than  ac t iv i ty  in a l l  o ther  
samples .  This  was  due  to h igh  act iv i ty  ra tes  m e a s u r e d  at 30 °C c o m b i n e d  wi th  h igh  
env i ronmenta l  t empe ra tu r e  (13.5 °C). In al l  o ther  s a mp le s  there  was  a t r end  towards  
lower  var ia t ions  in act ivi ty  b e t w e e n  different  seasons,  and  none  of these  var ia t ions  were  
signif icant .  

The enzyme  act iv i ty  in females  fo l lowed the same  pat tern ,  but  a g a i n  wi th  the  
addi t ion  of a s igni f icant  dec rease  in females  wi th  d e v e l o p i n g  gonads .  
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temperature (see text) 
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DISCUSSION 

The  p r e sen t  resul ts  ind ica te  that  A H H  act ivi ty  in f lounder  var ies  cons ide rab ly  
du r ing  the year .  The  act iv i ty  is af fec ted  by  bo th  e n d o g e n o u s  (gonadal  maturat ion)  and  
exogenous  ( tempera ture)  factors. 

In f ema le  fish there  is a s ign i f ican t  i nc rease  in  l iver  we igh t  a p p e a r i n g  at  the  onset  of 
g o n a d a l  matura t ion .  This  is p r o b a b l y  r e l a t ed  to the  reproduc t ive  funct ion of the  l iver  as a 
syn thes i z ing  and  s tor ing o rgan  of ene rgy - r i ch  subs tances  (Plack & Fraser,  1971; Van 
Bohemen  et  al., 1981). Egaas  & Varanas i  (1981) a n d  D e w a i d e  (1970) found a s igni f icant  
inc rease  in l iver  we igh t  in fish acc l ima ted  to cold  versus  warm water.  This is p robab ly  
not the  reason  for the  obse rved  inc rease  in l iver  w e i g h t  from fish col lec ted  in Apr i l  1983, 
s ince  such an inc rease  has  not  b e e n  obse rved  in any other  co ld -wate r  sample .  The lack  of 
var ia t ion  in the  condi t ion  factor seems  to ind ica te  that  the f lounders  were  not s ta rved  at 
any  par t  of the  year.  The obse rved  d i f ference  in enzyme  act iv i ty  is therefore  not a resul t  
of s tarvat ion.  

The  resul ts  (Table  2) showed  no corre la t ion  b e t w e e n  enzyme  act ivi ty  and  body- l ive r  
we igh t ,  LSI or condi t ion  factor. These  f ind ings  are  in accordance  with  the results  of 
Wal ton  et  al. (1978) and  Spies  et al. (1982) in expe r imen t s  us ing  cunner  (Tautogolabrus 
adspersus} and  Cal i forn ia  f latf ishes,  respec t ive ly ;  w h e r e a s  S t e g e m a n  (1978) repor ted  a 
s ign i f ican t  cor re la t ion  b e t w e e n  body  w e i g h t  and  act iv i ty  no rma l i zed  to body  we igh t  in 
m u m m i c h o g  (Fundulus heteroclitus). 

The p re sen t  resul ts  r e v e a l e d  a t e n d e n c y  towards  ma le  f lounders  hav ing  h ighe r  
e n z y m e  act iv i ty  than  females .  This  t e n d e n c y  was  not  s igni f icant  unt i l  the  gonada l  
ma tu ra t ion  s tar ted,  a pe r iod  in which  the AHH-ac t iv i t y  of the  females  d r o p p e d  to a level  
s ign i f i can t ly  lower  than  in males .  This  is s imi la r  to the  resul ts  ob t a ined  by  Wal ton  et al. 
(1978) on cunner ,  S t e g e m a n  (1980) on win te r  f lounder  (Pseudopleuronectes americanus), 
and  Koivusaar i  et al. (1981) on r a inbow trout (Salmo gairdneri). Contrary  to these  
f ind ings  is the l ack  of d i f ference  obse rved  in s p a w n i n g  and  n o n - s p a w n i n g  s h e e p s h e a d  
(Archosargus probatocephalus) (James  & Little, 1981). Later  inves t iga t ions  have  shown 
the dec rease  in ac t iv i ty  and  cyt. P-450 content  in f emale  r a inbow trout to be due to 
inh ib i t ion  by  a ma jo r  p l a s m a  oes t rogen,  oes t radiol -17~ (for review,  see  Hansson  et al., 
1982). S t e g e m a n  et  al. (1982) showed  that  the  effect of oest radiol-17~ was to reduce  the  
amoun t  of seve ra l  prote ins ,  a m o n g  them poss ib ly  one  i soenzyme of cy tochrome P-450. 
The  resul ts  in the  p re sen t  s tudy  also s h o w e d  that  the  i soenzyme  pa t t e rn  in females  wi th  
m a t u r i n g  g o n a d s  di f fered from the  pa t t e rn  in  o ther  f lounders ;  ma tu r ing  females  did  not 
conta in  i soenzymes  that  were  i nh ib i t ed  b y  A N F  w h e r e a s  the  rest  of the  f lounders  d id  
(Table  3). This  ind ica t e s  a s imi la r  inh ib i t ion  of i soenzyme(s)  as S t e g e m a n  and  his 
coworkers  repor ted .  

AHH-ac t iv i t y  was  i nh ib i t ed  by  ANF, an  inh ib i t ion  that  was lost af ter  14 days  in the 
l abora to ry  (unpubl .  results).  This could  ind ica te  that  the  m o n o o x y g e n a s e  sys tem was 
induced .  The  act iv i ty  was, however ,  i nh ib i t ed  to the same  extent  in fishes wi th  re la t ive ly  
low and  h igh  act iv i ty  levels .  It is therefore  poss ib le  that  the  induct ion  is the  na tura l  state 
of the  m o n o o x y g e n a s e  sys tem unde r  na tu ra l  condi t ions ,  and  might  not be due to 
pol lu tants .  This  induc t ion  could  be  caused  by  na tu ra l ly  occurr ing  compounds ,  such as 
f l avenoids  found in sea  grasses  (McMil lan  et al., 1980}, or by  other  env i ronmenta l  
factors. Cont rovers ia l  da t a  is a v a i l a b l e  on the  effect of A N F  on A H H  activity. In some 
studies,  A N F  is r epo r t ed  to inh ib i t  ac t iv i ty  in mic rosomes  from induc e d  fish, but  to have  
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no effect or e n h a n c e  act iv i ty  in  mic rosomes  from control  fish (Kurelec  et  al., 1981; Bend  
et al., 1977; F o u r e m a n  et  al., 1983); whi l e  o thers  have  found that  A N F  inh ib i t s  A H H  
act ivi ty  in microsomes  from both  control  and  i n d u c e d  fish (Elcombe & Lech, 1979; 
Schwen  & Manner ing ,  1982; S t e g e m a n  et  al., 1981). Fur ther  inves t iga t ions  are  therefore  
necessary  before  inh ib i t ion  of A H H  act iv i ty  by  A N F  is a c c e p t e d  as an  ind ica t ion  of stress 
caused  by  pol lu tants .  

The resul ts  ob t a ined  in the  p re sen t  s tudy  ind ica t e  that  enzyme  ac t iv i ty  var ies  
cons ide rab ly  b e t w e e n  seasons.  W h e n  act iv i ty  was  m e a s u r e d  at  30 °C, the  f lounders  from 
Ju ly  had  s igni f icant ly  lower  hepa t i c  A H H  act ivi ty  than  f lounder  s a m p l e d  dur ing  sp r ing  
and  au tumn (males),  w h e r e a s  only  f lounders  s a m p l e d  in  June  we re  s ign i f i can t ly  diffe-  
rent  from the  J u l y - s a m p l e  if ac t iv i ty  was  ca l cu l a t ed  at e n v i r o n m e n t a l  t empera tu re .  This  
resul t  is the same  as that  of D e w a i d e  (1970) and  Egaas  & Varanas i  (1982) who  found that  
enzyme act ivi ty  was  h ighe r  in co ld - acc l ima ted  fish as c o m p a r e d  to w a r m - a c c l i m a t e d  fish 
when  m e a s u r e d  at an op t ima l  t empera tu re .  Likewise ,  Koivusaar i  et  al. (1981) o b s e r v e d  
in a f ie ld s tudy of r a inbow trout  the  s ame  d e c r e a s e  in ac t iv i ty  du r ing  summer ,  a d e c r e a s e  
which  is much  smal le r  if enzyme  act iv i t ies  were  m e a s u r e d  at env i ronmen ta l  t e m p e r a -  
tures. Cont ra ry  to this is the  f ind ing  of D e w a i d e  & H e n d e r s o n  (1970) a n d  Sp ies  et  al. 
(1982) that  enzyme  act ivi ty  in f ie ld  s amp le s  of roach  (Leuciscus rutilusJ and  Cal i forn ia  
flatfishes, respect ive ly ,  r eaches  its m a x i m u m  in summer .  The re  is, however ,  in both  
these  inves t iga t ions  the  poss ib i l i ty  of i nc r ea sed  po l lu t ion  dur ing  summer ,  so that  h igh  
act ivi ty  can be  due  to induc t ion  of the  m o n o o x y g e n a s e  system. 
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Fig. 2. Relationship between aryl hydrocarbon hydroxylase activity and incubation temperature in 
liver of flounders (caught in April 1982). The activity is given as disintegrations per rain (dpm) of 

total rnetabolites of B(a)P 

As men t ioned  above,  f lounders  s a m p l e d  in Ju ly  had  s ign i f ican t ly  lower  enzyme  
activi ty than  f lounders  caugh t  in Apr i l  or Oc tober  w h e n  act iv i ty  was  m e a s u r e d  at 30 °C, 
whereas  these  d i f ferences  d i m i n s h e d  if the  ac t iv i ty  was ca l cu l a t ed  at e nv i ronme n ta l  
temperature .  This was  due  to the  o b s e r v e d  re l a t ionsh ip  b e t w e e n  in vitro incuba t ion  
tempera ture  and  act ivi ty  (Fig. 2) wh ich  showed  tha t  the  c a l c u l a t e d  e n z y m e  act iv i ty  at the  
water  t empera tu re  in Ju ly  (15 °C) was  53 % of the  ac t iv i ty  m e a s u r e d  at 30 °C, w h e r e a s  
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the  va lues  for Apr i l  (6 °C) and  Oc tober  (12.7 °C) were  32 and  45 %, respect ive ly .  The 
r educ t ion  in var ia t ion  b e t w e e n  these  g roups  ind ica tes  that  the  hepa t i c  monooxygenase  
sys tem in f lounder  compensa t e s  for c h a n g i n g  t empera tu res .  A l a rge  n u m b e r  of enzymes  
in po ik i l o the rmic  an ima l s  exh ib i t  compensa to ry  pa t te rns  of ca ta ly t ic  act ivi ty  dur ing  
the rmal  acc l ima t ion  (for review,  see  Haze l  & Prosser, 1974). This compensa t ion  may  be  
ach i eved  by  i nc rea s ing  the  concen t ra t ion  of k e y  enzymes ,  ge ne ra t i ng  n e w  i soenzymes  
and /o r  a l t e r ing  the  mic roenv i ronmen t  wi th in  wh ich  enzymes  function. Al l  of these  
adap t ions  r equ i re  a r e l a t ive ly  long  pe r iod  of t ime.  Koivussaar i  (1983) found t empe ra tu r e  
c o m p e n s a t i o n  in  the  m o n o o x y g e n a s e  sys tem of r a i n b o w  trout; ac t iv i ty  was  the  same  in 
fish s a m p l e d  in  cold  and  w a r m  w a t e r  w h e n  m e a s u r e d  at env i ronmen ta l  t empera ture .  
This  compensa t i on  was  not  due  to changes  in the  total  amount  of cyt. P-450, which  was 
cons tant  for the  two groups.  O n  the o ther  hand,  C h a m b e r s  & Yarbrough  (1979) found 
h ighes t  cyt. P-450 conten t  in w in t e r  and  lowes t  in s u m m e r  in  a f reshwater  species,  
Gambusia affinis. It therefore  a p p e a r s  that  spec ies - spec i f i c  d i f ferences  may  inf luence  
the  r e sponse  of fish to c h a n g i n g  t empera tu res .  

The  e n z y m e  ac t iv i ty  in the  f lounders  s a m p l e d  in June  d id  not  fit into this  pa t t e rn  of 
t e m p e r a t u r e  compensa t ion .  A poss ib l e  exp lana t ion  for this  can be  found from the 
observa t ions  of the  sea  t e m p e r a t u r e  in the  Sotra a rea  (Fig. 3). These  t empera tu re s  were  
m e a s u r e d  on the eas te rn  s ide  of the  i s land,  w h e r e a s  the  f lounders  were  s a m p l e d  on the 
wes t e rn  side.  The  t e m p e r a t u r e  shown  in F igu re  3 therefore  only  g ives  an  es t ima te  of the  
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Fig. 3, Sea temperature in the Sotra area measured from January 1982 to May  1983. Temperature 
was taken daily, and each point represents the mean of 10 daily measurements. (Published with 

permission of A/S MOWI, Norway) 
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actual  sea  t empe ra tu r e  at the s a m p l i n g  site, and  the var ia t ions  b e t w e e n  these  two si tes is 
ind ica ted  by  the  d i f ferences  found in Tab le  1 and  F igure  3. The  m a i n  d i f fe rence  is that  
ice covered  the s a m p l i n g  site du r ing  parts  of the  win te r  per iod,  so that  the  t e m p e r a t u r e  
d id  not drop to the  low leve l  found  on the  ea s t e rn  s ide.  Wha t  F igure  3 c lea r ly  shows is 
that  the sea  t e m p e r a t u r e  in the  Sotra  a rea  i nc r ea sed  r a p id ly  from M a y  to June.  A poss ib l e  
exp lana t ion  for the  h igh  act iv i ty  in June  m a y  therefore  be  that  the  m o n o o x y g e n a s e  
sys tem d id  not  have  e n o u g h  t ime  to a d a p t  to this  va r i a t ion  in t empera tu re .  This  m e a n s  
that  an effective c o l d - a d a p t e d  m e t a b o l i s m  was  func t ion ing  at h igh  t empera tu res ,  creat-  
ing a very  eff icient  combina t ion .  In July,  the  sys tem h a d  a d a p t e d  to the  n e w  t e m p e r a t u r e  
range,  poss ib ly  by  dec r ea s ing  the amoun t  of cyt. P-450 or by  some other  u n k n o w n  
mechanism(s)  wh ich  d e c r e a s e d  the  activity.  

The  dec rease  in A H H  act iv i ty  o b s e r v e d  in ma le s  a n d  juven i l e s  du r ing  the  winter ,  
seems ma in ly  to be  a r educ t ion  in the  i n d u c i b l e  por t ion  of the  activity.  This m a y  be  a 
resul t  of lower  leve ls  of i nduc ib l e  c o m p o u n d s  du r ing  winter ,  or it  m a y  be  b o u n d  to o ther  
exogenous  and /o r  e n d o g e n o u s  factors. 

C O N C L U S I O N  

Many  a t t empts  to re la te  phys io log ica l  c r i te r ia  to p o l l u t i o n - i n d u c e d  stress  p h e n o -  
mena  in aqua t ic  an imals  have  fai led.  In our opinion,  this is in par t  due  to the  l ack  of 
k n o w l e d g e  on na tu ra l  var ia t ions  of the  p a r a m e t e r s  cons idered .  The  p r e se n t  s tudy on 
var ia t ion  in hepa t i c  aryl  hyd roca rbon  hyd roxy la se  ac t iv i ty  demons t r a t e s  tha t  severa l  
factors must  be  t a k e n  into account .  As i n d i c a t e d  above,  the  use  of A H H  act iv i ty  in 
f lounder  as a b io log ica l  ind ica tor  of m a r i n e  con tamina t ion  has  the  fo l lowing  imp l i ca -  
tions: 

(1) Size se lec t ion  w h e n  s a m p l i n g  is not  of cr i t ical  impor tance .  This  is t rue  wi th in  the  
size range  we have  s tudied,  bu t  it  must  be  i n v e s t i g a t e d  a g a i n  if f lounder  ou ts ide  this  size 
range  is sampled .  

(2) Fema le s  should  be  r e j ec t ed  from s a m p l e s  du r ing  the  t ime  of ma tu ra t i on  and  
spawning .  Even after  spawning ,  the  op t imal  s a m p l i n g  p r o c e d u r e  w o u l d  be  to choose  one 
sex only; the  p re sen t  resul ts  r e v e a l e d  tha t  ma le s  a re  much  be t t e r  su i t ed  than  females  for 
this k ind  of inves t iga t ion .  

(3) Enzyme act ivi ty  shou ld  be  m e a s u r e d  bo th  at  the  op t ima l  and  env i ronmen ta l  
t empera ture .  

(4) Var ia t ions  in wa te r  t e m p e r a t u r e  wi l l  affect the  enzyme  ac t iv i ty  level ;  s a m p l i n g  
should  therefore  be  car r ied  out  w h e n  the  sea  t e m p e r a t u r e  is r e l a t ive ly  s table .  

If these  impl ica t ions  are  cons idered ,  there  wi l l  p r o b a b l y  be  pe r iods  of the  yea r  w h e n  
AHH act ivi ty  cannot  be  used  in moni tor ing .  On the  o ther  hand ,  a s a m p l i n g  p rocedu re  
fol lowing these  d i rec t ives  should  r educe  the  va r ia t ion  b e t w e e n  i n d i v i d u a l s  of the  s ame  
species,  and  the reby  increase  the  poss ib i l i t i es  of d i scover ing  d i f ferences  b e t w e e n  non- 
i nduced  and  i n d u c e d  groups.  
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