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Aryl hydrocarbons are common environmental con-
taminants originating from many types of industrial
processes. Limited knowledge is available on the meta-
bolic disposition of such xenobiotics encountered by
fish in the aquatic hakitat. Only during the last
decade has evidence for the biotransformation of any
foreign compounds by fish been made available (1,2,3,4).
Many of these studies have utilized the rainbow trout
(salmo gairdneri) as a test organism because of its
wide range and economic importance. Benzpyrene hydrox-
ylase, an enzyme system also referred to as aryl hydro-
carbon hydroxylase (AHH), is a mixed function oxidase
system felt to be an important factor in mechanisms
of chemical carcinogenesis. It has been studied ex-
tensively in mammalian systems, but has not been in-
vestigated in fish. This presentation represents a
preliminary investigation of the biotransformation of
3,4-benzpyrene in various tissues of the rainbow trout.

Experimental

Anadromous rainbow trout (steelhead trout), ori-
ginating from the hatchery of the Washington State
Department of Game at Aberdeen, Washington, were main-
tained in freshwater troughs at temperatures ranging
from 10° to 15°C. Fish were fed trout pellets pre-
pared at the University of Washington (5). Fish ranged
in length from 15 to 20 cm total length and from 2 to
3 years old.

Fish were killed by cervical dislocation and the
livers and other tissues were immediately removed and
placed on ice., Blood was taken with a syringe from the
heart. Tissues from several fish were pooled and homo-
genized in a teflon-glass homogenizer with cold 1.15%
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KCl as follows: blood - 1:3 (v/v); posterior kidney -
1:4 (w/v); heart - 1:9 (w/v); muscle - 1:3 (w/v);

gill - 1:2 (w/v); and liver - 1:2 (w/v). In the case
of blood, whole homogenates were employed in the enzyme
assays. Other tissue homogenates were centrifuged at
10,000 x g for 20 minutes in an I.E.C. refrigerated
centrifuge. The resulting 10,000 x g supernatant frac-
tions were utilized in the incubation systems, except
for hepatic 10,000 x g supernatant fractions which
were further diluted 1:29 with 1.15% Kcl. In some
cases the diluted liver supernatant fractions were
stored for 2-3 weeks at -85°C. This resulted in
approximately a 10% loss in specific activity. Some

of the hepatic 10,000 x g supernatant fractions were
further centrifuged at 104,000 x g for one hour in a
Spinco Model L ultracentrifuge to obtain microsomal

and soluble fractions.

vVarious fish enzyme preparations were incubated in
duplicate with 3,4-benzpyrene in a Dubnoff metabolic
shaking incubator, usually at 28.5°C for 10 to 30
minutes. Unless otherwise stated, reaction mixtures
contained 1.0 ml enzyme, 0.025 mg 3,4-benzpyrene dis-
solved in 0.05 ml acetone, 0.7 mg NADPH, and 0.1 M
potassium phosphate buffer (pH 7.5) in a total volume
of 4.0 ml. Optimum incubation conditions and cofactor
requirements for fish hepatic aryl hydrocarbon hydrox-
ylase activity were determined and utilized in these
experiments.,

In experiments designed to examine inducibility of
the fish hepatic AHH system, three groups of 10 fish
were treated as follows: group one was injected intra-
peritoneally with 10 mg of 3-methylcholanthrene in 0.2
ml corn oil 48 hours prior to sacrifice; group two was
injected with corn oil only; and group three was un-
treated.

The assay method used for determination of benz-
pyrene hydroxylase activity was that described pre-
viously (6). Protein concentrations were determined
by the methods of Lowry, et al. (7)
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Results

Incubation of 3,4-benzpyrene with homogenates of
various trout tissues showed that the liver, posterior
kidney, and heart were capable of converting the sub-
strate to its 8~hydroxy derivative (Table I). Activity

TABLE I
Tissue Distribution of Benzpyrene Hydroxylase Activityl
Tissue preparation umoles 8~hydroxybenzpyrene
formed/gm protein/minute

Blood Not detectalkle

Gill Not detectable

Heart 0.006

Posterior kidney 0.026

Liver 2.404

Muscle Not detectakle

IMixtures were incubated with shaking for 30 minutes
at 28.5 C under an atmosphere of 100% oxvygen.

was not detectable in any of the other tissues examined.
Homogenates or homogenate subfractions which had been
pre-exposed to high temperatures (100°C for 5 minutes)
were completely inactive.

Rates of hydroxylation of 3,4-benzpyrene effected
by preparations of trout liver 10,000 x g supernatant
fraction were found to proceed more than 26 times more
rapidly than those okserved in analogous preparations
from male Sprague Dawley rat livers (6), when assayed
under their respective optimal conditions. Fish hepatic
microsomal fractions exhibited slightly higher specific
activities than corresponding 10,000 x g supernatant
fractions, while the activity of the fish hepatic
104,000 x g supernatant fractions showed less than 1/40
of the activity observed in 10,000 x g supernatant
fractions.

The maximal rate of hepatic AHH in the 10,000 x g
supernatant fraction was found to be 4.92 umoles 8-
hydroxybenzpyrene formed/gm protein/minute, and was
linear for 10 minutes. Reaction velocities decreased
gradually to 2.40 umoles product formed/gm protein/
minute after 30 minutes of incubation.
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The effect of pH on hepatic AHH is shown in fig-
ure 1. The optimum pH was found to be approximately
7.5. Trout hepatic AHH activity was tested at several
incubation temperatures ranging from 5°C to 35°C. A
temperature of 28.5°C yielded the highest activity
(figure 2).

NADPH was found to be a necessary cofactor of the
hepatic reaction, the activity being 10 times that of
reactions in which NADH was substituted for NADPH.
Additions of 0.24 M glucose-6-phosphate did not con-
sistently enhance the rate of the reaction. Additions
of 0.13 M MgsO, and/or 0.25 M nicotinamide slightly
inhibited the reaction. The system was saturated with
NADPH at concentrations above 10”4 M final concentra-
tion. Saturating concentrations of substrate were
those above 10™5 M. Acetone did not significantly in-
hibit the reaction at concentrations below 9 x 1075 M.

Incubations carried out under 100% nitrogen or
100% carbon monoxide exhibited approximately one third
of the hepatic AHH activity observed in systems in
which 100% oxygen was utilized. The possibility can
not be ruled out that sufficient oxygen may have been
dissolved in the reaction flasks to partially account
for the activity observed in incubations utilizing
nitrogen or carbon monoxide.

The results of the induction experiments indicated
that the hepatic benzpyrene hydroxylase activity of
trout pretreated with 3-methylcholanthrene was approxi-
mately four times that of the activity of koth the un-
treated controls and the trout treated with corn oil.
As compared to the controls, no statistically signifi-
cant increase in the guantity of protein per gram of
liver was ocbserved in 3-methylcholanthrene pretreated
fish (P »0.5).

Discussion

In view of the fact that other investigators (1,4,
8) have found that mammalian hepatic systems appear to
be several times more effective than trout hepatic sys-
tems in the kiotransformation of certain drugs, it is
remarkakle that the trout liver 10,000 x g supernatant
fraction exhibited approximately 26 times the AHH
activity of male rat liver 10,000 x g supernatant.
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Figure 1. Relationship of pH to benzpyrene hydroxylase
activity in trout hepatic 10,000 x g supernatant frac-~
tions. Incubation flasks contained 0.7 mg NADPH,

0.01 mg 3,4-benzpyrene dissolved in 0.02 ml acetone,
1.0 ml of homogenate subfraction, and 0.1 M potassium
phosphate buffer in a total volume of 4.0 ml. Incuba-~-
tions were carried at 28.,5°C for 10 minutes under

100% oxygen.
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Figure 2. Relationship of temperature to benzpyrene

hydroxylase activity in trout hepatic 10,000 x g super-
natant fractions. 1Incubation conditions were the same
as described in figure 1. In all cases the pH was 7.5.

485



In addition, these same investigators observed
little evidence for induction of other trout hepatic en-
zyme systems. However, in the rainbow trout, the hepa-
tic AHH system (which has not heretofore been studied in
fish) the evidence strongly suggests that the enzyme
system was markedly induced by a single dose of 3-methyl-
cholanthrene.

Whether this information can be sucessfully uti-
lized as a determinant in the economy of this species
of fish remains to be investigated. In view of the
importance of the AHH system as a determinant of toxic-
ity, it would appear that extensive additional investi-
gations of this enzyme system in fish would be warranted.

Finally, the results also re-emphasize the need
for attention in optimization of reaction conditions in
studies of this nature. Many of these parameters were
found to be considerably different from those observed
in mammalian systems.
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