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ABSTRACT

Toxicity of fenobucarb, chiorpyrifos, fenitrothion and dichlorvos
insecticides against adult stages of the termites and the sweet potato
weeviis was estimated. LCsq values were 1.2, 0.224, 0,368 and 1.12
ng/mg body weight respectively for the termites, and 1350, 17.2, 18.8
and 660 ng/mg body weight for the sweet potzto weevils. All these
compounds were much more active agzinst termites than the sveet potato
weevils.  Chlorpyrifos was the most active insecticide against both
insects foliowed by the two other organobhosphorus compounds
(fenitrothion and dichiorvos). The carbamate fenobucarh was the least
effective,

The biochemical resistance mechanisms were studied by using the
crude homogenates of the resistant individuals of both insect adult stages,
which had survived through the treatments by the LCs values of the
insecticides mentioned above. The in vitro studiss resulted in insecticide
degradation products. Insect mechanisms of resistance were investigated
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by calibrating each insecticide and its degradation products on TLC and
by gas chromatography. A clear correlation between the two analytical -

methods showed that the resistance mechanism in the termites was
mainly due to esterase hydrolysis of all insecticides used. The results for -9
the sweet potato weevils were not conclusive. Therefore the resistance
mechanism may be due to other detoxification enzymes included in the -

insect supernatant, such as oxidases or glutathione S-transferase.

Key words: Fenobucarb, chlorpyrifos, fenitrothion, dichlorvos, toxicity
resistance mechanisms, the termite and the sweet potato weevil.

INTRODUCTION

Smith, in 1941, was the first one to realize that insecticide
resistance is due to interaction of genetic variability and selection with .

insecticides. Later on, development of insect resistance to insecticides
was intensively studied and numerous review articles were published.

The studies were carried out to obtain a better understanding of the
genetic bases and biochemical changes in resistant insects (Oppenoorth

1985).

The biochemical mechanisms of insecticide resistance have been
attributed mainly to: (1) changed sites of action conferred by reduced
neuronal sensitivity of altered ACHE, the target enzyme of
organophosphorus and carbamate insecticides or reduced neuroreceptors
and ion channels, as a toxic action of DDT and pyrethroids compounds,
which is a factor conferring resistance by a rapid paralytic (kdr)asa
lethal action of these compounds. (2)increased detoxification bythre'e‘?
groups of enzymes; esterases, oxidases and glutathione S-transferases, ..L'f'"
which hydrolyze all classes of insecticides except the chlorinated
cyclodienes. Esterase enzymes were responsible for resistance found if.tf
insect homogenates.  Hydrolysis of ester bonds by esterase play a-ff
significant role in the metabolism of organophosphorus, carbamates and
pyrethroids, but carbamate hydrolyms plays only a minor role in insects. 4
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Several reviews deal with the role of esterases in the metaboliom of
insecticides {Dauterman 1985 and Oppenoorth 1985). Glutathione S-
transferases are also groups of detoxification enzymes but their action is
mainly restricted to detoxification of organophosphorus, indan and
DDT. Their role in insect resistance was reviewed by Dauternian 1983,
Oppenoorth 1985 and later on by Carlini et al 1995. These enzymes
catalyse a first step in the detoxification e.g. by transferring methyl or p-
nitrophenyl group of methyl parathion to the sulfur atom of reduced
glutsthione.  Glutathione S-transferases are found in the insect
supernatant of homogenates at low speed centrifugation. Esterase’s and
glutathione S-transferase’s enzyme activities are mainly higher in
resistant insects than in susceptible ones. In several cases of resistant
insects, one or more mechanisms can cause the insecticide resistance
(Scharf et al, 1998 and 1999). Microsomal oxidation enzymes differ
from the two other mechanisms discussed, since these enzymes are found
in the endoplasmatic reticulum, and can be obtained only by high
centrifugation at  approximately 100,000 rpm. Therefore, the
detoxification enzymes which degraded insecticides used in this study,
belong to the esterases included in the whole termite homogenates used.
They hydrolyze these insecticides to two products, aswas clear fiom
calibrating each insecticide hydrolysis product on TLC and by gas
chromatography.

MATERIALS AND METHODS

Chemicals: Insecticides used were obtained from Ryukyusankei
Co. Ltd (Okinawa, Japan), and each had purity of more than 97%. They
are. widely used in agriculture for the control of various insects. Figure 1
‘shows the chemical structures of these insecticides and their expectad
“hydrolysis products for the water and organic phases.
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Experimental Insects: The adult stages of termites used in the
experiments were collected from infested trees on the mountains of the
University of the Ryukyus, Agricultural Faculty’s farm in Okinawa. The
sweet potato weevil adult stages used were a field strain collected from
Okinawa island and reared in the laboratory on sweet potato roots at
room temperature.

Susceptibility test: Toxicity of four insecticides was tested
against adult stages of termites and the sweet potato weevil by using
residue method of insecticide solutions in acetone. Test insects were
placed in petri dishes for 48 hrin which 200 ! of each concentration
were applied. LCsy values were statistically calculated according to
Finney’s probit analysis in 1972.

Calibration of the metabolites or degradation products of
insecticides unsed. The calibration and analytical methods were used
according to Tokieda ef al 1997, with only some modification made.
Fifteen of the adult stages of termites and sweet potato weevils, which
survived afler 24 hr of treating them by LCso value of each insecticide,
were used. Adult individual termites weighed an average of 37.5 mg and
sweet potato weevils 60 mg. Surviving insects were homogenized in 200
ul of ice sodium phosphate buffer 0.1 M pH 7.0 (consisting of 297 mi of
0.1 M NaOH and 500 ml of 0.1 M KH;PO, diluted with distilled water to
1000 m!) and prepared with buffer solution to 1 m! final volume ina 10
mi glass tube. 10 ul of each insecticide (final concentration 107 ug) were
added to the crude homogenate of the insect (which included the soluble
and insoluble degradation enzymes). Homogenates and insecticides
incubated for 30 min at 37° C in a water bath while shaking. Following
the incubation time, 5 ml of 0.5 N NaOH solution were added to stop the
enzyme’s reactions. The aqueous solution was shaken with 30 ml of
mixed solvent of methano! and acetone (1+2 v/v) for 10 min in a 50 mt
vessel. Then the vesse! contents were filtered through a sodium sulfate
anhydrous layer (3 cm thickness) in filter paper wattman No 2 and
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organic phase of acetone and methanol mixed solvent were collected ina
new vessel. Four different volumes of methanol and acetone mixtures
were used to extract insecticide hydrolysis products of water (mobile)
phase filtered through the sodium sulfate anhydrous layer.
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Fig (1): Fenobucarb, chlorpyrifos, fenitrothion and dichlorvos and
their expected degradation products by hydrolsis enzymes.

The uneffected insecticide or metabolites and degradation
products were extracted in a mixed solvent, including organic and water
phase combined and filtered through a column of silica gel 60 GC 10 cm

&
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length and 2 cm inner diameler. The extracts of the insecticide were
unaffected and the metabolites or the degradation products were taken
out of the sitica gel column with 100 m! acetone. Each sample obtained
was concentrated to 10 ml at 40°C in a water bath. Controls of each
insecticide (A) and each insect homogenate (B) were studied as described
above.

Analytical Methods:

(2). Thin Layer Chromatography (TLC). Precoated silica gel 60
F254 chromatoplates (20 x 20 ¢m, 0.25 mm thickness, E. Merck, FR.G)
and chloroform-acetone (1:1 v/v) solvent system were used. Insecticides
used, their degradation products and insect homogenate spots on TLC
were detected under UV light (Topcor FI-31, Tokyo Kogakukikai Kiki,
Japan).

(b). Gas chromatography (GC). Analysis of the parent compounds
of the termite and sweet potato weevil insect homogenates, insecticides
and their degradation products was carried out in gas chromatography,
GC-14A-Shimaddzu system, equipped with a flame thermionic detector
under the following conditions: column, G-100 (1y,1.2mmi d x40 m)
injector and detector temp., 160°C; column oven temp., 140°C ; carrier
gas (He) flow rate, 10 ml/min; gas pressure for Hz and air, 0.5 and 0.6
I;g/cm’. 1.5 ul of sample solutions in acetone were injecied into the
machine. Insecticides and their degradation products were characterized
by TLC spots as well as by GC calibration curves.

RESULTS AND DISCUSSION

Insecticidal activities of fenobucarb, chloropyrifos, fenitrothion and
dichlorvos against two field strains of termites and sweet potato weevil
were assayed. As shown in Table 1 termites were much more susceptible
t0 all insecticides than the sweet potato weevil. Ratios of LCsy’s values
for these insecticides with the sweet potato weevil to that with the
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termites were 1125, 77, 51 and 589-fold, respectively. That is possibly
because the termites lived inside of wee trunks where little or no
insecticide residues reached them. The differences in susceptibility
between the population individuals may be due only to their genetic
variability. = However, the sweet potato weevil is one of the most
destructive pests for the sweet potato plant (Jpmoea batatas) all over the
world and as such, comes into constant contact with insecticides. Larval
and adult stages feed on shoots and roots. In the present study
chlorpyrifos was the most active compound showing lethal activity on
the two strains. Jackson ef al, in 1998 also studied the insecticidal
activities of a series of amides and esters of benzofuran 2-carboxylic actd
against adult stages of the sweet potato weevil, which were more active
compared with the dimethoate insecticide activity.

Table (1): Toxicity of some insecticides against the adult stages of
termite (T*) and sweet potato weevi{ SPW**),

L al48h Confidence hmits Ralio of 1.Cs's of
Insecticide {ng/mg body weight) {ng/mg body weight) SIPW*LCsy' 5 of
T* Spwes T Spwes Termites
{I;) Fenobucarb 12 1350 0.32-8.8 . 990-2330 1125-Fold
() Chioroprifos 0.224 172 0.064-1.520 7-64 77-Fold
(1) Fenitrothion 0.368 18.8 0.05-7.2 790 51-Fold
(1) Dichlorvos 112 660 0.04-240 280-2800 589-Fold
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Two analytical methods have been used to study the biochemical
mechanisms of those insecticides mentioned above. The homogenates of
resistant insects, which survived after treating them with the 1.Cs values
of insecticides, were used. The insecticide unaffected, and its
metabolites or degradation products were calibrated using two methods.
First the presence of the degradation products of the insecticides was
studied on silica gel TLC and the biochemical mechanisms of resistance
were investigated. In Table 2, columns one and two show the R¢ values
for the insecticides used and the termite homogenates respectively.
Column three shows the Ry values for the termite homogenates when
incubated with the insecticides. Results confirmed the presence of two
hydrolyzing products for all insecticides used. This identification was
also clear from the results obtained from gas chromatography analysis, as
shown in Figures 2 and 3. These two patterns of the hydrolysis products
on TLC were similar to the products that were eluted through the GC
calibration curves in different retention times. Both of the resulis
obtained by the two analytical methods showed that enzymes belonging
to esterases hydrolyzed ester bonds of all the compounds in resistant
individual termites. Konno, in 1996, found that the carboxylesterase
activity of the rice stem borer, Chilo suppressalis (Waiker), was
responsible for resistance to fenitrothion, one of the four insecticides we
used.  Chlorpyrifos and two other organophosphates were used by
Baskaran ef al 1999 as termiticals. They investigated the degradation
behaviour of these compounds on soil. Chlorpyrifos was the most
unstable one and was degraded to primary metabolie (TCP) 3,5,6-
trichloro-2-pridinal by microorganism degradation enzymes.
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Table (2): Thin layer chromatographic Ry values of insecticides used
(column 1), termite homogenate (T) (column 2) and
insecticides products hydrolyzed by termites degradation
enzymes (column 3).

Column! Column 2 Column 3
Insecticides Ry Bpotsof(T) { Ry | Spots | With | With | With | With
Eomogmale 5 1, I L
Ry R Ry R¢
(1)) Fenobucarb | 0.51 | 8, 002 |8 003 {002 006 006
(%) Chloropyrifos | 0.75 | 8, 037 | S, 0.16% 1019 1022¢ {017
(I;) Fenitrothion | 0.79 | S, 045 | 8, 038 [030 o038 1034
(14) Dichlorvos 049 | S, 061 | 8, 0.52 0.41 0.46 047
Ss 064 053 (059 {059
Se 076%* | 0.72%* 10.71%* | D.65%*

*Product 1, **product 2.

Fenotucart (L)  Chlorpyrifos (L) Feriitrwibion (1) Dichiorvos (L) SPWH ‘Termi
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:

Fig (2): Gas chromatography chromatograms of insecticides used in
amounts of 1.5 ng {in 1.5 m! acetone) as shown in A and
insect homogenates as shown in B.
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Fig (3): Gas chromatography chromatograms of insecticides used and
their hydrolysis products degraded by termiie enzymes
compared with A and B. (1 is recovered insecticide, 2 and 3
are degradation producis, and * is fenitrothion hydrelysis
product with parent insecticide).
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Fig (4): Gas chromatography chromatograms of the four insecticides
incubated with the SPW homogenates showed no differences
between them and the pareni compound of the insect
homogenate.

The most interesting finding in our study is that termites hydrolyse
ester bonds of the carbamate compound (fenobucarb), as well as
organophosphorus ones by esterases, which are known to play only a
minor role in insects. On the other hand, there were no clear results
abserved from either of the two analytical methods conducted on the
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homogenates of the sweet potato weevil resistant individuals. Figure 4
shows the results of the gas chromatography chromatograms calibration
curves. In addition, no spots ran over and separated on silica gel plates
with acetone-chloroform (1:1 v/v) or methanol-acetone (1:1 v/v) solvent
systems.

Therefore, new experiments are still to be developed for using the
supernatant of the sweet potato weevil homogenate on low and high
speed centrifugations, in order to explore the group of detoxification
enzymes, such as glutathion S-transferase or microsomal oxidation
enzymes, which could be responsible for resistance, or otherwise may
degrade insecticides.
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