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Synthetic surfactants as major constituent of detergent products
are widely used in consumer and industrial fields, and hence
environmental and toxicological investigations of surfactants are
numerous. In the previous study, we observed that intraperitoneal
administration of surfactants such as sodium dodecyl sulfate(SDS),
sodium n-dodecylbenzenesulfonate(IAS) and polyoxyethyleneglycol
nonylphenyl ether (Emulgen 913) to rats depressed the content of
microsomal cytochrome P-450, while they enhanced markedly the
activity of heme oxygenase, the first and rate-limiting enzyme in
heme degradation (Ariyoshi et al. 1990). In addition, we noted an
increase of metallothionein content in the liver of rats treated
with LAS.

In this study, we investigated the effects of surfactants on the
contents of metallothionein, heme and hemoproteins and on the
activities of heme oxygenase and drug-metabolizing enzymes in the
liver of rats pretreated with phenobarbital or @—naphthoflavone.

MATERTALS AND METHODS

Enzymes, cofactor and chemical sources were as follows:D-glucose
-6-phosphate, D-glucose-6-phosphate dehydrogenase and NADPH from
Boehringer-Mannheim-Yamanouchi Co.,Ltd.,(Tokyo, Japan);NADP from

Oriental Yeast Co.,Ltd.,(Tokyo,Japan); cytochrome c and bovine
serum albumin from Sigma Chemical Co.,(St.Louis, USA); §-naphtho-
flavone( @-NF) from Aldrich Chemical Co.,Inc.,(Milwaukee, USA);
Emulgen 913 from Kao Co.,Ltd.,(Tokyo,Japan); SDS,LAS,sodium pheno-
barbital(PB) and other chemicals were of highest grade quality
purchased from Wako Pure Chemical Industries Ltd.,(Osaka, Japan).

Male Wistar rats were used in all experiments. Animals received
normal rat chow and water ad libitum. Rats were generally given
a single intraperitoneal injection of 8DS, LAS and Emulgen 913
dissolved in distilled water at 2 ml per dose per kg of body
weight, respectively. In the case of cytochrome P-450 inducer
pretreatment, animals were intraperitoneally administered PB at
the dose of 80 mg per kg of body weight, dissolved in distilled
water at 2 ml, once a day for 5 days followed by Emulgen 913.

Send reprint requests to T. Ariyoshi at the above address.

120



§ -NF treated animals received 80 mg @—NF per kg of body weight,
dissolved in corn oil at 2 ml, intraperitoneally for 3 consecutive
days followed by surfactant. Control animals received intraperi-
toneal distilled water or corn oil injections at the same time.
Animals were sacrificed 18 hr after the administration of surfact-
ants. The livers were perfused in situ with a cold 0.9% saline
and then removed. The microsomes and cytosol were prepared as
described previously(Ariyoshi et al. 1990).

Methods for determination were as follows———-——- Protein content:
Lowry et al.(1951); metallothionein(MT) content: Onosaka et
al.(1978); microsomal total heme:Schenkman et al.(1973); cyto-
chrome P-450 and br: Omura and Sato(1964); heme oxygenase activi-
ty:Maines and Kappas(1976); DT-diaphorase activity: Ernster
(1967); NADPH-cytochrome c¢ reductase: Omura and Takesue(1970);
aniline hydroxylase : Imai et al.(1966); Aminopyrine demethylase:
Cochin and Axelrod{1959); 7-ethoxycoumarin O-deethylase :Ullrich
and Weber(1972).

RESULTS AND DISCUSSION

Table 1 shows the effects of surfactants used at a single dose of
50 or 100 mg/kg on the contents of cytosolic zinc, MT, microsomal
total heme and hemoproteins and on the activities of heme oxyge-
nase, NADPH-cytochrome ¢ reductase and 7-ethoxycoumarin O-
deethylase. MT content was remarkably increased after the injec-
tion of surfactants in the doses used, and that of zinc also
augmented except LAS treatment when compared with that of respec-
tive control. The results in other measured parameters were
similar in magnitude to that obtained from previous experiment(
Ariyoshi et al. 1990). These results partly agree with observa-
tion of Miura(1987), who demonstrated that intraperitoneal injec-
tion of Emulgen 913(50 or 100 mg/kg) or SDS{25 or 50 mg/kg) sig-
nificantly decreased the cytochrome P-450 content and aminopyrine
N- and p-nitroanisole O-demethylation activities in the liver of
rats, despite of 3 consecutive injections.

Effects of Fmulgen 913 on the contents of zinc and MT and on the
activities of DT-diaphorase and NADPH-cytochrome c reductase in
the liver of rats pretreated with PB or @-NF are shown in Table 2.
PB alone increased the NADPH-cytochrome ¢ reductase activity,
confirming previous reports(Orrenius et al. 1965; Kato 1966), but
had no effect on the other parameters. Pretreatment of rats with
PB decreased the Emulgen 913-induced elevation in the contents of
zinc or MT, but did not exert any significant effects on the
activities of NADPH-cytchrome c¢ reductase or DI-diaphorase in
comparison with PB alone. These results suggest that PB enhanced
Emulgen 913 metabolism in vivo, and consequently might reduce the
contents of surfactant or its metabolites in the liver.

In contrast, @—NF alone markedly increased the activity of DT-
diaphorase, confirm previous finding (Kumaki et al. 1977), and the
content of MT, whereas decreased the activity of NADPH-cytochrome
¢ reductase. The increased MI' content or DI-diaphorase activity
caused by Q—NF were further enhanced by Emulgen 913, while NADPH-
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cytochrome ¢ reductase was depressed as shown in Table 2. These
observations suggest that the alteration of Emulgen 913 metabolism
by B-NF may have some effects on the enhancement of MT' content or
DT-diaphorase activity.

Effects of pretreatment with PB or @—NF on the content of cyto-
chrome P-450 and on the activities of heme oxygenase and drug-
metabolizing enzymes by Emulgen 913 are shown in Table 3. Heme
oxygenase activity remained unaltered by PB injection alone,
although that activity was significantly depressed by @-NF injec-
tion alone. PB pretreatment did not prevent the increase in the
heme oxygenase activity caused by Emulgen 913, but that activity
induced by surfactant was slightly inhibited by (LNF pretreatment.

On the other hand, the contents of cytochrome P-450 were markedly
increased by treatment with PB or @-NF. However, the increased
content of cytochrome P-450 caused by PB was remarkably depressed
by subsequent injection of surfactant, whereas that of enhanced
cytochrome P-450 by B-NF was not affected by surfactant adminis-
tration. This suggests that Emulgen 913 may have a distinct
effect on the cytochrome P-450 isozymes.

PB or Q-NF induced the activities of aniline hydroxylase(114 or
96%), aminopyrine demethylase(135 or 68%) and 7-ethoxycoumarin O-
deetylase(316 or 727%), respectively, when compared with those of
respective control. Combined administration of the PB plus
surfactant caused a further decrease in the activities of aniline
hydroxylase or aminopyrine demethylase than the values obtained by
PB treatment alone. However, the combination of @—NF and surfact-
ant did not cause any notable changes in these activities in
comparison with [>-NF alone. In contrast, no effect was observed
in the 7-ethoxycoumarin O-deethylase activity by combined injec-
tion of the PB plus Emulgen 913 as compared with PB injection
alone. However, the combination of @—NF and surfactant treatment
produced a further decrease in that activity than the values
obtained by B—NF alone. These results suggest that Emulgen 913
has an effect on the affinity of the cytochrome P-450 isozymes for
their respective substrates.

In the previous time-course experiment, Emulgen 913 treatment in
rats revealed that a maximum effects on the contents of heme and
hemoproteins and on the activities of heme oxygenase and drug-
metabolizing enzymes were noted at 18 hr after injection(Ariyoshi
et al. 1990). In the case of dose-relate experiment, animals
were administered Emulgen 913 at a single dose of 25, 50 and 100
mg/kg, and we observed a maximum effects on the above parameters
at the dose of 100 mg/kg(data not shown). In this study, there-
fore, all animals used were sacrificed 18 hr after treatment with
surfactants, and Emulgen 913 was given to animals at a dose of 100
mg/kg. Fram this study we observed the increased MT levels by
surfactants treatment as shown in Table 1. However, this eleva-
tion mechanism in MT content by surfactants is unclear. Our
previous study indicated the enhanced apoenzyme activity of tryp-
tophan pyrrolase by Emulgen 913 treatment(Ariyoshi et al. 1990).
Schimke et al.(1965) reported that glucocorticoid induction of the
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tryptophan pyrrolase activity is associated with an enhanced
synthesis of the apoenzyme. Judging from above report and our
findings, MT induction by surfactants seems to be based upon the
hormone-mediated-type.

Denner et al.(1969) reported that alkyl sulfates administered to
rats were mainly accumulated in the liver and extensively metabo-
lized to butyric acid 4-sulfate as major end-product. In addi-
tion, there is a report in sewage sludge concerning the accumula-
tion of toxic metabolites from nonionic surfactants(Giger et al.
1984). Therefore, several metabolites derived from Emulgen 913,
SDS or LAS may be responsible for the induction of heme oxygenase
activity or the loss of cytochrome P-450 in the liver of rats.
Further study is required to elucidate the effects of small
amounts of surfactants or their metabolites on the above measured
parameters. However, we examined in vitro Emulgen 913 effects on
the cytochrome P-450 and drug-metabolizing enzymes, namely we
added 15-20 mg of surfactant(this amount is calculated as all
accumulated in the liver after administration) to the liver homog-
enates of untreated rats, and prepared the microsomes. No sig-
nificant difference from control value was observed(data not
shown) .

On the other hand, this Emulgen 913 has been extensively used for
the solubilization of cytochrome P-450 and NADPH-cytochrome c¢
reductase from various organs or tissues (Imai 1976; Guengerich
1977; Mayer and Durrant 1979). Judging from this study, it will
be needed a careful use for experimental research although this
surfactant is necessary, useful and important agent.
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