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Present Status of Biochemical Research
on the Insecticide Resistance Problem*

MOISES AGOSINX

In order to provide a rational basis for the development ofnew insecticides, a thorough
understanding of resistance mechanisms is necessary and this presupposes a detailed know-
ledge of the normal biochemicalpathways in insects. The author reviews recent progress in
this field, particularly the work on enzymatic detoxication of insecticides which appears
to be the most important single factor in the production of resistance. The mechanisms
in clude dehydrochlorination and a-methylenic oxidation (DD T), hydrolysis byphosphatases
or carboxyesterases (organophosphorus compounds), and oxidation by microsomal enzyme
systems (various classes of insecticides). Much work still needs to be done on the enzyme
systems involved, especially in relation to substrate specificity and the effect of enzyme
inhibitors that might act as synergists of insecticides.

An understanding of the resistance mechanisms
requires an intimate knowledge of the toxic actions
of several representative insecticides. This, in turn,
must be based on adequate information about the
normal metabolic reactions of insects. Metabolic
studies of insects are urgently needed, since they
possess physiological and biochemical properties
very different from those of other organisms. As an
example, the phospholipid patterns in the blowfly,
Formia regina (Meigen), are quite different from
those obtained in vertebrate material (Bieber et al.,
1961). However, there has been a tendency to over-
emphasize the so-called " unity of biochemistry"
and to overlook biochemical differences between
species. As a result, insect biochemistry has not
expanded sufficiently to permit a full understanding
of the toxic effects of insecticides. There seems hope
of a reversal of this trend in view of the increasing
amount of information that has lately become
available on the life processes of insects at the bio-
chemical level (Gilmour, 1961). Studies of this
sort may eventually lead to the development on a
rational basis of new insecticides in the laboratory,
eliminating the need for indiscriminate " screening"
of large numbers of insecticides.

* The work of the author, reported in this paper, was
supported by grant E-2300 of the Division of Research
Grants and Fellowships, US Public Health Service.

1 Head, Biochemistry Section, Department of Parasito-
logy, and Professor of Chemistry, School of Medicine,
University of Chile, Santiago, Chile.

The view is now emerging that " true" resistance
depends on the presence of enzymatic mechanisms
capable of destroying the insecticide. On the other
hand, morphological factors appear to be of much
less importance in acquired resistance to insecticides.
Enzymatic detoxication reactions in insects include:
(a) conjugation (synthesis of hippuric acids, ethereal
sulfates, f-glycosides, acetamide derivatives, and
methylated compounds); (b) oxidation (aliphatic
oxidation, aromatic oxidation and epoxidation,
hydroxylation of aromatic rings, oxidation of
phosphorothioates to phosphates, thioethers to
sulfoxides and sulfones, N,N-dimethylphosphora-
mides to N-oxides); (c) reduction; (d) dehydrochlor-
ination; (e) detoxication of heavy metal poisons by
reaction with sulphur compounds (Casida, 1959).
As Tsukamoto (1961) has pointed out, in vivo
studies of the relation between insecticide metabo-
lism and resistance are difficult because susceptible
insects show toxic effects even with sublethal doses
and this abnormal state may account for a low rate
of metabolism of the insecticide. This difficulty can
be overcome by using non-toxic analogues that are
metabolized in the same way as the toxic compound.
Another approach for this purpose would be the
study of the in vitro metabolism of the insecticide
when adequate conditions for enzymatic activity
are obtained. Thus, in the housefly, DDT (2,2-bis
(p-chlorophenyl)l,1,1-trichlorethane) is readily con-
verted to DDE (2,2-bis(p-chlorophenyl)1,1-dichloro-
ethylene) by cell-free preparations and the re-
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sistance appears to be proportional to the DDT-
dehydrochlorinase activity (Sternburg et al., 1954).
DDT is also metabolized to a kelthane-like material
by a microsomal enzyme system in several insect
species, including Triatoma infestans (Agosin et al.,
1961).
The biochemistry of resistance is too vast a subject

to be treated comprehensively in a review such as
this. Fortunately, a number of extensive reviews on
the subject are available (Casida, 1959; O'Brien,
1960). This paper will be concerned only with some
broad aspects of the biochemistry of resistance,
especially in those areas in which the author is
active. Where pertinent, material on the mechanism
of action of insecticides will be included.

DDT RESISTANCE

The physiological mechanism that distinguishes
the DDT-resistant from the susceptible insect has
been extensively investigated. Apparently, it is not
related to the rate of penetration of DDT through
the cuticle, or to cell constituents, such as lipids.
So far, enzymatic detoxication appears to be the
most important single factor among the mechanisms
responsible for DDT-resistance. The dehydrochlor-
ination of DDT to DDE has now been detected in
several insect species, and it is accepted that this
mechanism is responsible for the resistance of mos-
quitos and houseflies to DDT. However, DDT-
dehydrochlorination appears to be only one of
several possible detoxication mechanisms in insects.
Thus, in vitro enzymatic breakdown of DDT which
does not lead to the production of DDE has appar-
ently been demonstrated in the human body louse
(Perry & Buckner, 1958). The end-product of the
reaction is a water-soluble acidic conjugate, which
yields a pink complex when analysed by the method
of Schechter et al. (1945). The crude enzyme isolated
from susceptible and DDT-resistant body lice has
an optimum pH of 9-9.5, and it is activated by
glutathione, cysteine, thioglycollate, ascorbate or
co-enzyme A. Whether the conversion of DDT to
the above acidic conjugate is truly enzymatic appar-
ently remains to be established, since the " enzyme "
can withstand digestion by proteolytic enzymes as
well as high temperatures without denaturation.
Resistance to DDT in Drosophila has now been
associated with an increased ability to oxidize DDT
to kelthane (1,1-bis(p-chlorophenyl)2,2,2-trichloro-
ethanol) (Tsukamoto, 1959). The metabolic forma-
tion of kelthane from DDT has been confirmed by

radiometric techniques (Menzel et al., 1961). DDT
is metabolized to kelthane not only by Drosophila
but also by other insect species. Thus, Hoskins et
al. (1958), using '4C-labelled DDT, demonstrated
that both resistant and susceptible strains of Blat-
tella germanica convert DDT to four major metabo-
lites, the last of which corresponds to kelthane
(Tsukamoto, 1961). Dinamarca et al. (1962) have
detected at least five DDT-metabolites in Triatoma
infestans third instar larvae and adults. The third
compound in the metabolic chain is converted to
dichlorobenzophenone under alkaline conditions
and has the ultraviolet spectrum of kelthane. It is
interesting to note that DDT not only undergoes
a-methylenic oxidation in T. infestans, but it is also
dehydrochlorinated to DDE (Dinamarca et al., 1962).
Recently, Agosin et al. (1961) have demonstrated
the in vitro conversion of DDT to kelthane in cell-
free preparations of several insect species (Fig. 1).
The enzyme system requires oxygen, reduced
triphosphopyridine nucleotide, magnesium ions and
nicotinamide for maximal activity. Furthermore, as
in vertebrates (Posner et al., 1961), the activity is
located mainly in the microsomal subcellular
fraction. Whether this detoxication system is truly
related to resistance is not clear at present (Tsuka-
moto, 1960). For instance, susceptible houseflies
have similar in vitro activity to DDT-resistant flies
(Agosin et al., 1961). However, it should be pointed
out that it is difficult to extrapolate from in vitro
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experiments to in vivo conditions. The DDT-
hydroxylating system has also been shown to occur
in Triatoma infestans in our laboratory.

It is known that DDT-dehydrochlorinase requires
reduced glutathione for activity (Lipke & Kearns,
1959) while DDT-hydroxylase needs reduced tri-
phosphopyridine nucleotide (Agosin et al., 1961).
Since reduced glutathione is produced via gluta-
thione reductase, which catalyses the reduction of
oxidized glutathione by reduced triphosphopyridine
nucleotide, one is tempted to correlate the avail-
ability of reduced triphosphopyridine nucleotide
provided by the insect's metabolic sequences-
mainly the pentose phosphate pathway-with the
rate of the in vivo degradation of DDT by either
DDT-dehydrochlorinase or DDT-hydroxylase.
When both detoxication systems are present in a
given insect species, as in the case of Triatoma
infestans, there is the possibility of competition
between the two systems for reduced triphospho-
pyridine nucleotide. Whether DDT is detoxified via
dehydrochlorinase or via oxidation will depend on
the availability of reduced triphosphopyridine
nucleotide, the affinity of both systems for the co-
enzyme, the cellular concentration, and the turnover
number of each system. This would explain why
in some insects DDT is predominantly dehydro-
chlorinated, while in others polar metabolites are
preferentially produced. It is now accepted that
any factor affecting the rate-limiting step of a path-
way must modify the rate of the entire process, and
since triphosphopyridine nucleotide (TPN) appears
to be the rate-limiting step in the pentose phosphate
pathway (Kinoshita, 1957), one would expect that,
as a consequence of DDT-metabolization, TPN
would be generated, resulting in increased oxidation
of glucose by the pentose phosphate system. This
seems to be the case in Triatoma infestans. In third
instar larvae supplied with glucose-l1C, DDT-
intoxication produces a large increase in the rate of
CO, appearance from glucose-1-'4C as compared
with glucose-6-l4C, indicating a stimulation of the
reactions of the pentose phosphate pathway (Agosin
et al., 1961). Furthermore, the levels of TPN are
markedly increased in the treated insects. DDE, a
non-toxic analogue of DDT, does not produce these
effects. Apparently, the increase in TPN is mediated
through an increased synthesis of diphosphopyri-
dine nucleotide kinase, the enzyme catalysing the
formation of triphosphopyridine nucleotide from
diphosphopyridine nucleotide and adenosine tri-
phosphate.

Many non-toxic DDT-analogues and piperonyl
derivatives will increase the toxicity of DDT to
resistant houseflies. The synergistic action of DDT-
analogues appears to be due to competitive inter-
ference with the mechanism in resistant flies res-
ponsible for the detoxication of DDT (Moorefield
& Kearns (1955)). The discovery of the DDT-
hydroxylating system also raises the possibility of
interference with this system by appropriate com-
pounds. In this respect, ,B-diethylaminoethyl
diphenylpropylacetate (SKF 525-A) blocks a number
of microsomal oxidative reactions, including hy-
droxylation (Cooper et al., 1954). The action of
SKF 525-A appears to be not simply a physical
effect on microsomes, but a true enzyme inhibition.
It has also been shown that Lilly 18947 and ipronia-
zid, compounds structurally unrelated to SKF
525-A, block the same enzyme systems (Fouts &
Brodie, 1956). In theory, it should be possible to
develop compounds of this type to act as synergists
of DDT (Fig. 2). Hewlett et al. (1961) have tested
this possibility, using lesser mealworm beetles,
Alphitobius laevigatus, as test organisms. The
insects were treated topically with SKE 525-A and
DDT, but no synergistic effects were found. How-
ever, it would be interesting to repeat these experi-
ments on DDT-resistant insects in which oxidative
microsomal enzyme systems have previously been
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shown to play a role in resistance. It is evident that
if the insect contains little or no detectable DDT-
hydroxylase, SKF 525-A will not potentiate DDT.

HEXACHLOROCYCLOHEXANE (BHC) RESISTANCE

It is now accepted that the alpha-, beta-, gamma-,
and delta-isomers of BHC are metabolized faster in
resistant than in susceptible houseffies (Oppenoorth,
1954, 1955). The alpha- and gamma-isomers of
BHC are rapidly converted to water-soluble meta-
bolites, with the removal of 4 or more chlorine atoms
per molecule of BHC metabolized (Bradbury &
Standen, 1957). The first detoxication product to
be identified was pentachlorocyclohexene (Stem-
burg & Kearns, 1956). In a comparison of 8 different
housefly strains, Oppenoorth (1956) discovered that
the BHC-resistance levels were directly proportional
to the rate at which the flies metabolized the alpha-
and delta-isomers; the resistance levels were also
inversely proportional to the rate at which the
compounds were absorbed through the cuticle. The
alkaline hydrolysis of the metabolic products of
both the alpha- and gamma-isomers of BHC yields
dichlorothiophenols (Bradbury & Standen, 1959).
-It was inferred that the metabolism of BHC by the
flies to produce water-soluble metabolites involves
the formation of a C-S bond. Apparently, reduced
glutathione is the source of sulfur for the C-S bond,
since in vitro conversion of alpha- or gamma-BHC
into water-soluble metabolites requires reduced
glutathione for activity (Fig. 3). This would indicate
that BHC might also stimulate the rate of pentose
phosphate metabolism, in the same way that
DDT does in T. infestans. Apparently, oxidation is
not a mechanism of BHC-detoxication, since SKF
525-A does not potentiate its effect on A. laevigatus
(Hewlett et al., 1961). The view is now emerging that
both alpha- and gamma-BHC give one main meta-
bolite in houseflies together with a number of minor
metabolites (Bradbury, 1960). It is also suggested
that the metabolite may be a pentachlorocyclohexyl-
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cysteine conjugate which on alkali treatment gives
the dichlorothiophenols. BHC appears to exert its
toxic action on the central nervous system of the
insects and it is interesting to point out that the
ganglion of resistant insects can withstand direct
application of gamma-BHC crystals. This would
indicate that BHC-detoxication mechanisms are
insufficient to account for the BHC-resistance of the
nervous system itself (Bridges, 1959: Matsumura &
Brown, 1961). Whether the above observations are
to be explained by structural differences or by the
presence of detoxifying enzymes in the nervous
tissue of resistant insects remains to be established.

PROLAN RESISTANCE

Resistance to Prolan (l,1-bis(p-chlorophenyl)-
2-nitropropane) in houseflies can be correlated with
their ability to detoxify the insecticide to less toxic
compounds (Perry & Buckner, 1959). Apparently,
the detoxication mechanism consists in the terminal
oxidation of the -CH3 residue. One metabolite is
acidic and from its infrared spectrum appears to be
3,3-bis(p-chlorophenyl)pyruvic acid. The other
metabolite isolated is neutral, almost indistinguish-
able from Prolan, although somewhat less toxic
(Fig. 4). Both metabolites are excreted.

RESISTANCE TO CYCLODIENE INSECTICIDES

Resistance to cyclodiene insecticides, such as
heptachlor and dieldrin, is poorly understood at
present. Resistance to gamma-BHC and resistance
to dieldrin are apparently related, since BHC-
resistant insects are found to be also dieldrin-
resistant and vice-versa. This would indicate the
existence of enzyme systems capable of destroying
a variety of chlorinated cycloalkanes (Hoskins &
Gordon, 1956). In general, the cyclodiene insecti-
cides are converted to epoxides-heptachlor to
heptachlor epoxide, aldrin to dieldrin, isodrin to
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FIG. 5
CYCLODIENE INSECTICIDES AND THEIR EPOXIDES
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endrin (Fig. 5). However, the epoxides are as toxic
as their corresponding precursors. It is interesting
to note that heptachlor epoxide is more toxic to
susceptible flies than heptachlor, but the heptachlor-
resistant flies are also resistant to the epoxide.L
Epoxidation is a rare reaction in animal biochem-
istry. Heptachlor (Perry et al., 1958), aldrin (Sun
& Johnson, 1960) and isodrin (Brooks, 1960) are all
converted to the corresponding epoxides by house-
flies. Aldrin is epoxidized to dieldrin in cockroaches
(Gianotti et al., 1956). It is considered that in
susceptible insects, the symptoms of intoxication
parallel the production of the epoxides. However,
the reduction product of aldrin, which cannot be
epoxidized (Brooks, 1960) is still toxic to houseflies.
Furthermore, the epoxidation can be inhibited almost
completely with Sesamex, a pyrethrin synergist,
and even then aldrin is still highly toxic (Sun &
Johnson, 1960). Brooks (1960) considers that
resistance of houseflies to dieldrin is not due to
differences in metabolism, although physiological
differences may be involved in the resistance me-
chanism. It is obvious that much work is required
to elucidate the mechanism of resistance to cyclo-
diene insecticides in order to develop active com-
pounds that are not easily detoxified and also to
develop superior synergists.

RESISTANCE TO PYRETHRINS

Pyrethrins induce a reversible paralysis which
suggests that insects may have detoxication systems

1 March, R. B., Metcalf, R. L. & Baich, A. - Unpub-
lished report to WHO, January 1958.

for insecticides of this type. Several years ago,
Chamberlain (1950) showed that a roach lipase
preparation was active in the hydrolysis of pyre-
thrins and that piperonyl butoxide (a pyrethrin
synergist) inhibited the hydrolysis to some extent.
Hydrolytic detoxication in the American roach
leads to the formation from pyrethrins and cinerins
of the corresponding keto-alcohols and chrysan-
themum monocarboxylic acids plus some unidenti-
fied metabolites (Zeid et al., 1953). In houseflies,
14C-pyrethrins and allethrins are metabolized to a
significant extent in vivo to non-pyrethroid derivat-
ives (Winteringham et al., 1955). Piperonyl cyclonene
inhibits the detoxication of pyrethrins to a larger
extent than that of allethrin, suggesting that the
enzymatic detoxication of pyrethrins may differ
from that of allethrins. Flies treated with "4C-
pyrethrins yield the alcohol component obtained by
hydrolysis, but no trace is found of acid components
(Winteringham, 1952). This would indicate that
hydrolysis is not involved in pyrethrin detoxication
by flies. It is interesting to note that SKF 525-A
considerably increases the effectiveness of pyrethrins
in houseflies (Hewlett et al., 1961), which would
suggest that pyrethrins are detoxified by oxidative
processes. It would not be too surprising if micro-
somal enzymes should prove to be involved in this
type of enzymatic conversion.

RESISTANCE TO ORGANOPHOSPHORUS INSECTICIDES

Metcalf (1959) has reviewed in detail the meta-
bolic processes whereby organophosphorus insecti-
cides are oxidized to more active antiesterase forms.
This can be brought about by oxidation of P=S
to P=O groupings, as in parathion, malathion,
Thimet (phorate) and diazinon (Fig. 6). Dipterex
(O,O-dimethyl-2,2,2-trichloro-l-hydroxyethyl phos-
phonate) is an exception: it is converted to the
potent cholinesterase inhibitor dichlorvos (2,2-
dichlorovinyl dimethyl phosphate) by dehydro-
chlorination (Metcalf et al., 1959). On the other
hand, it is known that organophosphorus insecti-
cides can be metabolized to inactive products by
phosphatases and carboxyesterases. The balance
between activating and deactivating enzymes will
determine whether an insect will be susceptible or
resistant to organophosphorus insecticides. Enzymes
involved in the deactivation of organophosphates
have been demonstrated in houseflies (Van Asperen
& Oppenoorth, 1960, 1961), honeybees (Metcalf et
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FIG. 6
ENZYMATIC HYDROLYSIS OF MALATHION
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al., 1956), rice-stem leafhoppers (Kojima & Ishizuka
1960) and cockroaches (O'Brien, 1957). Insect
detoxication of organophosphorus insecticides occurs
primarily through phosphoryl hydrolysis (March,
1960). Malathion, S-(1,2-bis(ethoxycarbonyl)ethyl)
O,O-dimethyl phosphorodithioate, is apparently
detoxified by hydrolysis of the P-S and S-C bonds
but also by hydrolysis of the carboxylic ester bonds
either before or after oxidation. Both processes
seem to occur in the American roach but at a limited
rate, activation to malaoxon being more rapid than
hydrolysis (Metcalf et al., 1956). In the housefly,
phosphoryl hydrolysis seems to predominate (Krue-
ger & O'Brien, 1959). The rate of excretion of non-
toxic malathion metabolites is the same in suscepti-
ble and in resistant houseflies, but the former accu-
mulate higher amounts of malaoxon in their tissues.
It seems that considerable resistance can be acquired
by insects that produce malathion esterase (Darrow
& Plapp, 1960). A strain of ffies 10 times more
resistant to diisopropyl fluorophosphate was found
to have the same cholinesterase activity as the
susceptible strain and apparently a rapid enzymatic
detoxication of diisopropyl fluorophosphate would
explain the resistance (Casida, 1959). Matsumura
& Brown (1961) have reported that in a mosquito
strain specifically resistant to malathion and mala-
oxon, the resistance is accompanied by an increase
not in phosphatase activity but in carboxyesterase
activity. Recently, Plapp & Eddy (1961), studying
the use of tri-substituted derivatives of phosphoric
acid as synergists of malathion in resistant house-
flies and mosquitos, inferred that these derivatives
inhibit the ability of the resistant insects to degrade
malathion by cleavage of the carbethoxy ester
linkages.

In the case of parathion (O,O-diethyl O-p-nitro-
phenyl phosphorothioate), resistant houseffies accu-
mulate paraoxon to a smaller extent than susceptible
strains (Oppenoorth, 1958). Furthermore, the
resistant strain destroyed paraoxon faster than the
susceptible ones. Since resistance to parathion is
associated with resistance to paraoxon, it is probable
that a faster rate of excretion of paraoxon may also
be involved in parathion resistance (Platt et al.,
1961). Without attempting to formulate a hypoth-
es's covering all organophosphorus insecticides, it
would appear highly probable that resistance is
associated with the development of effective hydro-
lytic detoxication systems. However, it is suggestive
that Scaife & Campbell (1959) have been able to
demonstrate the inactivation of DSDP (0,0-
diethyl-S-2-diethylaminoethyl phosphorothioate) by
a mammalian microsomal enzyme system, similar
to the one involved in DDT-hydroxylation (Agosin
et al., 1961) but requiring diphosphopyridine
nucleotide instead of triphosphopyridine nucleotide.
Furthermore, SKF 525-A inhibited the enzyme
activity. It is possible that resistance to several
organophosphorus insecticides may be related to
microsomal enzymes and that hydrolysis may be a
secondary mechanism.

It is interesting to note that concomitantly with
the increase in resistance, houseflies show a corres-
ponding reduction in aliesterase, an enzyme that
hydrolyses aliphatic esters and is inhibited by
organophosphorus compounds (Oppenoorth & Van
Asperen, 1960). The significance of this discovery
in relation to resistance is not clear at present.

RESISTANCE TO CARBAMATES

The carbamate insecticides are esters of phenols
with N-methyl- or N,N-dimethylcarbamic acid.
They have attracted much attention, especially since
the introduction of Sevin (1-naphthyl N-methylcar-
bamate) as an agricultural insecticide. Carbamates
are structural analogues of acetylcholine, and, as
such, many of them are inhibitors of cholinesterase.
High levels of resistance to 3-isopropylphenyl
N-methylcarbamate have been obtained in houseflies
as a result of rigorous selection (Georghiou et al.,
1961). Although absorption of this carbamate was
faster in resistant flies, four times as much unchanged
insecticide accumulated internally in susceptible
as in resistant flies within two hours of application
(Georghiou & Metcalf, 1961b). Furthermore, 85% of
the absorbed material was metabolized by resistant
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flies and only 23 % by the susceptible ones. Piper-
onyl butoxide blocked the detoxication mechanisms
and resulted in a pattern of absorption and internal
accumulation of insecticide similar to that observed
in susceptible flies. This remarkable effect of piper-
onyl butoxide is similar to its inhibition of the
detoxication of pyrethrins. Another pyrethrum
synergist (octachlorodipropylether) also acts as a
synergist of carbamates (Georghiou & Metcalf,
1961a). The metabolism of N-methyl-carbamates
in flies was found to give oxidation products. The
reaction can be inhibited by Lilly 18947, Sesamex,
and SKF 525-A (Hodgson & Casida, 1960). As
with DDT-hydroxylase in mammalian microsomes
(Agosin et al., 1961), reduced triphosphopyridine
nucleotide and molecular oxygen are required for
activity. All these observations suggest that carba-
mates are detoxified in resistant insects primarily
by microsomal oxidative demethylation processes.

GENERAL COMMENTS ON RESISTANCE AND

DETOXICATION MECHANISMS

In this paper, much emphasis has been placed on
enzymatic breakdown of insecticides as a mechanism
of resistance. Many other factors besides enzymatic
breakdown may undoubtedly be responsible for
some degree of resistance, but I find it difficult to

explain high degrees of resistance without adequate
enzymatic detoxication reactions. Acquired resist-
ance by a previously susceptible insect would mean,
therefore, an increase in the rate of enzymatic break-
down of the insecticide. Whether this increased rate
corresponds to increased enzyme synthesis is still
questionable. In this respect, it should be mentioned
that microsomal detoxifying enzymes are " induced "
by certain polycyclic hydrocarbons in vertebrates
(Conney et al., 1957). It would not be surprising
if pyrethrins, carbamates and DDT could also
" induce " microsomal enzymes in insects, although
this has yet to be demonstrated.

It is evident from this presentation that much
research is needed on basic biochemical processes in
insects, in order to elucidate the mode of action
of, and the mechanism of resistance to, insecticides.
Enzyme systems responsible for detoxication should
be thoroughly investigated, with the aim of purifying
and characterizing them, especially in connexion with
substrate specificity and the effect of inhibitors,
which may be potential synergists of the insecticide
involved. Compounds such as SKF 525-A and its
cogeners should be employed as tools for screening
the possible type of detoxication mechanism. This
would make possible the rational development of
insecticides based on knowledge of the characteristics
of the detoxifying enzyme(s).

RI-SUMt

La connaissance des mecanismes enzymatiques de
detoxication des insecticides par les insectes est indis-
pensable a 1'etude de la resistance. La detoxication peut
transformer les insecticides en composes relativement
non toxiques, qui sont soit excretes soit retenus par
les tissus.

L'auteur passe en revue les divers processus chimiques
qui interviennent (conjugaison, oxydation, reduction,
dechloruration, d6toxication des poisons a base de
metaux lourds).
La detoxication du DDT s'effectue essentiellement par

dechloruration, mais aussi par oxydation a-methylenique.
Les insecticides organophosphor6s semblent etre inactives

par hydrolyse phosphorylante et par des carboxyleste-
rases, sans parler des processus oxydants au niveau des
microsomes qui peuvent aussi jouer un r6le.

Les pyrethrines, et les carbamates aussi, vraisembla-
blement, semblent etre detoxifies par les oxydases des
microsomes. Ces systemes enzymatiques peuvent avoir
une specificite assez etendue. La resistance aux insecti-
cides du groupe du cyclodiene est peu connue.

II est indispensable, pour preciser les divers mecanismes
de detoxication et de resistance, de connaitre les voies
m6taboliques normales des insectes. Ces etudes doivent
se faire sur chaque espece en particulier et sans extra-
polation ou generalisation hative.
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