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Abstract—Piperonyl butoxide, piperonyl sulfoxide and »-propyl isome produce
concomitant stimulation of o-hydroxylation and inhibition of p-hydroxylation of
biphenyl by mouse liver microsomal preparations in vitro.

A wiDE range of chemically unrelated compounds, including natural and synthetic
methylenedioxyphenyls (MDP),1-5 hydrazines,® and SKF 525Ad: 2 induce transient
inhibition of mammalian microsomal enzyme function in vive and in vitro. Synthetic
MDP derivatives, such as piperonyl butoxide (PB), are widely used as synergists with
pyrethrin insecticides; putatively, synergists act by blocking insect microsomal enzyme
function.? More recently, PB and related compounds have been shown in vive to induce
a paradoxical and transient stimulation of o-hydroxylation of biphenyl concomitantly
with inhibition of p-hydroxylation in mouse liver microsomes.> We report here
stimulation and inhibition in vitro of mouse liver microsomal ortho- and para-biphenyl
hydroxylation, respectively, by MDP insecticide synergists.

EXPERIMENTAL

Adult male Swiss albino mice (ICR/Ha), maintained on Purina chow and water
ad lib., were sacrificed by cervical dislocation; the livers were removed and gall
bladders discarded. Crude microsomal fractions were prepared from liver homogenates
in 0-25 M sucrose containing 0-1 M phosphate buffer at pH 7-4. Dilutions of PB,
piperonyl sulfoxide, and »n-propyl isome (Fig. 1) were prepared in 0-6 % (v/v) Tween
80 from 10 mM stock suspensions in 0-6% Tween to yield concentrations ranging
from 0-1 to 1-0 mM in the incubation mixture, with a final Tween concentration of
0-069. Preparations were agitated until satisfactory suspensions were obtained;
n-propyl isome yielded relatively nonhomogeneous suspensions. All incubation
mixtures, excluding the blanks, contained 6 pzm of biphenyl substrate per 3 ml of
reaction mixture. Ortho- and para-biphenyl hydroxylase activity was determined with
an isocitric dehydrogenase system at pH 7-5;8 both isomers were measured fluori-
metrically in an Aminco-Bowman spectrophotofluorimeter at 345 and 415 mpu, with
respective excitation at 275 and 295 myu. Experiments were replicated on 4 occasions.
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Fi. 1. Synthetic methylenedioxypheny! insecticidal synergists.
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FiG. 2, Effects of methylenedioxyphenyl insecticidal synergists on hydroxylations of biphenyl in vitro.
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RESULTS

In vitro, the 3 MDP synergists induce concomitant concentration-dependent
stimulation of o-biphenyl hydroxylase activity, and concentration-dependent inhibition
of p-biphenyl hydroxylase activity (Fig. 2). Dose-response plots of o-biphenyl
hydroxylase activity peak between 0-1 and 0-4 mM; for n-propyl isome, a plateau is
reached at a relatively higher concentration. Additionally, n-propyl isome inhibits
p-hydroxylation to a lesser degree than PB and piperonyl sulfoxide.

DISCUSSION

There is good correspondence between these effects in vitro, both inhibition and
stimulation, induced by the 3 MDP synergists and their previously reported effects
in vivo.5 The weak activities of n-propyl isome in vive® and in vitro may reflect its
relative insolubility. Stimulation, both in vivo and in vitro, of certain mammalian
microsomal enzyme functions by MDP synergists is of particular interest since it
contrasts with the commonly accepted view that such compounds are generalized and
nonspecific microsomal enzyme inhibitors.

Since MDP synergists inhibit a broad spectrum of microsomal enzymes, NADPH
and reduced cytochrome P-450 might accumulate, as these cofactors would otherwise
be oxidized via microsomal mixed function oxidation. If reduced cytochrome P-450
is rate limiting to o-biphenyl hydroxylase, increases in its concentration will enhance
the reaction rate; however, NADPH is not rate limiting since it is generated in vitro
by isocitric dehydrogenase. These synergists might alternatively produce changes in the
secondary structure of p-biphenyl hydroxylase, which alter the specificity of this
enzyme, resulting in hydroxylation of biphenyl in the ortho-position.’ Such alteration
of secondary structure might be induced by interaction of MDP synergists with the
active site of the enzyme or with an allosteric site on the enzyme or the enzyme-
membrane complex. Conversion of P-450 to P-420 by detergents such as deoxycholate,
Lubrol W, and Tweens has been established.? The detergent properties of PB% 10 may
be involved in its effects on microsomal enzyme functions.
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