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A r y l  h y d r o c a r b o n  h y d r o x y l a s e s  (AHH) are among 
s e v e r a l  x e n o b i o t i c  m e t a b o l i z i n g  enzymes known to occu r  
in  h e p a t i c  microsomes o f  a q u a t i c  a n i m a l s  (ADAMSON, 1967; 
BUHLER and RASMUSSON, 1968; CREAVEN, 1965; DEWAIDE, 
1970; PEDERSEN, e t .  a l . ,  1974) .  These enzymes med ia te  
chemica l  t r a n s f o r m a t i o n s  o f  compounds, wh ich  are f o r e i g n  
to the body,  t hus  f a c i l i t a t i n g  t h e i r  d e p u r a t i o n  and 
e x c r e t i o n .  Recent  s t u d i e s  have d e m o n s t r a t e d  t h a t  
c e r t a i n  c h e m i c a l s  can e i t h e r  s t i m u l a t e  ( i n d u c e )  or  
i n h i b i t  the  a c t i v i t i e s  o f  AHH, or  t h e y  may have l i t t l e  
or  no e f f e c t ,  depend ing  on the  m o l e c u l e s  i n v o l v e d  (DAO 
and YOGO, 1964; IKEDA and OHTSUJI, 1971; FOUTS, 1973) .  

In mar ine  w a t e r s ,  where a hos t  o f  c o n t a m i n a n t s  
e x i s t  t o g e t h e r ,  p e t r o l e u m  o i l s  are sou rces  o f  numerous 
xenocompounds and p o l y c h l o r i n a t e d  b i p h e n y l s  (PCB's )  are 
g e n e r a l l y  u b i q u i t o u s .  A c c o r d i n g l y ,  i t  i s  i m p o r t a n t  to 
d e t e r m i n e  how p e t r o l e u m  h y d r o c a r b o n s  and PCB's,  
s e p a r a t e l y  and t o g e t h e r ,  a f f e c t  b i o c h e m i c a l  systems o f  
mar ine  o r g a n i s m s .  

Th is  paper  d e s c r i b e s  s t u d i e s  o f  i n  v i v o  i n d u c t i o n s  
o f  AHH, as b e n z o [ a ] p y r e n e  h y d r o x y l a s e ,  in  h e p a t i c  
microsomes o f  young sa lmon.  F i sh  were exposed to 
components o f  Prudhoe Bay c rude  o i l  (PBCO) d i s s o l v e d  or  
d i s p e r s e d  in  seawa te r  and to PBCO i m p r e g n a t e d  in  food 
w i t h  and w i t h o u t  PCB's. 

MATERIALS AND METHODS 

Two groups  o f  young coho salmon (Oncho rhynchus  
k i s u t c h )  were used.  One g r o u p ,  wh ich  was used f o r  
exposu res  to a w a t e r - s o l u b l e  f r a c t i o n  (WSF) o f  PBCO, 
was o b t a i n e d  f rom the Leavenwor th  N a t i o n a l  F i sh  H a t c h e r y  
o f  the  U.S. F i sh  & W i l d l i f e  S e r v i c e .  The o t h e r  g r o u p ,  
wh ich  was used f o r  exposu res  to PBCO and PCB's in  f o o d ,  
was o b t a i n e d  f rom among c o h o r t s  r ea red  in  our  l a b o r a t o r y  
f rom eggs o f  two or  t h r e e  spawning sa lmon.  A l l  f i s h  
were a c c l i m a t i z e d  to t h e i r  r e s p e c t i v e  e n v i r o n m e n t s  p r i o r  
to the i n i t i a t i o n  o f  exposu res  to c o n t a m i n a n t s .  F i s h  
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exposed to the  WSF were h e l d  f o r  a t  l e a s t  two weeks i n  a 
l a r g e  o u t d o o r  h o l d i n g  tank  b e f o r e  be ing  p laced  f o r  
exposu res  in  a q u a r i a  c o n t a i n i n g  seawate r  m a i n t a i n e d  a t  
8 . 5 ~ 1 7 6  F i sh  f o r  the  f e e d i n g  e x p e r i m e n t s  were h e l d  
in  f l o w - t h r o u g h  tanks  c o n t a i n i n g  f r e s h  wa te r  m a i n t a i n e d  
a t  I I ~ 1 7 6  f o r  abou t  two weeks b e f o r e  the  s t a r t  o f  the  
c o n t a m i n a n t  f e e d i n g .  

A method s i m i l a r  to  t h a t  o f  ANDERSON, e t .  a l .  
(1974)  was employed to p roduce a WSF o f  PBCO. 
A p p r o x i m a t e l y  20 l i t e r s  o f  s t o c k  s o l u t i o n  o f  WSF was 
made by m i x i n g  I0 ml P B C O / l i t e r  o f  f i l t e r e d  seawa te r  i n  
a c l o s e d  c o n t a i n e r  a t  room t e m p e r a t u r e  f o r  18-20 hr  w i t h  
s t i r r i n g  such t h a t  the  v o r t e x  o f  the  m i x t u r e  rema ined  a t  
15% to 20% o f  the  d i s t a n c e  f rom the  bo t tom o f  the  
m i x t u r e .  Then, the  m i x t u r e  was a l l o w e d  to s tand  
u n d i s t u r b e d  f o r  4 h r ,  and the  wa te r  was s i p h o n e d  f rom 
beneath  the  o i l  l a y e r .  D i l u t e  s o l u t i o n s  o f  5% and 0.5% 
( v / v )  o f  the  s t o c k  WSF were made up w i t h  f i l t e r e d  
seawa te r  and used to f i l l  s e v e r a l  2 0 - 1 i t e r  c y l i n d r i c a l  
j a r s ,  wh ich  se rved  as a q u a r i a .  Ten f i s h  were p l a c e d  in  
each j a r ,  w h i l e  f i l t e r e d  a i r  was bubb led  a t  50 m l / m i n  
t h r o u g h  a e r a t i o n  s t o n e s .  The e x p o s u r e s  o f  f i s h  to  WSF 
was a s t a t i c  t e s t  t h a t  l a s t e d  f o r  6 days .  A p a r a l l e l  
c o n t r o l  e x p e r i m e n t  w i t h o u t  the  WSF was employed .  On the  
seven th  day,  the  f i s h  were k i l l e d ,  and w e i g h t s ,  l e n g t h s ,  
and sex were d e t e r m i n e d .  F i n a l l y ,  l i v e r s  were removed,  
r i n s e d  w i t h  c o l d  1.15% KCI s o l u t i o n ,  i m m e d i a t e l y  f r o z e n  
a t  -50~  and h e l d  a t  t h a t  t e m p e r a t u r e  o v e r n i g h t  f o r  
enzyme assays .  

The c o n c e n t r a t i o n  o f  WSF o f  PBCO in  the  d i l u t e  
s o l u t i o n s  was d e t e r m i n e d  by s p e c t r o p h o t o f l u o r o m e t r y  
(KEIZER and GORDON, 1973 ) ,  as f o l l o w s :  A one l i t e r  
sample o f  s o l u t i o n  to be t e s t e d  was passed t h r o u g h  a 
2 cm d i a m e t e r  x 12 cm h i g h  bed o f  A m b e r l i t e  XAD-2 r e s i n  
(Rohm & Haas Co.)  a to e x t r a c t  the  s o l u b l e  o r g a n i c s  f rom 
the  wa te r  (BURNHAM e t .  a l . ,  1972) .  P r i o r  to  use ,  the  
XAD-2 r e s i n  was c l eaned  by s u c c e s s i v e  S o x h l e t  
e x t r a c t i o n s  w i t h  a c e t o n i t r i l e ,  d i e t h y l  e t h e r ,  and 
m e t h a n o l ,  and packed co lumns were s u c e s s i v e l y  e l u t e d  
w i t h  methano l  and d i s t i l l e d  w a t e r .  The d i s t i l l e d  wa te r  
was a l s o  t r e a t e d  to remove d i s s o l v e d  o r g a n i c s  by p a s s i n g  
i t  t h r o u g h  a s e p a r a t e  c l e a n  XAD-2 co lumn.  S o l v e n t s  were 
p e s t i c i d e  g rades  or  d i s t i l l e d - i n - g l a s s  g rades .  The 
absorbed  o r g a n i c s  were r e c o v e r e d  f rom the  r e s i n  by 
e l u t i n g  w i t h  d i e t h y l  e t h e r .  Water was removed f rom a 
c o n c e n t r a t e d  e t h e r  e x t r a c t  (10 -12  ml)  by a b r i e f  ( ca .  
I0  sec)  f r e e z i n g  w i t h  a d r y  i c e - a c e t o n e  m i x t u r e  and 

aMen t i on  o f  commerc ia l  p r o d u c t s  i s  f o r  i n f o r m a t i o n  
o n l y  and does no t  c o n s t i t u t e  endorsement  by the  U.S. 
Depar tment  o f  Commerce. 
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quickly decanting into a graduated tube. The ether was 
evaporated and replaced with cyclohexane. The extracts 
in cyclohexane were assayed with an Aminco-Bowman 
spectrophotofluorometer (SPF), using s l i t  arrangement 
number 4 suggested by the manufacturer, American 
Instrument Co. Quinine sulfate(l~g/ml in O.l N-H2S04) 
was used to standardize the SPF. A quanti ty of WSF was 
extracted from a separate stock solut ion with 
t r i f l uo ro t r i ch lo roe thane (Freon I f3 ,  E.I .  Du Pont De 
Nemours & Co.) and recovered grav imetr ica l ly .  Standard 
solutions were prepared from the WSF gravimetric extract 
to establish a standard curve for the SPF analyses. The 
stock solut ion of WSF used in the aquaria assayed at 
3.0 mg/ l i ter  before the d i lu t ions .  

Oregon moist f ish pel lets (3/32-inch size, Formula 
I I ,  Moore-Clark Co., LaConner, WA) served as a basal 
d iet  for exposures via the d ie t .  The pel lets were 
impregnated by a method s imi lar  to that reported by 
GRUGER et. al. (1975) to give three diets containing 
l ppm (w/w) PCB's (as Aroclor 1242), l ppm PBCO, and a 
50-50 mixture of l ppm PCB's and l ppm PBCO. A flowing 
freshwater f ish-holding system was employed for f ish 
receiving the various diets (GRUGER et. a l . ,  1975). The 
f ish were fed once each day, 5 days a week, at a rate of 
3% of the i r  i n i t i a l  body weights per day. Ten animals 
were used at each exposure concentration. After 60 or 
68 days of feeding, the f ish were k i l led  and treated as 
described for the WSF-exposed f i sh .  

The AHH a c t i v i t i e s  were measured by adaptations o f  
(1) a ~uorometric method of DEHNEN et. al. (1973), and 
(2) a "~C-labeled substrate method of DEPIERRE et. al. 
(1975). The fluorometric method was performed on 15,000 
x g (15 min) supernatant f ract ions of l i vers  from f ish 
exposed to the WSF. The supernatant f ract ion was 
obtained from homogenates of l part l i ve r  and 9 volumes 
of ice-cold 0.25 molar sucrose so lu t ion .  Homogenization 
was performed with a teflon-coated pestle in a Po~er- 
Elvehjem grinder held in an ice-water bath. The ~"C- 
label l ing method was performed on 0.25 M-sucrose 
suspensions of microsomes from l i ve rs  of f ish fed PCB's 
and PBCO in diets.  The labelled substrate, [7,10-14C] - 
benzo[a]pyrene (21 mCi/mmole, Amersham/Searle, Arl ington 
Heights, I l l . ) ,  was extracted with 0.25 M-NaOH in 40% 
(v/v)  ethanol to lower the background of assay blanks. 
Preliminary AHH assays established optimum conditions 
of 25~ and pH 7.4 for coho salmon hepatic microsomes. 
These conditions agree with f indings of BUHLER and 
RASMUSSON (1968) and PEDERSEN et. al .  (1974) for 
salmonids. The microsomes were prepared by homogenizing 
l part l i ve r  and 4 volumes of ice-cold 0.25 M-sucrose, 
centr i fuging at 9,000 x g (20 min), and sedimenting 
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microsomal p e l l e t s  by c e n t r i f u g i n g  the 9,000 x g 
s u p e r n a t a n t  f r a c t i o n s  a t  I 00 ,000  x g (60 min) .  A l l  
c e n t r i f u g a t i o n s  were done a t  3~176  

RESULTS AND DISCUSSION 

Analyses i n d i c a t e d  t h a t  the e x p e r i m e n t a l  f i s h  
were exposed i n i t i a l l y  to a maximum of  WSF compounds a t  
150 p a r t s - p e r - b i l l i o n  (ppb,  10 -9 g /ml )  and 15 ppb, 
r e s p e c t i v e l y ,  in  5% and 0.5% d i l u t i o n s  o f  the WSF s tock  
s o l u t i o n ;  however,  the a e r a t i o n  o f  these d i l u t e  
s o l u t i o n s  r e s u l t e d  in losses  o f  the v o l a t i l e  components.  
In o rder  to e s t i m a t e  these l o s s e s ,  an expe r imen t  
w i t h o u t  f i s h  was c a r r i e d  out  on a s e r i e s  o f  2 0 - 1 i t e r  
q u a n t i t i e s  of  the 5% d i l u t i o n  o f  WSF s tock  s o l u t i o n .  
S p e c t r o p h o t o f l u o r o m e t r i c  ana lyses  o f  e x t r a c t s  f o r  
v a r i o u s  t ime pe r i ods  i n d i c a t e d  t h a t  60-65% of  the 
d i s s o l v e d  components were l o s t  d u r i n g  the f i r s t  3-5 hr 
o f  a e r a t i o n ;  the c o n c e n t r a t i o n  o f  WSF remained c o n s t a n t  
between 5 and 71 hr .  

ANDERSON e t .  a l .  (1974) r e p o r t e d  80-90% loss  o f  the 
hydrocarbons  from a WSF of  pe t ro leum in 24 hr by g e n t l e  
a e r a t i o n .  The components o f  WSF which remained a f t e r  
24 hr i n c l u d e d  n o n v o l a t i l e  a l i p h a t i c  and a roma t i c  
hyd roca rbons ,  which are "accommodated" perhaps in  
c o l l o i d a l  form r a t h e r  than s o l u b i l i z e d  (BOEHM and QUINN, 
1974; LEE e t .  a l . ,  1974; GORDON e t .  a l . ,  1973).  BOYLAN 
and TRIPP (1971) i n d i c a t e d  t h a t  a v a r i e t y  o f  m e t h y l a t e d  
naph tha lenes  and p o l y a l k y l a t e d  benzenes are found in  
~eawater  e x t r a c t s  of  pe t ro leum p r o d u c t s .  These f a c t s  
are i m p o r t a n t  when c o n s i d e r i n g  the na tu re  o f  the WSF 
used in  the p r e s e n t  e x p e r i m e n t s ,  s ince  no q u a l i t a t i v e  
i n f o r m a t i o n  was o b t a i n e d .  A c c o r d i n g l y ,  in  essence,  the 
f i s h  were exposed to the rema in ing  n o n v o l a t i l e  
hydrocarbons  f o r  the 6-day exposure  p e r i o d .  

The h e p a t i c  AHH a c t i v i t i e s  o f  the f i s h  exposed to 
WSF are g iven  in  Table I .  The AHH a c t i v i t i e s  are 
r e p o r t e d  ( s e p a r a t e l y  and combined) a c c o r d i n g  to the sex 
o f  the f i s h  and f o r  the t o t a l  g roup.  There was no  
s i g n i f i c a n t  d i f f e r e n c e  found from the AHH data r e l a t i v e  
to the sex o f  f i s h .  No s i g n i f i c a n t  d i f f e r e n c e  was 
found when comparing ANH a c t i v i t i e s  in  15 ppb-WSF- 
exposed f i s h  and c o n t r o l  f i s h .  However, t he re  was 
s i g n i f i c a n t  (O.OI<P<O.05) enhancement o f  AHH a c t i v i t y  
w i t h  f i s h  exposed to 150 ppb WSF r e l a t i v e  to t h a t  f o r  
c o n t r o l  f i s h .  The data on w e i g h t s  and l eng ths  o f  f i s h  
(Table I )  i n d i c a t e  t h a t  the t h ree  groups are comparable 
w i t h  r e s p e c t  to these parameters  

PAYNE and PENROSE .(1975) found t h a t  pe t ro leum 
induces the AHH in  t i s s u e  homogenates from l i v e r  and 
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g i l l s  of brown t r o u t  (Salmo t r u t t a )  and cape l in  
(Ma l lo tus  v i l l o s u s ) .  Hepat ic AHH a c t i v i t y  has been 
shown to be h igher  in f i s h  taken from petro leum- 
contaminated s i t e s  than in f i s h  taken from con t ro l  s i t e s  
(PAYNE, 1975). 

Two separate exper iments i n v o l v i n g  PCB's w i th  PBCO 
in the d i e t  were ca r r i ed  out w i th  young coho in f resh  
water .  The r e s u l t s  are repor ted  in Table 2. The s izes 
of the f i s h  are comparable to those used in the 
exposures to the WSF. In Experiment I ,  two l i v e r s  of  
the cor responding sex were combined fo r  assays where 
poss ib le .  I n d i v i d u a l  l i v e r s  were assayed in Experiment 
2. A c t i v i t i e s  of  the AHH enzyme system in l i v e r s  of  
males and females were compared, and no s i g n i f i c a n t  
d i f f e r e n c e  between sexes could be e s t a b l i s h e d .  As w i t h  
the seawater exposures,  comparisons were made among the 
combined female-male exposure groups. S t a t i s t i c a l  
ana l ys i s  of  var iance  (SOKAL and ROHLF, 1969) showed t h a t  
there were d i f f e r e n c e s  among the contaminant  d i e t a r y  
exposures,  which had a s i g n i f i c a n t  (P<O.05) e f f e c t  on 
the hepat ic  AHH a c t i v i t y .  S t a t i s t i c a l  t - t e s t  analyses 
showed s i g n i f i c a n t  d i f f e r e n c e s  in hepat ic  AHH a c t i v i t i e s  
fo r  PBCO-fed f i s h  compared to f i s h  fed the m ix tu re  of  
PCB's and PBCO in both Experiment 1 (P<O.05) and 
Experiment 2 (P<O.IO) (Table 2) .  A lso,  in Experiment 2, 
there were s i g n i f i c a n t  d i f f e r e n c e s  (P<O.05) comparing 
PCB-fed f i s h  to con t ro l  f i s h ,  as wel l  as d i f f e r e n c e s  
(P<O.OI) comparing mixed PCB/PBCO-fed w i t h  con t ro l  f i s h .  
A l l  o ther  comparisons did not show s t a t i s t i c a l l y  
s i g n i f i c a n t  d i f f e r e n c e s  in AHH a c t i v i t i e s .  The wide 
range of values fo r  AHH a c t i v i t i e s  repor ted  in Table 2, 
and by o thers  (PEDERSEN e t .  a l . ,  1976; PAYNE and 
PENROSE, 1975), may s imply r e f l e c t  na tu ra l  b i o l o g i c a l  
v a r i a b i l i t i e s  among i n d i v i d u a l  f i s h .  

LITTERST and VAN LOON (1974) ,  TURNER and GREEN 
(1974),  and o thers  found t ha t  PCB's are inducers of 
x e n o b i o t i c  enzymes in animals.  In some cases, PCB's are 
more powerful enzyme inducers than DDT and phenobarb i ta l  
(LITTERST and VAN LOON, 1972); the l a t t e r  compounds have 
been w ide l y  s tud ied  in the i n d u c t i o n s  of drug-  
me tabo l i z i ng  enzymes (CONNEY e t .  a l . ,  1973). GROTE e t .  
a l .  (1975) showed tha t  metabol ism of f o r e i g n  compounds 
is  a l t e red  in animals a f t e r  t rea tment  by PCB's. PAYNE 
(1975) repor ted no i n d u c t i o n  of benzo[a ]pyrene 
hydroxy lase in rainbow t r o u t  exposed to c h l o r o b i p h e n y l s  
( A r o c l o r ~ l O l 6 ) .  GRUGER e t .  a l .  (1976) r e p o r t  the 
i n d u c t i o n  of an AHH system in coho salmon by a 
pen tach lo rob ipheny l .  
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CONCLUSIONS 

I .  Hepat ic  AHH is induced in coho salmon exposed 
to 1 ppm PCB's in the d i e t ;  however, comparable 
exper iments  w i th  1 ppm of Prudhoe Bay crude o i l  d id not 
s i g n i f i c a n t l y  a l t e r  the AHH a c t i v i t i e s .  These f i n d i n g s  
suggest  t h a t  in aqua t i c  f ood -cha ins  c o n t a i n i n g  both 
pet ro leum hydrocarbons and PCB's, the l a t t e r  compounds 
may exer t  a predominant i n f l u e n c e  on the i n d u c t i o n  of  
the hepa t i c  AHH enzyme system. 

2. Desp i te  the lack of i n d u c t i o n  of  hepa t i c  AHH 
w i th  1 ppm Prudhoe Bay crude o i l  in the d i e t ,  young coho 
salmon exposed to 150 ppb (0.15 ppm) of a seawater -  
so lub le  f r a c t i o n  f o r  6 days e x h i b i t e d  a s i g n i f i c a n t  
i n d u c t i o n  of t h i s  enzyme system. Thus, crude o i l  
components of r e l a t i v e l y  high water  s o l u b i l i t y  ( e . g . ,  
methy la ted  naphtha lenes and p o l y a l k y l a t e d  benzenes) may 
be more e f f e c t i v e  than high mo lecu la r  we igh t  i n s o l u b l e  
components in induc ing  AHH. 
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