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It is well established that fishhave the ability to metabolize 
foreign compounds in a similar manner to that of mammalian species 
(Adamson 1967). In addition, it is well known that many environ- 
mental and hereditary factors cause changes in the activity of 
microsomal drug metabolizing enzymes in ~ i s  (Conney and BtLrns 
1962, Remmer 1962, Fouts 1963, Conney 1967). However, very 
little is known in fish about the effects of environmental contam- 
inants on the relationship between the activity of heme oxygenase, 
a rate-limiting enzyme in heme degradation, and the content of 
hemoprotein namely cytochrome P-450 (P-450). 

It is of interest to clarify the nature of hepatic heme oxygenase 
because if that activity alters by environmental pollutants, this 
may have serious effects on physiological changes of hemoprotein 
P-450, which is known to play a major role in the metabolism and 
toxicity of xenobiotics. Furthermore, it has been suggested 
that the extent of induction of P-450-1inked mixed function oxi- 
dases in fish may be a useful indicator of water pollution (Payne 
and Penrose 1975). 

Therefore, in the present study, we bave investigated the activi- 
ties of heme oxygenase as well as other drug metabolizing enzymes 
and the content of P-450 in the hepatopancreas of fish as the 
biochemical indicator, and thereby have made an attempt to clarify 
the range of pollution in the aquatic environment. 

MATERIALS AND METHODS 

D-Glucose-6-phosphate, D-glucose-6-phosphate dehydrogenase and 
NADPH were purchased from Boehringer Mannheim-Yamanouchi Co., 
Ltd., (Tokyo, Japan), and NADP and ATPwere obtained fromOriental 
Yeast Co., Ltd.,(Tokyo, Japan). Cadmium chloride (CdCI2) , sodium 
n-dodecylbenzenesulfonate (LAS), o-sec-butylphenyl N-methylcarba- 
mate (BPMC) and other chemicals used were of the highest grade 
quality purchased fromWako Pure Chemical Industries Ltd., (Osaka, 
Japan). Red carps (Cyprinus carpio Linne) weighing 280-340g 
obtained from a fish farm in Nagasaki were used for all experi- 
ments. 

Send reprint requests to T. Ariyoshi at the above address. 
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After an adaptation period of 3-5 days fish were placed into a 45 
L each aquarium (4-5 fish/aquarium, 4 aquariums used) with aerat- 
ed, filtered and recirculated water at a temperature of 23+2QC. 
Fish were fed commercially available diet once daily. 

Fish were intraperitoneally injected with chemicals dissolved in 
0.9% saline (OdCl 2 and LAS) or in corn oil (BPMC) at Iml (CdCI 2 
and BPMC) or 2ml (LAS) per dose per kg. Control fish were in- 
jected with saline or corn oil alone at respective corresponding 
volume per kg. A daily hall-volume change of water was per- 
formed. Three days post injection of chemicals fish were killed 
and hepatopancreas were immediately removed, washed and weighed. 
Hepatopancreas were homogenized with 4 volumes of 0.25M sucrose in 
a Potter-Elvehjem homogenizer with a teflon pestle. Preparation 
of I05000xg soluble fraction and microsomes were carried out by 
procedures described by Arizono et al. (I 982) and Ariyoshi et al. 
( 1 970 ), respectively. 

Hemoprotein P-450 was estimated by the method qf O~ura and Sato 
(1964) using an extinction coefficient of 91mM-'cm-' between the 
absorbance spectra at 450 and 490nm following carbon monoxide 
bubbling. Heme oxygenase activity was calculated from the 
amountAof bilirubin formed by using an extinction coefficient of 
40 mM -! cm -I between 464 and 530nm as discribed by Maines and 
Kappas (1976). 7-Ethoxycoumarin O-deethylase (7-EC) activity was 
measured by recording the fluorescence increase due to the forma- 
tion of 7-hydroxycoumarin as reported by Ullrich and Weber (I 972). 
UDP-Glucuronyltransferase (UDPGT) activity (p-nitrophenol used as 
a substrate) was measured colorimetrically the disappearance of 
p-nitrophenol caused by glucuronidation as described by Storey 
(1965). Phenol sulfate conjugating (PSC) activity (p-nitrophenol 
as a substrate) was measured colorimetrically a methylene blue 
complex according to the method of Roy (I 956). P-450 content 
and all enzymatic activities were reported on a per mg microsomal 
protein (Lowry et al. 1951) based on using bovine serum albumine 
as a standard. 

RESULTS AND DISCUSSION 

P-450 exists in multiple forms which differ with respect to sub- 
strate specificity and degree of inducibility by drugs and other 
chemicals in manrnals (Ryan et al. 1975, Haugen et al. 1975). In 
addition, Elcombe and Lech (1979) reported that benzo[a]pyrene 
hydroxylase activity in trout liver is induced by polycyclic 
aromatic hydrocarbons-type inducers, while ethylmorphine N-demety- 
lase activity which is known to be associated with phenobarbital- 
inducible forms of P-450 in the rat, is hot affected. Although 
it is well known that P-450 and P-450-1inked enzymes in fish are 
present in very low amounts than that of mammals, little informa- 
tion is available on the conjugating ability of enzymes in fish 
treated with pollutants. Therefore, we investigated the P-450 
content and the activities of heme oxygenase as well as drug 
metabolizing enzymes in fish by the treatment with typical pollut- 
ed chemicals such as heavy metal (CdCI2), pesticide (BPMC) and 
surfactant (LAS). 
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The effects of the injection of CdCl 2 at a single dose of I .5,3.0 
and 4.5mg/kg to red carps on heme oxygenase activity, P-450 con- 
tent and drug metabolizing enzymes activities in the hepatopan- 
creas are sun~narized in Table I. Heme oxygenase activity was 
increased with increasing dose of CdC12, whereas P-450 content was 
decreased with dose related when compa-red with that of respective 
control. A good reciprocal correlation was observed between heme 
oxygenase activity and P-450 content (r=0.62, n=12) in this exper- 
iment. This finding agrees with the observation of earlier study 
(Maines and Kappas 1976) which reciprocal relations between heme 
oxygenase activity and the depression of hepatic P-450 content in 
male rats were produced by a number of metals including Cr, Mn, 
Fe, Ni, Co, Cu, Zn, Cd, Hg and Pb. However, the activities of 
other drug metabolizing enzymes in fish except 7-EC in the highest 
dose remained at the control level throughout this dose used. 

Table 2 shows the influences of the treatment with BPMC at a 
single dose of 50, 75 and 100mg/kg to red carps on the biochemical 
parameters. Although P-450 content was significantly depressed 
by treatment, no appreciable differences were round in the activi- 
ties of P-450 dependent 7-EC and of heme oxygenase. This dis- 
crepancy with above findings obtained from CdCl 2 injection might 
be caused by the differences in the metabolism alnd disposition in 
both BPMC and inorganic metal. However, it is of particular 
interest that UDPGT activity was decreased by the injection of 
BPMC at the dose of 75 and 100mg/kg, whereas PSC activity was 
significantly enhanced by all dose used when compared with that of 
respective control. This increase may be due to the adaptive 
induction of PSC enzyme in BPMC metabolism in vivo. Further 
study on the changes in this enzyme in fish after the treatment 
with various chemicals will be needed. 

The effects of LAS, a commonly used anionic surfactant, on the P- 
450 content and the activities of above enzymes in the hepatopan- 
creas of red carps are shown in Table 3. P-450 content and P-450 
dependent 7-EC activity were remarkably depressed by LAS at all 
dose used in this experiment. This finding suggests that LAS may 
exert on the characteristic P-450 species for O-dealkylation 
reaction. On the other hand, the highest dose of LAS enhanced 
PSC activity as compared with control. However , no marked 
changes in the activities of heme oxygeD~se and UDPGT were noted. 

In general, heme and P-450 heme are degraded normally or through 
the action of exogenous substances such as environmental chemicals 
(Schacter and Mason 1974, Guzelian and Elshourbagy 1979, Rosenberg 
et al. 1980, Ariyoshi et al. 1981) and trace metals (Maines and 
Kappas 1976, Kransny and Holbrook 1978, Wood et al. 1979). In 
this study, we observed no close relations between heme oxygenase 
activity and hemoprotein P-450 content by the treatment with BPMC 
and LAS except for CdCl 2. A more detailed studies on the rela- 
tionship between some enzymes activities and environmental contam- 
inants in fish are needed to elucidate the range of pollution in 
the aquatic environment. 
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