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Several mutagenic assay systems using bacteria have been developed
as pre-screening methods for the detection of carcinogens from the
industrial and the environmental materials (Kada 1975; Green and
Muriel 1975; Beardmore 1980; Suter and Jaeger 1982). A Tiver homo-
genate, so-called S9 (supernatant at 9000 x g), prepared from the
Tivers of rat, mouse or golden hamster, which were administered a
certain chemical such as polychlorinated biphenyl (PCB), pheno-
barbital, 3-methylcholanthrene and flavone is used for the meta-
bolic activation in these systems. Recently, it was demonstrated
that the activity of microsomal mixed function oxidase and the
content of cytochrome P-450 in fish was increased by exposure to
these chemicals (Bend et al. 1977; Usui and Fukami 1978; Elcombe
and Lech 1979; Kachole et al. 1979; Stegeman 1980; Gooch and
Matsumura 1983) and environmental pollutants (Payne 1977; Stegeman
1978; Kurelec et al. 1979) as observed in mammals.

Several mutagenic and carcinogenic substances were isolated from
samples of sediment, sea water and marine fish from the estuary
area in which a high incidence of croaker nibe (Nibea mitsukurii)
skin tumors were observed (Kinae et al. 198la; Kinae et al. 1981b;
Kimura et al. 1984; Kinae et al. 1986). But, the incidences of
other fish diseases in the coastal area were not significant from
those of the control areas. These results suggest that nibe has a
high metabolic potency against the xenobiotics and are induced the
tumor by these materials.

In this paper, we report the comparison of liver microsomal
enzymic activities of nibe and carp (Cyprinus carpio), freshwater
fish, as well as that of rat with or without PCB administration.
We also describe an application of 1iver homogenates to the bacte-
rial mutagenicity test developed by Ames et al.{1975).

MATERIALS AND METHODS

4-Nitroquinoline-1-oxide (4NQQ) and benzo(a)pyrene (BaP) used as
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reference compounds were purchased from Aldrich Co. 3-Hydroxy-
benzo(a)pyrene (3-OH-BaP) was kindly supplied by Dr. Hiroo
Kinoshita, Kyushy University, Japan.

A rat Tiver S9 and the S9 mix were prepared from Sprague-Dawley
rat (200 g body wt.) according to the method of Ames after the
admin;stration of PCB, Kanechlor 500 (10% olive 0il soln. 500
mg/kg).

Each five individuals of nibe (80-120 g body wt.) from the non-
polluted water or carp (200-250 g body wt.) from the hachery were
intraperitoneally administered Kanechlor 500 (10% olive o0il soln.,
250 mg/kg) 2 times on the first and the third days. During
experimental period, the animals were fed freely. After 3 days of
the second administration each animal was sacrified and dissected
the Tiver of nibe or the hepatopancreas of carp. The preparation
of S9 and S9 mix was done using the same method as that of the rat
samples. In the preparation of microsome, an S9 isolated above was
centrifuged at 105,000 x g for 60 min. The residue was rinsed with
%.15% Kg] and then suspended into 100 mM phosphate buffer solution
pH 7.4).

The AHH activity of the liver homogenates, S9 and microsome, was
measured according to the method of Nebert and Gelboin {(1968).

An aliquot of the sample was mixed with Tris-HC1 buffer solution
(pH 7.5) containing BaP, NADPH and MgCl,. After the incubation

of the reaction mixture at 37°C (rat) or 28°C (fish) for 30 min,
the reaction was stopped by the addition of acetone and then
treated with n-hexane and 1IN NaOH solution. For the determination
of the content of 3-0H-BaP formed in each sample, the fluorescent
intensity was measured at the wavelengths of the excitation at 396
nm and the emission at 522 nm,

The content of cytochrome P-450 was measured according to the
method of Matsubara et al.(1976) and was calculated by the follow-
ing equation. 1 -1
P-450(nmole/g tissue) = (0Dg50-0D490) x 1000/104 mM “cm = x A.
A is protein content of the sample determined by the Lowry method.

Salmonella typhimurium strains TA98 and TA10O were kindly provided
by Dr. B.N.Ames of University of California, U.S.A. The mutagenic
assay of each chemical was carried out according to the method of
Ames et al.(1975) with some modification (Yahagi et al. 1977).

BaP was dissolved in dimethylsulfoxide (DMSO) at an appropriate
concentration, and then subjected to the test with and without
metabolic activation using S9 or microsomal preparation. The
number of Hist revertant colonies exhibited the mean values of
three plates.

RESULTS AND DISCUSSION

Simply state that the fluorescence and the excitation spectra of
BaP was changed by the action of S9 Tiver fractions prepared from
PCB-administered rats and nibes as shown in Fig., la and b. These
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Figure 1. Fluorescent spectra of benzo(a)pyrene after treatment
with rat and nibe S9. : fluorescent spectra kept at 522 nm.
---------- : fluorescent spectra excited at 396 nm.(sensitivity 11x 10)
RI : relative intensity

spectra were very similar with that of 3-0H-BaP shown in Fig lc
and they were not present before treatment with the 1iver S9.

We determined the AHH activity and the content of cytochrome P-450
in the Tiver homogenates from fishes as well as those from rat
(Table 1). The AHH activity of the Tiver S9 from nibe and carp
increased 1.2 - 5 times by the PCB treatment. The activity of each
microsome were 3 - 5 times higher than that of S9. But the values
of the AHH activity and the P-450 content of the liver samples
from carp and nibe were very low compared with those of rat. These
results suggest that aquatic animals such as nibe and carp can
metabolize the xenobiotics, but the metabolization potency was one
third to one tenth of that of rat.
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Table 1 AMH activity and cytochrome P-450 content in the liver
samples from fish and rat

Samples PCB-treatment AHH activitya) Cytochrome P-450

(nmole/mg protein) (nmole/g)
Nibe S9b) - 0.50 1.71
+ 2.53 7.12
Nibe MC) - 1.38 2.53
+ 3.91 16.9
Carp S9 - 1.21 0.99
+ 1.60 2.70
Carp M - 3.55 2.70
+ 9.17 12.2
Rat S9 + 9.87 11.6
Rat M + 1060 1260

a) 3-hydroxybenzo(a)pyrene formed b) supernatant at 9000 x g
¢) microsome fraction

Table 2 Mutagenic activity of benzo(a)pyrene after incubation
with liver S9 from PCB-administered animals

Strains S9 content Mutagenicity Specific activity
(p1) (Net His* revs.) (Revs./mg protein)

TA98 Nibe( 50) 99 85

v (100) 299 256

Carp( 50) 62 62

" (100) 90 90

Rat ( 50) 463 691

* (100) 750 1119

TA100 Nibe{ 50) 216 185

" (100) 820 703

Carp( 50) 89 89

" (100) 95 95

Rat ( 50) 889 1327

" (100) 825 1179

Five pg of BaP was used per plate. The control values (TA98, 42;
TA100, 100) were subtracted.

We tried to use liver S9 prepared from PCB-administered fish as a
tool of the metabolic activation in the Ames test. The mutagenic
activity of BaP with S9 from rat and fish was shown in Table 2.
In both strains, His™ revertant colonies of BaP were induced as
the amount of S9 increased in three animals. At the dose of 5 ug
of BaP, 820 revertants were induced in the S.typhimurium TA100 by
using 100 ul of nibe S9. The induction effect of mutagenic activ-
ity of each liver S9 was proportional to their AHH activity and
the P-450 content. From these experiments, it was found that the
metabolization potency of the nibe liver S9 against BaP was not
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superior to that of rat, but it was 2 - 2.5 fold higher than that
of carp.

Recently, an application of fish liver S9 to the mutagenicity test
was discussed(Guobaitis et al. 1986; Milling and Maddock 1986).

We are trying to examine the mutagenic activity of several envi-
ronmental contaminants by using these fish liver S9. The data will
be presented in the next paper.
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