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Mechanisms of Resistance to Fenthion
in Culex pipiens fatigans Wied.*

B. F. STONE1& A. W. A. BROWN2

One ofthe insecticides ofchoice to control the mosquito Culex pipiens fatigans, a vector
of Bancroftian filariasis, is fenthion. The mechanism of resistance to this insecticide which
could develop in C. p. fatigans was investigated in a strain from Rangoon, Burma, made
8 times more fenthion-resistant than normal by laboratory selection, by exposing the larvae
to 32P-fenthion and examining the metabolites.

Larvae of the resistant strain were found to absorb about halfas much fenthion as those
of the corresponding normal strain, and they degraded proportionately about twice the
amount absorbed to water-soluble metabolites. Thus, the larval content of chloroform-
soluble toxicants remaining was only one-third to one-seventh as much in the resistant as
in the normal strain. The production ofthe non-toxic hydrolytic (water-soluble) metabolites
was 70 % greater in the resistant strain in absolute terms, despite the lower amount absorbed
into the larvae. The greatest increase (4-fold) was in the oxonase activity, although the
thionase activity was more important in both strains.

Esterase zymograms from agar-gel electrophoresis revealed a principal band which was
much more intense in the resistant than in the susceptible strain, as judged by its hydrolysis
of a- and ,-naphthyl acetates and phosphates. This band was comparatively insensitive to
the toxicant fenoxon, and could hydrolyse it.

The organophosphorus compound 0,0-dimethyl
0-[4-(methylthio)-m-tolyl] phosphorothioate, known
as fenthion, has shown considerable promise as a
larvicide for controlling Culexpipiensfatigans, a vec-
tor of Bancroftian filariasis. Larval selection of a
DDT-resistant strain from Rangoon, Burma, with
fenthion for 22 generations produced a strain with
10-fold resistance to fenthion (Tadano & Brown,
1966), whereas selection of a normal Rangoon strain
with fenthion increased the resistance by only 4 times.

Therefore, the uptake and metabolism of 32p_
fenthion was studied in these 2 resistant and tolerant
strains, in comparison with the normal unselected
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Rangoon colony. In previous studies on organo-
phosphorus-resistance in mosquito larvae it was
found that strains of Aedes aegypti with tolerances
about 5 times higher than normal showed reduced
absorption of malathion and parathion without any
increase in hydrolytic detoxication (Matsumura &
Brown, 1961b, 1963). On the other hand, houseflies
with a resistance to fenthion 15 times higher than
normal showed an increase in water-soluble meta-
bolites as well as a decreased uptake of fenthion
(Metcalf, Fukuto & Winton, 1963). In the present
studies of C. p. fatigans, the production of oxidative
metabolites and the nature of the esterases present
were also investigated.

MATERIAL AND METHODS

The following strains of Culex p. fatigans were
employed in this investigation, their larval resistance
having been determined by the standard method
(WHO Expert Committee on Insecticides, 1963):

(1) A fenthion-susceptible strain (S) obtained from
Rangoon, Burma, in 1963 and colonized in this labo-
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ratory; larval LC50, 0.0014 ppm-0.0020 ppm fen-
thion.

(2) A fenthion-resistant strain (R) derived from
strain S by selection with fenthion for 23 generations
after 3 generations of selection with DDT (Tadano &
Brown, 1966); after relaxation of pressure for 4 gen-
erations, strain R was maintained for 17 generations
during the period of this study under continuous
fenthion selection; larval LC50, 0.012 ppm-0.015 ppm
fenthion.

(3) A fenthion-tolerant strain of intermediate resis-
tance (I), derived from strain S by selection with
fenthion for 18 generations (Tadano & Brown, 1966);
after relaxation of pressure for 4 generations, it was
restored to continuous fenthion selection; larval LC50
0.0035 ppm-0.0090 ppm fenthion.

Lots of 1.25 g of larvae were exposed in 250 ml of
water to high concentrations of 32P-fenthion for short
periods (1.5-12 hours) and some experiments were
made at higher larval densities-up to 10 g/250 ml
of water. After exposure, the larvae were rinsed free
of external radioactivity, homogenized in 0.2% tri-
chloroacetic acid, neutralized and extracted twice
with an equal volume ofchloroform. The chloroform
fraction was evaporated to dryness and freed from
fat by taking up in hexane and partitioning with
acetonitrile (Stone, 1969); both chloroform and
aqueous fractions were assessed for radioactivity by
scintillation spectrophotometry (Stone, 1969).
The oxidative metabolites of the 32P-fenthion were

separated by thin-layer chromatography in silica-gel
coatings on polyester sheets; the radioactive peaks
were detected and measured by normal scanning
methods with N-2,6-dibromo-p-benzoquinone-4-
chlorimine (DCQ) plus bromine as the chromogenic
agent (Menn, Erwin & Gordon, 1957; Chemagro
Corporation, 1965). The hydrolytic metabolites were
separated by anion-exchange column chromato-
graphy on Dowex 1X8 resin, following essentially the
method of Plapp & Casida (1958) with the modified
gradient elution mixtures of Hollingworth, Metcalf
& Fukuto (1967).
The in vitro metabolism of radioactive fenthion by

larval tissues of R and S strains was assessed by a
modification of the method of Matsumura & Brown
(1961a). A crude homogenate (40 mg of larval tissue
per ml) was centrifuged at -4°C for 20 min at
15 000 rev/min (27 000 g) and a 1-ml aliquot of the
supernatant fraction was incubated with 0.5 ml of an
aqueous suspension containing 15 [kg 32P-fenthion
and 2% ethanol in M/1 5 phosphate buffer at pH 7.7

for 3 hours in a shaker water-bath at 230C. At the
end of the incubation, 23.5 ml of 0.2% trichloracetic
acid was added and the flask was stored at + 3°C for
1 hour. The pH was then adjusted to 7.0, the homo-
genate was extracted with chloroform, and the radio-
activity in the aqueous and chloroform fractions was
assessed.

Esterase activity in larvae was measured colori-
metrically by the method of van Asperen (1962).
Batches of 140 mg of larval tissue were homogenized
in 0.5 ml of ice-cold phosphate buffer at pH 6.8 and
diluted to 100 ml with buffer; some homogenates
were centrifuged at 15 000 rev/min and -4°C for
20 min before the supernatants were diluted. A 1-ml
aliquot of the diluted homogenate was incubated
with 5 ml of a-naphthyl or ,B-naphthyl acetate
(3 x 104 M) in phosphate buffer, containing 1%
acetone, at pH 7.0 for 30 min at 27°C. Then 1 ml
of diazo-blue lauryl sulfate solution was added (van
Asperen, 1962), and absorbance was measured at
600 nm for the a-naphthyl and 550 nm for the
/-naphthyl acetate.
The esterases were separated by thin-layer elec-

trophoresis in agar-gel coatings on 15 cm by 10 cm
or 15 cm by 20 cm glass plates (Ogita, 1964). Samples
of 1 dl-01 pl of the undiluted homogenate, containing
0.5 g-I g larval tissue per ml of phosphate buffer
(pH 6.8 and ionic strength 0.025), or 1 x 10-4M
phenylthiourea in buffer to inhibit melanization, were
applied to depressions in the agar surface, made by
allowing 2 mm by 20 mm filter-paper strips to rest
in it for 5 min. The electrophoresis was performed
at 300 volts and 1.0 mA-2.0 mA per cm width for
1.5-2 hours at 5°C-10°C. The plates were sprayed
with deionized water and then with 1 % /-naphthyl
acetate solution in acetone, and the enzyme activity
was assessed by incubating the plate for 20 min at
37°C. The esterase bands were visually detected by
spraying the plates with a 2% aqueous solution of
diazo-blue B (Fast Blue B; Sigma Chemical Co.).
The developed plates were fixed by immersion in 5 %
acetic acid for 10 min, washed in running water for
2-4 hours, and dried.
Acid and alkaline phosphatases also were simi-

larly detected and separated; after electrophoresis,
the substrate was applied either by uniformly cover-
ing the plate or by spraying it on at 0.5-hour intervals,
and the plates were incubated for 1.5-18 hours at
either 23°C or 37°C. The substrates were 0.05%
disodium 3-naphthyl phosphate or 0.5% disodium
a-naphthyl phosphate in either acetate buffer at pH
4.0 or 5.0 or Tris buffer at pH 7.7, or barbital
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(Veronal) buffer at pH 8.6; all solutions contained
0.3 % magnesium chloride. The enzyme bands were
detected visually by spraying the plates with 2%
aqueous diazo-blue B.
Fenoxon-degrading 1 enzymes were demonstrated

after the enzymes had been electrophoretically sepa-
rated in agar gel containing various concentrations
of fenoxon plus 5 x IO4M Mn2+ as activator
(Krueger & Casida, 1961). After the plates had been
incubated for 3 hours at 37°C and high humidity to
allow hydrolysis of this inhibitor to proceed, they
were sprayed liberally with bovine-erythrocyte acetyl-
cholinesterase (0.27 mg per ml); after allowing 20 min
for the enzyme to penetrate, the presence of uninhib-
ited acetylcholinesterase was demonstrated at the
sites of hydrolysing enzyme bands by means of
2-(p-iodophenyl) - 3-(p-nitrophenyl)- 5-phenyltetrazo-
lium chloride (INT) (Uriel, 1961) as reported by
Wieme (1965). In this method, the plates were
covered with a substrate solution of 0.1% acetyl-
thiocholine iodide in barbital buffer at pH 8.2, which
also contained 0.025% of INT (Mann Research Lab-
oratories; p-iodonitrotetrazolium violet C.P.). Upon
incubation for 2.5 hours at 23°C, red areas appeared
where the homogenate had hydrolysed the fenoxon
inhibitor.

RESULTS

Uptake and metabolism
When larvae of the R, I and S strains were com-

pared for uptake of 32P-fenthion from treated water
(Table 1), the R strain came to contain two-thirds
to one-half as much radioactivity as the S strain. The
I strain also took up less than the S strain, the dif-
ference being significant (tj,0=4.22). The increase in
percentage hydrolysis was significant in the R strain,
but not in the I strain. Although the R strain
hydrolysed a greater proportion of the uptake to
water-soluble metabolites, the absolute production
was either similar to or lower than the S strain.
Nevertheless, the net result of the reduced uptake
and the greater proportion metabolized resulted in
the amount ofchloroform-soluble material (including
unchanged fenthion and toxic fenoxon) being very
much less in the R strain than the S strain (Fig. 1).

Oxidative metabolites
When the chloroform-soluble fraction from the R

and S strains and their exposure water was chroma-
tographed in heptane-acetone (Table 2), they each

I Fenoxon is the phosphate analogue of fenthion.

TABLE I
UPTAKE OF 32P-FENTHION AND ITS CONVERSION TO
WATER-SOLUBLE METABOLITES BY LARVAE OF

CULEX P. FATIGANS

0.025 ppm of fenthion 0.25 ppm of fenthion
for 12 hours for 1.5 hours

Strain Uptake Percentage Uptake Percentage
(Ag1g) converted (t/Agg) converted

S 1.38+0.01 53.6 3.53+0.06 34.7

l 3.07±0.09 46.9

R 0.90±0.04 90.4 1.75+0.02 54.6

showed the same spectrum of oxidative metabolites.
Chromatography of a sample with much more lar-
val material in benzene-ethyl acetate revealed a
greater number of metabolites, but again they were
similar in the R, I and S strains, except that the I
strain was able to remove fenthion which the S strain
could not, and the R strain was also able to remove
fenoxon which the I strain could not.

Hydrolytic metabolites
When the water-soluble fraction from the R and S

larvae, exposed in 10-g lots to 1.25 ppm Of 32p-
fenthion for 2 hours, was chromatographed on the
Dowex resin column, it was found that both showed
the 3 identical peaks, 2 of which are known to be
(Fig. 2) dimethyl phosphoric acid and O,O-dimethyl
phosphorothioic acid (Stone, 1969). The amounts of
the metabolites (Table 3) show that the R strain pro-
duced considerably more of each than the S strain
did. The bulk of the increase in hydrolysis in the
R strain was due to the 60% increase in phosphoro-
thioate production, although the greatest ratio of
increase was-in the 4.2-fold increase in phosphate
production (Fig. 3).
When homogenates from 40 mg of larvae were

incubated with 15 ,ug of 32P-fenthion for 3 hours at
23°C and pH 7.7, the hydrolysis rates were very low,
of the order of 10 ,ug/g/hour. Whereas the S homo-
genate converted 6.7% of the fenthion to water-
soluble metabolites, the R homogenate converted
9.5 %, but the difference was not statistically signi-
ficant (t4 = 1.15).

Esterase assays and zymograms
Crude homogenates incubated with a- or fl-naph-

thyl acetate showed no difference between the R and
S larvae (Table 4). But when the homogenates were
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FIG. 1
AMOUNTS OF FENTHION ABSORBED AND HYDROLYSED TO WATER-SOLUBLE PRODUCTS

BY THE FENTHION-RESISTANT STRAIN AS COMPARED WITH THE SUSCEPTIBLE
STRAIN OF C. P. FATIGANS AFTER 2 DOSES
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0.25 ppm fenthion for 1.5 hours
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I Water-soluble (non-toxic).

Chloroform-soluble (toxic).

TABLE 2

OXIDATIVE METABOLITES IN CHLOROFORM-SOLUBLE FRACTION
OF LARVAL BODIES AND EXPOSURE WATER

h. Fenthion Fenthion Fenoxon Fenoxon
Strain Fenthion sulfoxide sulfone Fenoxon sulfoxide sulfone

Ig) (Mg) (Ag) (M4g) (M4g)

1.4 g of larvae exposed to 0.25 ppm for 1.5 hours; chromatography on heptane-acetone 7: 3

Larval bodies S 0.76 Nil Nil Nil 1.26 1.34

R 0.85 Nil Nil Nil 0.84 0.73

Exposure water S 9.08 5.55 Nil Nil 1.17 Nil

R 12.16 3.97 Nil Nil 0.69 Nil

Total S 9.84 5.55 Nil Nil 2.43 1.34

R 13.01 3.97 Nil Nil 1.53 0.73

10 g of larvae exposed to 1.25 ppm for 2 hours; chromatography on benzene-ethyl acetate 3:1

Larval bodies sa 81.0 7.0 7.0 3.0 Nil 2.0

I Nil 3.8 1.45 38.70 4.00 2.05

R Nil Nil Nil 2.44 11.88 25.68

a Recovery of material was only 48 %, since a clean-up on Norite-carbon was performed.
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FIG. 2
HYDROLYTIC METABOLITES OF FENTHION AND FENOXON
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Thionase
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o-o- Dimethyl Phosphorothioic Acid

TABLE 3
HYDROLYTIC METABOLITES IN THE WATER-SOLUBLE
FRACTION OF S AND R LARVAE EXPOSED TO 1.25 ppm

32P-FENTHION FOR 2 HOURS a

Percentage ~ Weight In-

Peak SIR/g(g/g) crease
|S |R |S R |R/S

1. Dimethyl
phosphoric acid 0.7 9.1 0.17 0.72 4.2

2. Unknown
metabolite 2.4 11.2 0.61 0.87 1.4

3. 0,0-dimethyl
phosphorothioic
acid 4.7 24.3 1.16 1.88 1.6

4. Unresolved tail 1.2 3.7 0.31 0.28 0.9

Total - 9.0 48.3 [ 2.25 3.75 1.7

a Expressed as the percentage of total reactivity in the larvae.

purified by centrifugation, the S material showed
only half as much esterase activity as the R material.
Homogenates from the I strain were also significantly
more active than the S, at least on a-naphthyl acetate
(t4= 3.02), but homogenates of the DDT-resistant
strain from which the fenthion-R strain originated
were not.
When the homogenates were subjected to agar-gel

electrophoresis before incubation with the ,B-naphthyl
acetate, the activity moved to the same moderately
broad band in both strains (Fig. 4). The activity in
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1- P-OH
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Dimethyl Phosphoric Acid

FIG. 3
HYDROLYTIC METABOLITES IN SUSCEPTIBLE AND
RESISTANT LARVAE OF C. P. FATIGANS EXPOSED TO

1.25 ppm OF 32P-FENTHION FOR 2 HOURS a
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a Dimethyl phosphoric acid and O,O-dimethyl phos-
phorothioic acid and other metabolites are expressed as i&g
of fenthion equivalent per g of larvae.

the R homogenate, as judged by the colour developed
by the naphthol released at this band combining with
the diazo-blue B chromogen, was 3-4 times as great
as that of the S homogenate. Experiments with
organophosphorus inhibitors incorporated in the
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TABLE 4
ESTERASE ACTIVITIES OF HOMOGENATES INCUBATED WITH NAPHTHYL

ACETATES a

Experi- Strain Crude homogenate Centrifuged homogenate
a-naphthyl -naphthyl a-naphthyl -naphthyl

1 S 66.0±2.2 59.0±1.4 28.0±1.4 25.0±1.4

R 65.0 ±0.5 56.0 ±0.5 52.0 ±0.5 48.0±1.4

2 S _ _ 32.0±1.6 31.0±0.7

l - - 42.0±2.9 37.0±2.5

DDT-R - - 35.0±1.1 31.0±0.7

a Expressed as optical density x 100 of liberated naphthol combined with chromogen.

TABLE 5
ESTERASE AND PHOSPHATASE ACTIVITY ON NAPHTHYL ACETATE AND PHOSPHATE

IN ZYMOGRAMS WITH OR WITHOUT ORGANOPHOSPHORUS INHIBITOR

S homogenates R homogenates
Substrate Inhibitor

Control Inhibitor Control Inhibitor

0-naphthyl acetate Fenthion 10-'M 2 2 7 7

0-naphthyl acetate Fenoxon 10-4M 3 2 10 7

i-naphthyl acetate Paraoxon 10-7M 2 1 8 3

a-naphthyl phosphate Fenoxon 10-4M 2 2 8 8

0-naphthyl phosphate Fenoxon 10-4M 1 1 7 5

agar-gel plate (Table 5) showed that this band was
insensitive to fenthion, only slightly sensitive to
fenoxon, but partially inhibited by paraoxon. When
incubated with a-naphthyl phosphate at pH 4.0 or
pH 5.0, the acid phosphatase activity was found in a
single broad band in the same position as the esterase
activity, and that in the R strain was again about
4 times that in the S, and it was insensitive to fenoxon.
The alkaline phosphatase activity after incubation
with a-naphthyl phosphate at pH 7.7 or pH 8.6
migrated farther towards the anode and appeared as
a faint double band in the S but quite heavy in the
R strain; this activity was slightly inhibited by feno-
xon.
To ascertain whether the 10-4M fenoxon in the

agar plates which had failed to inhibit the esterase
and alkaline phosphatases had been broken down
by these enzyme bands, 3 hours after the electro-
phoresis a solution of bovine-erythrocyte acetylcho-

linesterase was sprayed on the plates, and they were
incubated with acetylthiocholine iodine. A red col-
our with INT was still produced in the region of the
esterase, acid phosphatase and alkaline bands, indi-
cating that they had degraded sufficient of the feno-
xon acetylcholinesterase inhibitor to allow thiocho-
line to be produced by acetylcholinesterase hydrolysis.
Moreover, there was some indication that the remain-
ing activity was greater in the R zymogram than in
the S.

DISCUSSION

Larvae of the fenthion-resistant R strain of Culex
p. fatigans were characterized by absorbing little more
than half as much toxicant as the susceptible strain,
agreeing with similar findings for the malathion-
tolerant strain of Aedes aegypti (Matsumura &
Brown, 1961b, 1963) and the Queensland DDT-
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FIG. 4
ZYMOGRAMS OF CENTRIFUGED HOMOGENATES OF R AND S STRAINS OF C. P. FATIGANS

TO COMPARE THEIR ESTERASE ACTIVITY ON $-NAPHTHYL ACETATE a
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a Electrophoresis carried out at 30 mA for 1.5 hours.



MECHANISMS OF RESISTANCE TO FENTHION IN CULEX PIPIENS FATIGANS

resistant strains of C. p. fatigans (Hooper, 1968). The
fenthion-tolerant I strain also showed a significantly
lower larval absorption rate for fenthion.
When large numbers of larvae were exposed to

fenthion, whereas those of the S strain contained
much unchanged fenthion, those of the R and I
strains contained no fenthion unchanged in the body.
However, oxidation is scarcely a detoxicative process,
since the oxidative metabolites are from one-fortieth
to one-quarter as larvicidal as fenthion itself (Stone,
1969) and inhibit fly cholinesterase in vitro at con-
centrations 100-2000 times lower (Metcalf, Fukuto
& Winton, 1963). Moreover, it was found that to
the sulfoxides and sulfones of fenthion and of feno-
xon, the R larvae were from 5-fold to 9-fold as
resistant as they were to fenthion itself.
The principal metabolic difference between the

strains was in the percentage of toxicant hydrolysed
to water-soluble metabolites. Since the R absorbed
less than the S strain, sometimes there was little
interstrain difference in the absolute amounts
hydrolysed, namely:

0.025 ppm for 12 hours
0.25 ppm for 1.5 hours
1.25 ppm for 2 hours

S(%)
53.6
34.7
9.0

R ( ,) S(Mg/g) R (ggg)
90.4 0.74 0.81
54.6 1.23 0.96
48.3 2.25 3.75

None the less, at the highest dosage and with the
most larval material the tremendous increase in per-
centage hydrolysis resulted in a sizeable increase in
absolute amounts hydrolysed by the R strain. This
is principally due to " thionase " hydrolysis to
O,O-dimethyl phosphorothioate, but the greatest
increase in the R strain was in " oxonase " hydrolysis
to dimethyl phosphate, to a level 4 times the normal.
Although homogenates in vitro failed to show any

significant interstrain difference in hydrolysis of
fenthion, agar-gel zymograms revealed that the R

strain had a fenthion-insensitive esterase band that
was 3-4 times as active on ,B-naphthyl acetate as that
in the S strain. This esterase band was also active
on a-naphthyl phosphate at an acid pH, and was
almost insensitive to fenoxon and gave evidence that
it could hydrolyse fenoxon. However, this band does
not consist exclusively of A esterase activity, as
described in insects by Metcalf et al. (1956), because
it is partially inhibited by very low concentrations of
paraoxon.

It is evident that the R larvae, with their reduced
absorption and increased percentage hydrolysis,
come to contain smaller amounts of chloroform-
soluble toxicants than the S larvae, the quantities
in ,ug/g being as follows:

0.025 ppm for 12 hours
0.25 ppm for 1.5 hours
1.25 ppm for 2 hours

s
0.64
2.31
2.05

R

0.09
0.79
1.94

This differential becomes especially great at the
lower concentrations of fenthion, closer to the
dosages applied in practice for larval control. In
fact, at 0.025 ppm the amount of chloroform-soluble
material left in the larvae was only 1/7th as much in
the R strain as in the S, fortuitously corresponding
to its 7-fold larval resistance.
The I strain, with its 3-fold resistance, showed a

significant difference from the S strain only in its
decreased absorption. Despite a materially greater
hydrolytic activity, both in percentage and in abso-
lute amount, in the I strain as compared with the S
strain, these differences were not sufficient to be
statistically significant. Moreover, the esterase activ-
ity of the I strain was significantly greater than the S
on the a-naphthyl but not the /-naphthyl acetate. It
is thus evident that the difference between the I and
the R strain may be only one of degree.
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RItSUMIt
MtCANISME DE LA RtSISTANCE AU FENTHION CHEZ CULEX PIPIENS FATIGANS WIEDEMANN

On a procede a une etude comparative de l'absorption et une souche derivee de la pr6cddente mais rendue huit
et du metabolisme du fenthion chez deux souches de fois plus resistante par selection en laboratoire. Des
C. p. fatigans, une souche normale sensible a l'insecticide larves de ces deux souches ont e exposees pendant de

6
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courtes p6riodes a des concentrations relativement fortes
de 32P-fenthion. Apres extraction au chloroforme du
materiel larvaire, on a mesure la radioactivite presente
dans la fraction ainsi obtenue ainsi que dans le solvant
aqueux ayant servi au traitement, avant et apres separa-
tion par chromatographie des principaux metabolites.

Les larves de la souche resistante ont absorbe deux fois
moins de fenthion que les larves normales et ont trans-
forme une quantite pres de deux fois superieure a la dose
absorbee en metabolites hydrosolubles. La teneur des
larves en metabolites residuels solubles dans le chloro-
forme etait trois a sept fois moins elev&e chez la souche
resistante que chez la souche sensible. On n'a note
aucune difference appreciable entre les souches sous le
rapport de la production des metabolites resultant d'une
oxydation (solubles dans le chloroforme). En revanche,
bien qu'ayant absorbe deux fois moins de fenthion que
les larves sensibles, les larves resistantes ont produit
70% de plus de metabolites resultant d'hydrolyses; le
plus important de ces metabolites hydrosolubles etait
l'acide dimethyl-thiophosphorique mais c'est surtout la

production d'acide dimethyl-phosphorique qui etait
augmentee. Cette augmentation atteignait quatre fois
la normale, ce qui permet d'attribuer a la souche resis-
tante une capacite tres accrue d'hydrolyse due a l'activite
d'une enzyme du type oxonase.

L'activit6 esterasique des homogenats obtenus a partir
des larves a ete mesuree par electrophorese en gel de
gelose. On a pu mettre en evidence une zone principale
d'activite hydrolytique sur l'acetate d'a-naphtyle et
l'acetate de/-naphtyle plus forte chez la souche resistante.
Un meme phenomene a ete constat6 en presence de
phosphate d'a-naphtyle et de phosphate de /3-naphtyle.
Cette activite n'a ete que peu affectee apres addition de
fenoxon et 1'enzyme s'est revelee capable d'hydrolyser
le toxique anticholinesterasique.
Des essais ont egalement ete effectues avec une troi-

sieme souche de C. p. fatigans presentant une resistance
au fenthion trois fois plus 6levee que celle de la souche
normale. L'insecticide a e relativement peu absorbe,
mais le pouvoir de detoxication n'a pas ete augmente de
manimre significative.
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