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The increased use of various chemicals, including heavy metals, 
pesticides and surfactants, is known to contaminate the environ- 
ment. The presence of contaminants in the aquatic enVironment is 
a major problem in fish, since these substances seem to produce 
many physiological and biochemical changes by alterations in the 
activities of several enzymes and the contents of essential 
metals. 

Metallothioneins (metal-binding proteins(MBP)) are low molecular 
weight proteins which are consideredto play an important role in 
the metabolism of essential or toxic metals. These metallothio- 
neins have been extensively studied in manlaals(~gi and Nordberg 
1979; K~gi and Kojima 1987) and observed also in a variety of 
marine invertebrates(Roesijadi 1980). 

On the other hand, a family of hemoproteins known as cytochroee 
P-450, which is known to perform a major role in the metabolism of 
various agents, has been also investigated in fish as a criterion 
for monitoringwater pollution. In addition, this enzyme is well 
known to be induced by various chemicals in fish as well as 
marsnals (Elcombe and Iech 1979; Stegeman et al. 1981). However, 
very little information is available concerning the effects of 
environmental pollutants on the activity of heme oxygenase, the 
first and rate-limiting enzyme for heme degradation. To 
investigate the nature of heme oxygenase is of particular interest 
in that if heme oxygenase activity is altered by contaminants, 
that may contribute to the effect on physiological changes of heme 
and hemoprotein P-450. 

In this study we investigated the effects of heavy metals, pesti- 
cides and surfactants on the MBP and the heme oxygenase in the 
hepatopancreas and kidney of a fresh water red carp(Cyprinus 
carpio Linn› 

MATERIALSANDMETHODS 

Cadmium chloride(CdCl2), lead acetate(Pb(CH3000) 2 �9 3H20), O,O- 
diethyl- O-(2-isoprop9l-6-methyl-4-pyrimidinyl) p~osphorothioate 
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(diazinon), o-sec-butyl-phenyl-N-methylcarbamate (BPMC), sodium n- 
dodecyl-benzenesulfonate (LAS) and other chemicals used were of 
the highest grade quality purchased from Wako Pure Chemical 
Industries Ltd.,(Osaka, Japan). Polyoxyethyleneglycol nonylphenyl 
ether(Emulgen 913) was obtained from Kao Co., Ltd.,(Tokyo, Japan). 
D-Glucose-6-phosphate and D-glucose-6-phosphate dehydrogenase were 
purchased from Boehringer Mannheim-Yamanouchi Co., Ltd., (Tokyo, 
Japan), and NADP was obtained from Oriental Yeast Co., 
Ltd.,(Tokyo, Japan). Red carp weighing 280-340g obtained from a 
fish farm in Nagasaki were used for all experiments. After an 
acclimation period of 3-5 days, fish were placed into each 45 L 
aquarium(4-5 fish/aquarium, 4-5 aquariums used) with aerated, 
filtered and recirculated water at a temperature range of 21 to 29 
~ Four to five fish per each dosage group were 
intraperitoneally injected with chemicals dissolved in 0.9% 
saline (CdCl2, LAS and Emulgen 913), in distilled water 
(Pb(CH~CDO) 2 ) and in corn oil(diazinon and BPMC) at I ml(CdCl2, 
Pb(CH3OE) 2 , diazinon and BPMC) and 2 ml(Emulgen 913 and LAS) per 
dose per kg, respectively. Control fish were injected with 
either saline, distilled water or corn oil alone at their re- 
spective corresponding volume per kg of fish. Fish were fed a 
co~~nercially available diet once daily during experiments. A 
daily half-volume change of water was performed. Three days 
after the injection of chemicals fish were killed and the hepato- 
pancreas and kidney irmnediately removed, washed and weighed. The 
hepatopancreas and kidney were homogenized with 4 volumes of 0.25M 
sucrose in a Potter-Elvehjem homogenizer with a teflon pestle. 
Preparation of the 105000xg soluble fraction and microsomes were 
carried out by the procedures described by Arizono et ai.(1982) 
and Ariyoshi et al. (I 970). 

Content of MBP in 105000xg soluble fraction was estimated as 
described by Onosaka et al. (1978). Protein concentration was 
measured by the method of Lowry et al. (1951) using bovine serum 
albumin as a standard. Heme oxygenase activity in microsomes was 
determined by the method of Maines and Kappas(1976). 

RESULTS AND DISCUSSION 

In preliminary time-course experiments, i.p. injection of CdCl 2 in 
red carp revealed that a maximum concentration of cadmium(Cd[ in 
tissues such as hepatopancreas, gills and bone was noted at 3 days 
after the injection. Therefore, in this study all fish used were 
sacrificed 3 days after the injection of chemicals. 

Table I shows the results of experiments carried out at different 
doses of CdCl 2 or Pb(CH3CO0) 2. In a single dose of 3mg/kg of 
CdCI2, MBP content showed a remarkable increase of 6.1- and 7.2- 
fold in the hepatopacreas and kidney when compared with controls. 
However , that content was reduced with increasing doses 4.Smg/kg 
of CdCI 2 or higher. This seems to be due to the development of 
acute t?gxicity at the high dose of CdCI2, as we observed toxic 
phenomena in some fish such as decrease of ratio of hepatopancreas 
weight to body weight, abdominal inflation and weak necrosis of 
the kidney by that treatment. Administration of Pb(CH3000) 2 
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at a dose of 75mg/kg increased the MBP content 2.4-fold in the 
hepatopancreas as compared with the control. In the kidney there 
was no significant change in MBP content at any of the doses 
used. This difference in inducing potency for MBP by CdCl 2 or 
Pb(CH3COO) 2 treatment may be attributed to the differences in the 
pharmacokfnetics or specific organ affinity in both metals, 
although lead and other metals can induce the metallothionein in 
the liver of mammals(Suzuki and Yoshikawa 1976; Arizono et al. 
1 982 ). 

Heme oxygenase activity was greatly enhanced in the hepatopancreas 
after the treatment with CdCl 2 at a single dose of 3.0 or 
4.5mg/kg, and was also stimulatecq slightly but significantly by 
Pb(CH3OE) ~ injection. This finding agrees with the results 
reported in the liver of manmals(Maines and Kappas 1976; Ariyoshi 
1981). On the contrary, heme oxygenase activity in the kidney 
was depressed appreciably by CdCl 2 treatment, whereas no 
alterations were observed in that activity by Pb(CH3COO) 2 injec- 
tion. 

The effects of the treatments with respect to two pesticides, 
diazinon and BPMC, and two surfactants, Emulgen 913 and LAS, on 
the MBP content and the heme oxygenase activity in red carp are 
sun�9 in Tables 2 and 3, respectively. Although phosphoro- 
thioate diazinon increased the MBP content in the kidney, there 
were no remarkable differences in that content in the hepatopan- 
creas. In addition, no appreciable changes were found in the MBP 
content in both tissues by the injection of carbamate BPMC at all 
doses used. On the other hand, we observed that non-ionic 
surfactant Emulgen 913 decreased the MBP content in the hepato- 
pancreas, whereas that content in the kidney showed the tendency 
to be increased. Furthermore, we obtained similar effects on 
the MBP content after the injection of LAS. In general, MBP is 
known to be induced by metal treatments or physiological stresses. 
It is unknown whether the effect of surfactant on MBP content in 
fish tissues is specific or not. Comparative studies in mammals 
will be needed. 

Heme oxygenase activity in the hepatopancreas was depressed by the 
injection of diazinon at doses higher than 50mg/kg, whereas that 
activity in the kidney was enhanced at the highest dose of 
100mg/kg. However, BPMC did not affect that activity in both 
tissues at the doses used. In contrast, both surfactants used 
suppressed the heme oxygenase activity in the kidney, while we 
observed no significant changes in the hepatopancreas. In a 
preceding paper(Ariyoshi et al. 1990), we observed a good recip- 
rocal correlation between heme oxygenase activity and cytochrome 
P-450 content in the hepatopancreas of red carp by CdCI 2 treat- 
ment, whereas there are no close relations between that activity 
and P-450 content by the treatment with BPMC or LAS. These 
findings suggest t_hat the changes of heme oxygenase activity by 
the chemicals used in this study, except for CdCl 2, are not linked 
to the degradation of P-450 heme. This difference in tissue 
responsiveness to chemical induction of heme oxygenase may reflect 
differences in chemical binding affinities and in cellular content 
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of some functional groups which complex and block chemicals. 
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