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Lindane: Metabolism to a New Isomer of

Pentachlorocyclohexene

Abstract. Two of the hexane-soluble products of metabolism of lindane in
susceptible and resistant houseflies were tentatively identified as isomers of
pentachlorocyclohexene by gas-liquid chromatography and mass spectroscopy.
One isomer was identical with the pentachlorocyclohexene obtained by mild
alkaline dehydrochlorination of lindane and is apparently the form found in
previous studies of metabolism; the second is now reported for the first time.

The mechanism (or mechanisms) of
insect resistance to lindane (1,2,3,4,5,6-
hexachlorocyclohexane) has not been
established; however, it has been theo-
rized that rapid metabolism to tess-toxic
products is an important feature in some
resistant species (/). Pentachlorocyclo-
hexene (PCCH), a relatively nontoxic
compound, has been identified as the
basic product of detoxification of lin-
dane in susceptible and resistant strains
of houseflies. With regard to the meta-
bolic capabilities of houseflies, reports
in the literature are conflicting. Rather
substantial quantities of PCCH were
indicated by colorimetric techniques in
lindane-treated flies (2), while later
studies, using isotopic dilution with -
PCCH and colorimetric determination
of nitrated derivatives, showed that
much smaller amounts were formed (3).
From these results it has been assumed
that y-PCCH is the only isomer pro-
duced metabolically (4). As a first step
in reevaluation of the role of metabolic
detoxification in the resistance of house
flies to lindane we have studied the
metabolism of lindane to hexane-soluble
products. We have tentatively identified
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Fig. 1. Gas-liquid chromatograph of the
hexane-soluble products of metabolism of
lindane by houseflies.
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one such product as a previously un-
reported isomer of PCCH.

Highly resistant, moderately resistant,
and susceptible strains of houseflies
were used to facilitate detection of cor-
relation between resistance and detoxi-
fication. Sublethal doses of lindane (in
acetone) were applied to the dorsa of
female flies anesthetized with CQO,.
After 4-hour incubation at 22°C, the
treated flies were anesthetized with CO,,
rapidly rinsed with hexane, and homog-
enized in a Potter-Elvehjem tissue
grinder containing acetone and Na,SO,.
Particulate matter was removed from
the homogenate by centrifugation. The
acetone was removed from the super-
natant by evaporation under partial
vacuum, and the residue was redissolved
in hexane and passed through an acti-
vated Florisil column for removal of
polar impurities. Portions of the purified
eluate were analyzed by gas-liquid
chromatography (5).

A chromatograph of a purified ex-
tract of lindane-treated flies appears in
Fig. 1. None of the peaks depicted were
detected in extracts of untreated flies;
nor were peaks labeled v-PCCH or 4
found in extracts of fly homogenates to
which lindane had been added. Extracts
of homogenates containing added -
PCCH yielded only the 4-PCCH peak.
Furthermore live flies could not produce
the A material from y-PCCH; thus it
was concluded that the 4 material is a
primary product of lindane metabolism
in houseflies. After treatment with
equal amounts of lindane, resistant-fly
homogenates contained up to 5 percent
of the organic-soluble compounds in
the form of the A4 material while the
susceptibles contained less than 1 per-
cent. Preliminary data indicate corre-
lation with resistance. The additional
peaks (Fig. 1, B-D) also are believed
to be metabolites of lindane.

Because we could not synthesize the
A material by alkaline dehydrochlorina-
tion of @, B, vy, 8, and n isomers of
hexachlorocyclohexane, we had to use
houseflies as a source of adequate
amounts of the 4 material for identi-

fication. It was obtained in the following
manner: Highly resistant flies (about
1000) were confined to lindane-coated
beakers for 6 hours and then homog-
enized in acetone. The particulate
matter was filtered out, the acetone
was removed by evaporation, and the
residue was extracted with hexane. The
hexane solution was passed through a
Florisil column, and the fraction con-
taining the 4 material was purified with
a second column. Final purification was
by preparative gas-liquid chromatogra-
phy, the material in the A peak being
collected in a glass capillary. A portion
of this sample was removed from the
capillary and rechromatographed; if one
peak resulted, the material in the cap-
illary (a white crystalline product at
room temperature) was analyzed by
mass spectrography (6).

While the A material produced a
mass spectrograph identical with that
of y-PCCH with respect to peak loca-
tions, there were significant differences
in some peak height ratios. This infor-
mation, in conjunction with the fact
that the retention time of A4 on gas-
liquid chromatography was distinct from
that of y-PCCH, indicated that the A
material is isomeric with y-PCCH. We
tried to obtain additional information
about the molecule, using nuclear mag-
netic resonance and infrared spectrom-
etry, but the data were inconclusive,
most likely because of the small amount
of sample and the presence of inter~
fering hydrocarbon that did not affect
the mass spectrograph.
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