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The potency of many organic insecticides is
strongly synergized by methylenedioxy-
phenyl compounds and other inhibitors of
oxidative detoxification. These synergists in-
hibit the microsomal cytochrome P450-de-
pendent mixed-function oxidase system as
alternative substrates or by derivatizing at
or near the active site. [The SCIe indicates
that this paper has been cited in over 140
publications.]
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In the 1950s and 1960s, while at the Uni-
versity of Wisconsin at Madison and after
moving to the University of California at
Berkeley, I was interested in the pathways
and enzymatic mechanisms of pesticide me-
tabolism and particularly the oxidative reac-
tions that lead to either activation or detoxi-
fication.

Piperonyl butoxide, other methylenedi-
oxyphenyl derivatives, and many seemingly
unrelated compounds enhance the insecti-
cidal activity of pyrethrum, other pyre-
throids, and certain methylcarbamates, or-
ganophosphorus compounds, and chlorinat-
ed hydrocarbons. A general phenomenon is
involved since a variety of synergists in-
crease the toxicity of many types of insec-
ticides. The most important commercial
synergized insecticide is the mixture of
piperonyl butoxide and pyrethrum extract,
with pyrethrin I as the major insecticidal in-
gredient.

Ernest Hodgson, now at North Carolina
State University, initiated our studies on in-
hibitors of mammalian mixed-function oxi-
dases (MFOs)1 and he continues to stay at

the forefront of this important and fascinat-
ing field.
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Further insight into the mecha-
nisms of synergist action required an insect
oxidase that metabolized the relevant com-
pounds and a variety of radiolabeled insecti-
cides and synergists to clarify their metabol-
ic pathways. I decided on November 22,
1963, to focus on this problem by develop-
ing the relevant insect MFO system and ra-
diolabeling pyrethrin I and piperonyl butox-
ide. The date is firmly set in my mind be-
cause this decision was made while driving
to a meeting during which time the musicon
the radio was interrupted by the announce-
ment of President Kennedy’s assassination.

Within a few years, Masuhisa Tsukamoto
established the housefly MFO system and
showed its role in insecticide tolerance and
synergist action in his biochemical genetic
studies with insecticide-susceptible and -re-
sistant insect strains.
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The synergists were

shown to be MFO substrates as well as inhib-
itors.
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The trans-methyl group of the isobu-

tenyl substituent was identified as the most
metabolically labile site of pyrethrin l.~Our
studies then considered several interrelated
phenomena: resistance and selective toxici-
ty conferred by oxidative detoxification; the
persistence of synergist inhibition of
P450-mediated reactions; and the variety of
insecticide substrates for insect MFOs lead-
ing to cross-resistance in high oxidase
strains.

This review was the first detailed consid-
eration of toxicologically important MFO in.
hibitors. It discussed the mechanism and ge-
netic control of P450 systems. It pointed out
the need for synergists of increased potency
and safety and the importance of including
tests of MFO inhibition in mammals, along
with the usual toxicological parameters, in
evaluating risks associated with such com-
pounds. This publication provided the docu-
mentation for a lecture I presented in May
1970 at a symposium commemorating my
receipt of the first International Award for
Research in Pesticide Chemistry, the Bur-
dick and Jackson Award of the American
Chemical Society.
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