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The aquatic env$ronment is subiect fo a heavy and diverse 
pol lutant  loading, pa r t i cu la r l y  in i ndus t r i a l  d i s t r i c t s .  The 
response to th is  loading by aquatic animals is large ly  un- 
known. An enzyme system that  in mammals responds readi ly  fo 
the presence of foreign chemicals is the mixed function mono- 
oxygenase (MFO) system, the very enzymes involved in the e l i -  
minat$on of foreign compounds. The MFO enzymes are tnduced 
by a large number of xenobiotics thus increasing the rate of 
t he i r  e l iminat ion (REHMER, 1972). On the other hand certa in 
hepatotoxic compounds and ' d i r t y '  envtronment have the oppo- 
s i te  ef fect  according %o SASAME et a l .  (1968) and. VESELL et 
a l .  (1973). I f  has been reported by DEWAIDE (1971) and PAYNE 
and PENROSE (1975) that f ish in polluted water have a higher 
in v i t r o  capacity fo metabolize foreign compounds than those 
in clean water. In th is  study pike (Esox lucius L.) from 
heavily pol luted Lake Vat ian i~rv i  in the central 'F$nland were 
studied and a large ly  opposite resul t  is obtained. 

Ma%erials and methods 

The p$ke (Esox luc$us L.) used in th is  s%udy were caught 
wi%h bag-ne• or weir in May 1975o The follow$ng %wo groups 
were studied: Experimen%al @roup consis%ed of p$ke caught 
from Lake Vat$anj• Th$s lake is heav$1y polluted by mixed 
ef f luents from pulp and chem$cal fac• (sulpha%e and sul-  
ph$%e processes, bleach$ng e tc . )  and human communi%$es in %he 
town of ~~nekosk$ (about 20 km upw from the Lake Vatian- 
j~rv$; population of about 20,000). The f$sh were t ransferred 
in to  1 sq. m (0.4 cub. m) aquaria of Varia Fish Research 
Station (VERS). The water supply (about 8 1/min/aquarium) was 
s t ra ight  from the polluted lake. Water temperature was 7.5+ 
0.5 ~ (the same as in the lake) and the 02 concentration - 
varied between 75. and 85 ~ of saturat ion.  For fu r ther  de ta i l s  
on water qua l i t y  see OZKARI and SOIVIO (1976). 
Control 9roup consited of pike caught from Vanhaselkd in the 
Lak'e 'P~ijdnne, which is considered : e l a t i ve l y  unpolluted 
according fo HATTULA (1973). The f ish we:e transported fo 
Laukaa Fish Culture Research Station (LFCRS) (about 70 km) in 
oxygenated water tanks. The f ish were allowed fo recover fo r  
one week af 7.6+0.2~ in 4 sq. m f tbre  glass tanks wh$ch had 
t h e i r  water supplied af about 50 1/min from the unpolluted 
Lake Perunkai~:vi.  The 02 content of the water varied between 
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75 and 85 % of saturation (OIKARI and SOIVIO, 1976). 

Pikes of bath groups (weighing from 500 fo 2500 g and of 
bath sexes) were handled and sampled i d e n t i c a l l y  as described 
elsewhere by OIKARI and SOIVIO (1976). The f i sh  were stunned 
by a blow on the head, the l i v e r s  were excised, subsequently 
to blood sampling, wi thout a delay, wrapped in aluminium r a i l  
and immersed in l i qu id  n i t rogen fo r  storage and t ranspor t .  

The l i v e r s  were thawed and homogenized by using a Pot ter -  
Elvehiem homogenizer fo give a homogenate in 0 .1M Na/K phos- 
phate bu f fe r  (pH 7.4) conta in ing 200 mg l i v e r  per ml of homo- 
genate. Mitochondria, nuclei  and ce l l  debris were sedimented 
by cen t r i f uga t ion  af 10,000 x g fo r  20 min. Microsomes were 
obtained from the 10,000 x g supernatant by re -cen t r i f ug ing  
i f  af 100,000 x g fo r  60 min. 

Assays fo r  cytochrome P-450 and NADPH-cytochrome c reduc- 
rase were car r ied  out acco™ to the methods of GREIM et a l .  
(1970) and MASTERS et a l .  [1967), respect ive ly .  The 3,4-benz- 
pyrene hydroxylase qc t i v™ was measured by the method of 
NEBERT and GELBOIN (1968), aminopyrine N-demethylase was 
measured by the method of NASH (1953), an i l i ne  hydroxylase 
was measured by the method of KATO and GILLETTE (1965) and 
l ipoperox ida t ion  was determined according fo GHOSHAL and 
RECKNAGEL (1965). 

Cytochrome P-450 and NADPH-cytochrome c reductase deter -  
minations were carr ied out et room tempera• The incuba- 
t ion temperature fo r  the other assays was 30 ~ which was 
establ ished fo be near the optimal temperature fo r  pike as 
wel l  as fo r  several other species of f i sh .  

Results and discussion 

The results are compiled in the table I. The overall 
trend, contrary fo what was round by DEWAIDE (1971) and 
PAYNE and PENROSE (1975), was that the fish from the polluted 
water showed a reduced in vitro MFO capacity. The 3,4-benz- 
pyrene hydroxylase activity was low in al l  fish in campa- 
tison fo results obtained with trout or rat (AHOKAS et al. ,  
1975), but in the fish of the polluted Lake Vatian)~rvi the 
activity was only I/6 of the actlvi ty in the control pike. 
Also aminopyrine N-demethylase activity in the fish from the 
polluted water was only about 70 ~ of that of the control 
fish. The differences in the aniline hyd~oxylase activity 
were not statistically significant. The above could be an 
indication that the pollution in the Lake Vatiani~rvi is of 
a nature causin s hepatotoxic effects leading fo reduced MFO 
capaci ty.  

More de ta i lea  investgat ion of the subce l lu la r  f rac t ions  
ind ica te  that  there is  a decreased amount of cy%ochrome P-450 
in the hepatic microsomes of pike from the Lake Vat ian i~ rv i .  
According fo numerous models e.g. VAINIO (1973) cytochrome 
P-450, the terminal  component of the MFO requires NADPH 
dependen% reducing component in a close s t r uc tu ra l  proximity 
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in order fo funct ion normally. This cytochrome P-450 
reductase, measured as NADPH-cytochrome c reductase, cannot 
be removed from the endoplasmic ret iculum wi thout  having an 
impair ing e f fec t  on the a c t i v i t y  of cytochrome P-450 and 
cytochrome P-450 dependent xenobiot ic  ox idat ions.  I t  can be 
noted that  in the case of the Lake Vat ian idrv i  pikes a large 
amount of NADPH-cytochrome c reductase has been released 
in to  the 100,000 x g soluble f r ac t i on .  The measurable t o t a l  
NADPH-cytochrome c reductase a c t i v i t y  is  higher in the 
experimental group. Calcu la t ing these values per mg of re- 
covered protein does not a l t e r  •he resu l ts  as t here is  no 
marked var ia t ion  in the protein contents. This f ind ing  is  
s im i l a r  to what has been round wi th •he e f fec ts  of carbon 
te t rach lo r i de  in mammals where NADH-cytochrome c reductase 
was released from the endoplasmic ret iculum to the extent 
that  i f  was detectable in blood (YAHAMOTO et a l . ,  1973). 
Lipoperoxida~ion has been a t t r i bu ted  to cause s o l u b i l i z a t i o n  
of NADPH-cytochrome c reductase from the endoplasmic r e t i c -  
ulum in a s im i l a r  way (HOGBERG et a l . ,  1973). The fact  that  
no appreciable amount of cytochrome P-450 is  found in •he 
100,000 x g soluble f rac t ion  of e i t he r  the cont ro l  or Lake 
Vat ian jd rv i  f i sh ,  disputes the thought that  soluble f rac t ion  
of the experimental f i sh  l i v e r  was contaminated by less 
eas i l y  sedimen~able microsomes and supports the thought that  
the po l lu t ion  of Lake Vat ian i~rv i  have s im i l a r  harmful 
e f fec ts  as some hepatotoxic chemicals l i ke  carbon t e t r a -  
ch lo r ide .  The release of NADPH-cytochrome o reductase from 
the endoplasmic ret iculum may play a role in the lowered 
monooxygenase a c t i v i t y  Of the f i sh  from the water pol luted 
by e f f l uen t  from wood processing indus t ry .  I f  round 
cons is tent ,  the above f ind ing could be used as an i nd i ca to r  
of the sever i ty  of cer ta in  kind of po l lu t ion  and provide 
a c lear  d i s t i n c t i o n  between ~he po l lu t ion  caused by petroleum 

~ roducts which have been round to cause induct ion of MFO 
PAYNE and PENROSE, 1975). However, i t  must be brought fo 

l i g h t  • pre l iminary exposure studies in which two other 
species of f i sh  (Salmo t r u t t a  l a c u s t r i s  and Salmo @airdneri) 
were exposed to ~~œ234 ~ ~ w - a t e r  fo r  one and four 
week periods, did not develop changes such as those seen in 
pike ch ron ica l l y  exposed to the contaminated waters. 
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