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To confirm the presence of toxic substances in aquatic
environments, various toxicological assays have been
carried out. Latent toxicity cannot be evaluated only
by chemical analysis since natural samples contain
diverse kinds of compounds. On the other hand a
biological assay should be appropriate for evaluating
directly latent toxicity.

Many biological toxic examinations have been conducted
on fish, shellfish, algae, zooplankton and others using
the whole body. The evaluation of river pollution by
benthic organisms inhabiting river beds has also been
attempted many times (Tsuda 1972). Another method for
evaluating of toxicity of environmental samples has been
to use enzyme inhibition in vitro, as reported by
Fritsch et al.(1975), Tyler (1974, 1976a, 1976b), Geve
(1975), Rutherford et al.(1979), Armant et al.(1980)
Flint et al.(1984), Obst(1984a, 1984b). The authors
have investigated the distribution of cholinesterase
inhibitor on the river sediment and evaluated the latent
toxicity of aquatic environment samples (Tabata et al.
1984). The present paper reports the inhibitory effects
of solvent extracts from Tama and Ayase River sediments
on three enzymes: alkaline phosphatase and glucose-6-
phosphate dehydrogenase that diagnose for a functional
disorder of a liver and g-glucuronidase for that of a
kidney used in clinical inspection.

MATERIALS AND METHODS

Sediment samples were collected from surface layers at 8
sites on the Tama River (23 May, 1982) and at 7 sites on
the Ayase River (29 September, 1982) as shown in Fig. 1
and Table 1. The sediments were dried at room
temperature and powdered. Two hundred grams dried
samples were extracted twice every 8 hr with a mixture
of 200 mL n-hexane(Hex) and 100 mL distilled water with
shaking at room temperature. Next, they were extracted
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Figure 1. Sampling stations in the Tama River and
the Ayase River.

Tama River 1. Kawail 2. Mannen 3. Nagata
Hino 5. Koremasa 6. Izumi
7. Maruko 8. Daishi
Ayase River 1. Yawata 2. Ohohashi 3. Kamitoi
4, Sato 5. Ayase 6. Miyashiro
7. Horikiri

using 200 mL ethylacetate(EtAc) and 100 mL distilled
water, and then 200 mL methanol(MeOH). Each solution
was evaporated under reduced pressure below 40°C using a
rotary evaporator. For the enzyme assay, the evaporated
samples were dissolved in dimethyl sulfoxide(DMSO)/butyl
acetate(ButAc) (4/1). The dose of the extracts in
inhibition test were expressed as mg extract/ml
incubation solution. The equivalent concentration of
sediment (mg dry sediment/mL incubation solution) were
calculated from the amount of extracts (mg) from dry
sediments.

The activity of alkaline phosphatase (ALP) was measured
by the following method. A 0.1 mL sample solution and
0.9 mL of a 0.2 mg/mL alkaline phosphatase solution
(from calf intestine, Sigma USA) were mixed and
preincubated for 30 min at 37°C. 2 0.1 mL aliquot of
the preincubated solution was added to a mixture of 3 mL
of 5.5 mM sodium p-nitrophenylphosphate/glycine buffer
solution (pH 10.5). Adsorption was measured at 410 nm
by a spectrophotometer (Hitachi 101 Japan). The
inhibition rate due to the extract was calculated by
comparing the enzyme activity, using the DMSO/ButAc
solution instead of sediment extract.

For the activity of 8-glucuronidase (8-GL), a 0.1 mL
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sample solution and 0.9 mL of a 0.3 mg/mL BA-GL solution
(from bovine liver, Sigma USA) were preincubated for 30
min at 37°C. The preincubated solution (0.1 mL) was
added to the mixture of 0.9 mL of 5.6 mM 4-nitrophenyl-g
-glucopyranosid uronic acid/0.2 M acetic acid buffer (pH
5.0) and incubated for 45 min at 37°C. Then 2 mL of 0.1

N NaOH solution were added. The adsorption of the
solution was measured at 410 nm by a spectrophotometer.
The inhibition rate was measured by the same method as
above. :

The activity of glucose-6-phosphate dehydrogenase (G-6-
PDH) was measured by the following method. A 0.1 mL
sample solution and 0.9 mL of 5.6 g/mL G-6-PDH
solution (Baker's yeast, Sigma USA) were mixed and
preincubated for 30 min at 25°C. The preincubated
solution (0.05 mL) was added to mixture of 2.2 mL of
0.015 mM glucose-6-phosphate/0.05 M tris-HCl buffer
solution (pH 8.1), and 0.75 mL of 0.1 mM NADP solution.
The adsorption of the solution was measured at 340 nm.
The inhibition rate was determined by the same method as
ALP.

Enzyme inhibition test by chemicals was carried out as
follows. The chemicals were listed in Table 2. PCB
(Kanechlor 500) was a gift from Dr. Takeshita of the
Institute of Public Health, Tokyo. Organophosphorous
and organochlorine pesticides were purchased from Poly
Science Co Ltd (USA) and the others from Kanto Chemical
Co Ltd (Japan). They were dissolved in distilled water
or methanol. The inhibition intensities toward ALP, 8-
GL and G-6-PDH were measured by same method as described
above.

RESULTS AND DISCUSSION

The dose-response between enzyme activity and the
sediment of each extract was examined. Fig. 2 shows the
dose response curve for inhibition of A-GL by the
sediment extracts of the Tama River. Enzyme inhibition
was dependent on the extract dose. The same
relationships were obtained for other two enzymes.

Table 1 shows the concentration of the extracts and
sediment with a 50% enzyme activity inhibition (Igg).
In the Tama River, Hex extracts inhibited only G-6-PDH,
showing stronger inhibition at the middle of the stream.
EtAc extracts inhibited the activity of 4-GL and G-6-PDH
especially inhibited at the middle and lower streams.
MeOH extracts inhibited the three enzymes, ALP showing
inhibition only at lower stream.

In the Ayase River, the activities of §-GL and G-6-~PDH
were inhibited by Hex extracts from the upper to lower
reaches. The activities of the three enzymes were
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Figuer 2. 8-Glucuronidase inhibition by ethyl acetate
extracts from the Tama River sediments.
1. Kawail 2. Mannen 3. Nagata 4. Hino
5. Koremasa 6. Izumi 7. Maruko 8. Daishi

inhibited strongly by the EtAc extracts from the lower
stream. A-GL and G-6-PDH activities were inhibited by
the MeOH extract strongly at the lower stream in the
Ayase River.

According to the previous reports, the water and
sediment of the Tama River contained many kinds of
organic compounds, such as phenols, aromatic acids,
fatty acids, pesticide, solvent (Ogura 1975), but the
content of them were not clear. To ascertain the
inhibitory effects of the compounds against the three
enzyme activities, 39 of chemicals which is supposed to
accumulate with water pollution in river sediment were
tested. Table 2 shows I59 values of organophosphates,
phenol compounds, organochlorines, solvents, metals and
various other compounds.

G-6-PDH was the most sensitive enzyme toward the
chemicals and was inhibited by many kinds of organic or
inorganic compounds. Especially it was markedly
inhibited by organochlorine and also by common chemicals
such as fatty acids. A-GL was the second-most sensitive
enzyme toward the chemicals. ALP was inhibited by metal
ions, and weakly so by organophosphate or organochlorine
pesticides, well known to be toxic toward organisms.
Inhibition of ALP activity was observed by chelate
chemicals, such as tartaric acid and o-phenanthroline.

The upper stream of the sampling sites of the Tama River
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is a mountain stream and the river bed consists of sand.
The samples were jet black mud with a bad smell at the
middle and lower streams. This may be caused by the
flow of domestic waste water in the middle stream and
both domestic and industrial waste water in the lower
stream. Regarding the classification of the biological
index using benthos in the Tama River, the upper stream
(up Nagata) was classified as the oligotrophic or 8-
mesotrophic type and the middle and lower streams (below
Hino) as X-mesotrophic and dystrophic types. The river
bed of the Ayase River was jet black mud in the upper to
lower streams and the water was classified as the K-
mesotrophic type (Morishita 1977, 1978). This river was
also polluted by domestic and industrial waste water.
Considering the above, the lower streams of both rivers
may be polluted by artificial pollutants. The enzyme
inhibitions considered to be due to these pollutants
were observed strongly at the lower stream on both
rivers.

Many investigators have reported the inhibition of ALP
activity in liver, kidney and marrow of shellfishes or
mammals by heavy metals or organochlorine compounds
(Dhavale and Masurekar, 1986). Miszta (1986) also
reported the inhibition of rat marrow G-6-PDH activity
by nickel. In this study, ALP, 8-GL and G-6-PDH were
inhibited by the extracts from the Tama River sediments.
The enzymatic toxicity of the sediment may affect the
distribution of benthic organisms.
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