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Abstract

Insecticide resistant strains of mosquitoes is considered as a main problem
in controlling malaria and dengue diseases. In the present study, a fenitrothion
resistant strain (FEN-R-strain) of Culex pipiens larvae in Assiut University, As-
siut Egypt, proved to have a high level of cross-resistance against the organo-
phosphate insecticides. Cross-resistance to malathion (RRs, = 634.86-fold) was
higher than that of fenitrothion (RRsy = 426.70-fold), whereas the cross-
resistance to diazinon (RRsy = 97.86-fold) was lower than that of fenitrothion.
RRsy on the other hand, the resistant strain had low level of cross-resistance to-
ward chlorpyrifos (RRs, were 31.8-fold) as compared with the other tested orga-
nophosphates. The results revealed that larvae of FEN-R-strain displayed slightly
high cross-resistance to the pyrethroid insecticide deltamthrin (RRsy = 22.32-
fold), moderate cross-resistance to cypermthrin (RRs, = 16.90-fold) and permeth-
rin (RR5o = 12.64-fold) and lless cross-resistance level was to fenvalerate (RRsy =
1.67-fold). Larvae of FEN-R-strain displayed high cross-resistance to the carba-
mate insecticide propoxure (RRs, = 10.18-fold), low cross-resistance or tolerance
to carbaryl (RRsy = 4.13-fold) and very low cross-resistance or tolerance to me-
thomyl (RRso = 1.96-fold).Data also indicated that larvae of the FEN-R-strain of
Culex pipiens displayed slight cross-resistance to the bioinsecticide spinosad
(RRsp = 250.53-fold) and low cross-resistance or tolerance to avermectin (RRsy =
8.52-fold). Larvae of FEN-R-strain showed moderate cross-resistance or toler-
ance to the insect growth inhibitor insecticide pyriproxyfen (RRs, = 10.30-fold).

The variability in cross-resistance values in larvae of FEN-R-strain of Cx.
pipiens to different conventional insecticides seem to indicate the absence of sin-
gle mechanism controlling resistance among and within the insecticides classes
(organophosphate, pyrethroide, carbamate, bioinsecticide and IGR insecticides).
This pattern suggests multiple mechanisms of resistance, 1.e. metabolic resistance
and insensitive target site.
Keywords: Insecticide resistant, Cross-resistance, Mosquito, Culex pipiens, Fenitro-
thion.

Introduction

The common and widely distri-
buted mosquitoes across Egypt, Cu-
lex pipiens (Linnaeus) has been in-
criminated as the main vector of ban-
croftian filariasis (Southgate, 1979),
and Japanese encephalitis. Over 120

million people from 83 countries are
physically disabled by lymphatic fila-
riasis caused by Culex mosquitoes
(WHO, 1995). For the last 50 years,
pesticides have been widely used to
control mosquitoes. In 1989, among
the 504 arthropod species that had
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become resistant to one or more in-
secticide families, 114 were mosqui-
toe species, the most important vector
of human diseases (Georghiou and
Lagunes-Tejeda 1991). A limited re-
sistance mechanisms, including mod-
ification of target site, or changes in
rate of metabolism involving esteras-
es, glutathione S-transferases or mo-
nooxygenases operate in all insects.
The development of resistance has
been apparent since the 1950's, but
the scale of the problem has been
poorly documented. Few new public
health insecticides have been devel-
oped for controlling of disease vec-
tors for the past three decades without
good stewardship. These insecticides
will cease to be effective for vector
control. This may have a dramatic
effect in disease endemic countries,
as few affordable alternative insecti-
cides can rapidly be made available
for vector control. The ability to op-
timally measure and manage insecti-
cide resistance in field populations of
insects is crucial to the long term sus-
tainability of insecticide-based dis-
ease control campaigns by (Coleman
and Hemingway, 2007). The objec-
tive of this study have investigate re-
sistance pattern of a fenitrothion re-
sistant strain (FEN-R-strain) of Cx.
pipiens larvae.
Materials and Methods
1. Insecticides

The toxicants used in the
present experiments belonged to or-
ganophosphates, the synthetic pyreth-
rioids, carbamates, bioinsecticides
and IGR compounds. Organophos-
phorus compounds were:
Chlorpyrifos; Dursban (48% E.C)
(Dow Chemical CO.), Diazinon; Di-
azin (5% G) (K.Z. CO.), Fenitrothion
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; Sumithion (50% E.C) (Sumitomo
Chemical CO.) and Malathion; Agro-
thion (57% E.C) (Agro Chemical
CO.). Carbamate compounds were:
Carbaryl ; Sevin (1% Dust) (K.Z.
CO.), Methomyl ; Lannate (90%
W.S.P) (Dobon di numorz CO.USA)
and Propoxur Technical grade. (Su-
mitomo Chemical CO.).

Pyrethroid compounds were:
Cypermethrin; Ripcord (10% E.C)
(Shell international Chemical CO.),
Deltamethrin; K-othrin (2.5% W.p)
(K.Z. CO.), Fenvalerate ; Sumicidin
(20% E.C) (Sumitomo Chemical
CO.) and Permethrin, Technical
grade. (Sumitomo Chemical CO.),
Bioinsecticide  compounds  were:
Abamectin; Vertemic (1.8% E.C)
(Syngenta. CO.) and Spinosad; Spi-
notor (24% S.C) (Dow Agro Chemi-
cal CO.) and IGR compound was:
Pyriproxyfen; Admiral (10% E.C)
(Sumitomo Chemical CO.).

2- Chemicals Used as surfactants

TritonX100 (100% purity, BDH
Chem, Ltd. Poole England)

3- Insect strains

Two strains of Cx. pipiens were
used in this study as follows:

A- Susceptible strain
strain)

The susceptible strain used in
the present study was brought from
the Institute of Veterinary and Medi-
cal Insects in Cairo, which reared in
the lab for 5 years away from any in-
secticidal pressure.

B-Resistant strain fenitrothion
(FEN-R-strain)

This strain was obtained by se-
lecting a part of the parent field strain
(which was collected in season of ab-
undance, from Faculty of Agriculture
Farm, Assiut, University, Assiut Go-

(S-
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vernorate.) (~10000 4™ instar larvae)
with the OP insecticide fenitrothion.
Selection pressure was carried out by
dipping the 4™ instar larvae for fifteen
successive generations at the LCs
level of each generation.
4- Collecting and rearing tech-
niques

All strains transferred to labora-
tory of Plant Protection Department,
Fac. Agric., Assuit University and
reared under laboratory conditions of
25+2 C° and 60+£5% R.H. throughout
the study. Mosquito (S-strain, fenitro-
thion resistant strain) rearing was
maintained in enamel trays. Trans-
formed pupae were collected from the
aforementioned trays by means of a
wide mouth glass dropper, then pi-
pette into Petri dishes that were
placed in the adult cages (30cm di-
mensions). The emerging males were
fed on 10% sucrose solution and fe-
males were fed on pigeon breast
blood meat, respectively. Suitable
containers for egg-laying were pro-
vided to the cages 48 hours after adult
emergence and female feeding for
egg-laying. Receptacles containing
egg rafts were daily collected from
the cages, then the newly hatched lar-
vae were then transferred to the
breading trays, each containing 2 inch
high tap water and provided with 500
larvae of the same age. After twenty
four hours, the hatched larvae were
fed on fresh yeast and protein which
was evenly sprinkled on the water
surface twice daily. The left over
yeast, that was not ingested, was
carefully removed with a medicinal
dropper. Mass-rearing colony of all
stages was maintained at 25+2 C° and
60+5% R.H. Temperature and rela-
tive humidity readings were daily
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measured using a thermograph and
hydrograph, respectively.
5- Bioassay tests

A- Toxicity studies

Sensitivity  of  investigated
strains (S-strain and FEN-R-strains)
of Cx. pipiens to the tested insecti-
cides was checked in accordance with
procedure described by the WHO
(1981). The 4™ instar larvae were
used in the course of the present
study. To the beakers, which were
used for testing the insecticides a vo-
lume of 225 ml of tap water was add-
ed. Then 0.5 ml of different concen-
trations, in acetone, of each insecti-
cide plus Triton X0y was separately
added to those beakers. The final
concentration of Triton X;o, was 10
ppb. The serial concentrations of each
insecticide tested were sufficient to
cover almost a complete range of
mortality. Three replicates per each
concentration were used and each
replicate contain 20 4™ instar larvae.
Mortality was recorded 24 h after
treatment. Control was made with 0.5
ml acetone plus Triton X;o. Temper-
ature was maintained at 27+1 C° dur-
ing bioassay. The mortality percen-
tages were corrected using Abbot's
formula (1925). Concentration- mor-
tality regression lines were analyzed
using a computer program modified
from the method of Finney (1971) to
estimate the LCs,, the confidence lim-
its and slopes of LCp lines.

B- Cross-resistance studies

The cross-resistance value for
each tested insecticide was calculated
as:

LCsy value of resistant strain
(FEN-R-strain)/ LCsy value of
susceptible strain (S-strain).

Results and Discussion
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To investigate the cross-
resistance spectrum in FEN-R-strain
(426.7-fold resistance to fenitrothion)
of Cx. Pipiens larvae, the toxicity of
thirteen insecticides including orga-
nophosphates (chlorpyrifos, diazinon
and malathion), pyrithroids (cyperm-
thrin, deltamthrin, fenvalerate and
permethrin), carbamates (carbaryl,
methomyl and propoxur) bioinsecti-
cids (avermectin and spinosad) and
the insect growth inhibitor pyriprox-
yfen were tested against 4th instar
larvae of FEN-R-strain and S-strain.
Resistance ratios (RR50) were calcu-
lated by dividing the LC50 of the
FEN-R-strain by the LC50 value of
the S-strain for the same insecticide.
The data presented in Table 1 and
Figures 1 and 2. Resultus indicate
that the FEN-R-strain of Cx. pipiens
larvae exhibited different levels of

cross-resistance to the tested organo-
phosphates insecticides, the cross-
resistance could be ranked in des-
cending order of resistance ratio
(RR50) as follow: malathion (634.86-
fold), diazinon (97.86-fold) and
chlorpyrifos (31.8-fold). The cross-
resistance to the tested pyrithroid in-
secticdes could be ranked in descend-
ing order: deltamthrin (22.32-fold),
cypermthrin (16.0-fold), permethrin
(12.64-fold) and fenvalerate (1.67-
fold). Carbamate insecticides could
be ranked as follow: propoxur (10.18-
fold), carbaryl (4.13-fold) and me-
thomyl (1.96-fold). Bioinsecticides
could be ranked as follow: spinosad
(250.53-fold) and avermectin (8.52-
fold). The cross-resistance to the
tested insect growth inhibitor insecti-
cide pyriproxyfen was 10.30-fold.

Table 1. Toxicity and cross resistance of certain insecticides against the 4™ instar
larvae of the fenitrothion selected strain (FEN-R-strain) and the susceptible

strain (S-strain) of Cx. pipiens.

S-strain FEN-R-strain
S |Insecticides LCs LCs C. Limits 95% (a)
ng/L ng/L Lower | Upper Slope + S.E RR
Organophosphorus
1 | Fenitrothion 0.720 307.227 229.012 381.436 3.7040.85 426.71
2 | Chlorpyrifos 0.601 19.222 12.836 25.280 1.91+0.35 31.98
3 |Diazinon 0.427 41.789 30.259 52.719 2.10+0.45 97.86
4 | Malathion 0.116 73.644 60.237 91.375 2.35+0.38 634.86
Pyrthroides
5 | Cypermthrin 0.103 1.741 1.374 2.279 2.1940.33 16.90
6 | Deltamthrin 0.266 5.938 5.434 6.498 5.94+1.10 22.32
7 | Fenvalerate 0.334 0.558 0.510 0.605 6.31£1.11 1.67
8 | Permethrin 0.367 4.640 4.171 5.113 5.2940.92 12.64
Carbamates
9 |Carbaryl 0.380 1.571 1.306 1.974 2.77+0.45 4.13
10 | Methomyl 5.869 11.516 9.556 13.912 2.93+0.46 1.96
11 | Propoxur 1.730 17.611 13.080 21.563 2.60+0.47 10.18
Bioinsecticides
12 | Avermectin 0.257 2.190 1.747 2.625 2.79+0.48 8.52
13 | Spinosad 0.017 4.259 3.849 4.630 6.294+0.97 250.53
Insect growth inhibitor
14 [Pyriproxyfen | 0033 | 0340 [ 0289 [ 0389 [ 3.70+0.69 [ 10.30

(a) RR: Cross resistance = LCsg of the tested insecticide in FEN-R strain /LCsy of the

same insecticide against S-strain.
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Fig. 1: Relationship between probit equivalent to percentages of mortality and log cocentra-
tions (ug/L) of (1) fenitrothion, (2) chlorpyrifos, (3) diazinon, (4) malathion, (5) cyperm-
thrin, (6) deltamethrin, (7) fenvalerate, (8) permethrin, (9) carbaryl, (10) methomyl, (11)
propoxur, (12) avermectin, (13) spinosad, and (14) pyriproxyfen applied to 4™ instar lar-
vae of fenitrothion. resistant strain (FEN-R-strain) of Cx. pipiens
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Fig. 2: Resistance ratio (RRsp) of certain insecticides in fenitrothion resistant strain (FEN-R-
strain) in relation to the susceptible strain (S-strain) of Cx. pipiens larvae.

Valles et al. (1997), Kerns and
Gaylor (1992) and Liu et al. (2004)
suggested that an insect strain with
resistance ratio (RRsg) value of <10 is
considered tolerant, while that with
RRso value of 10-20 is moderately
resistant and that with RRs, value of
>20 is highly resistant. This classifi-
cation was taken into consideration
with the tested insecticides in the
present study.
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From the above mentioned re-
sults, the FEN-R-strain proved to
have a very high degree of cross-
resistance to all the tested organo-
phosphates but in different levels.
Cross-resistance to malathion (RRs, =
634.86-fold) was higher than of feni-
trothion (RRs5y) = 426.70-fold), whe-
reas the cross-resistance to diazinon
(RRs5p = 97.86-fold) was lower than
the RRs, of fenitrothion. On the other
hand, the resistant strain had an even
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lower degree of cross-resistance to-
ward chlorpyrifos (RRsy were 31.8-
fold) as compared with other tested
organophosphates. The high cross-
resistance to organophosphates seem
to be conform with the hypothesis
that cross-resistance was highly ob-
served when the toxicant is chemical-
ly similar to the one used in the selec-
tion. This is expected as similar in-
secticidal structure indicates a likely
common mechanism(s) of action and
detoxification Bracco et al. (1999).

Hidayati et al. (2011) stated that
the level of resistance to fenitrothion
in Ae. Aegypti may result from conti-
nuous exposure to the selection pres-
sure with malathion which is the
same insecticide class. The results
that the mosquitoes are more resistant
to fenitrothion compared to malathion
are similar to the study of Bracco et
al. (1999). Corena et al. (2002) re-
ported that the increase in resistance
to temephos over six generations was
associated with an increase in resis-
tance to some other organophospho-
rus insecticides (fenitrothion, fen-
thion and malathion).

Table 1 and Figures 1 and 2 re-
vealed that larvae of the FEN-R-
strain displayed relatively high cross-
resistance to the pyrethroid insecti-
cide deltamthrin (RRs, = 22.32-fold)
moderate cross-resistance to cyperm-
thrin (RRso = 16.90-fold) and perm-
thrin (RRsyp = 12.64-fold) and less
cross-resistance was to fenvalerate
(RRsp = 1.67-fold). As expected,
cross-resistance to insecticides struc-
turally unrelated to the selecting OP-
insecticide (fenitrothion) was far less
than that of other OP-insecticides.
This finding supports the use of in-
secticides structurally unrelated to

29

overcome the phenomenon of cross-
resistance in Cx. pipiens larvae.

This result is in agree with Co-
rena et al. (2002) who found signifi-
cant increase in resistance to delta-
methrin with temephos selection. A
surprisingly relative high increase in
resistance was detected to deltameth-
rin (71.05-fold), low level of resis-
tance was detected with cyfluthrin
(5.76-fold) and cypermethrin (1.80-
fold).

Table 1 and Figures 1 and 2 re-
vealed that larvae of the FEN-R-
strain displayed relative high cross-
resistance to the carbamate insecti-
cide propoxure (RRsy = 10. 18-fold),
low cross-resistance or tolerance to
carbaryl (RRsy = 4.13-fold) and very
low tolerance to methomyl (RRsy =
1.96-fold). Usually, when a resistant
strain 1s selected with an insecticide,
resistance extends to other com-
pounds of the same class of insecti-
cides or to compounds with similar
modes of action (Liu et al., 2004).

Larvae of the FEN-R-strain dis-
played relatively  high  cross-
resistance to the bioinsecticide spino-
sad (RRsy = 250.53-fold) and low
cross-resistance or tolerance to aver-
mectin (RRsy = 8.52-fold). The level
of resistance toward spinosad in
FEN-R-strain in the present study
was not in agreement with those re-
ported by several investigaors. In
their review on spinosad, as natural
product for larval mosquito control,
Hertlein et al. (2010) reported that
spinosad acts on the postsynaptic ni-
cotinic acetylcholine and GABA re-
ceptors of insects and has been de-
monstrsted to possess a unique mode
of action not shared by any other
known insecticidal class of chemistry
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(Salgado and Sparks, 2005). Accord-
ing to Valles et al., 1997, it was re-
vealed that lower susceptibility of 7-
fold to abamectin in the field strain is
considered tolerant rather than resis-
tant. The present results indicate that
the mechanism(s) responsible for
high level of resistance against orga-
nophosphates confers no cross-
resistance to abamectin.

Larvae of the FEN-R-strain dis-
played relative low tolerance to the
insect growth inhibitor insecticide py-
riproxyfen (RRso = 10.30-fold). Re-
sistance to the IGR insecticide, pyri-
proxyfen in larval stage of field popu-
lations representing certain Culex,
Aedes and Anopheles mosquito spe-
cies were investigated. The obtained
data by Selim (2001) revealed that
the LCs, value for pyriproxyfen to 4"
instar larvae of a field strain of Cx.
pipiens was 0.0091 pg/ml compared
with 0.0009 pg/ml for susceptible
strain, indicating that the field strain
exhibited 10.11-fold resistance to py-
riproxyfen.

From the abovementioned re-
sults, the FEN-R-strain of Cx. pipiens
larvae proved to have degree of
cross-resistance to all the tested in-
secticides but in different levels. For
example, with respect to the tested
OP-insecticides, the FEN-R-strain
had high level of cross-resistance to-
ward malathion (RRs, = 634.86-fold)
whereas RRs, value was only 31.98-
fold to chlorpyifos Among the car-
bamate insecticides, the FEN-R-strain
exhibited high level of cross-
resistance against propoxure (RRsy =
10.18-fold), whereas RRs, value was
only 1.96-fold to methomyl. Interes-
tingly, the FEN-R-strain proved to
have high level of cross-resistance to
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deltamethrin (RRs5, = 22.32-fold),
whereas the RRs, values for fenvale-
rate was less than 1.67-fold. General-
ly, among the tested anticholineste-
rase insecticides, cross-resistance le-
vels to OP insecticides were higher
than those of carbamate insecticides
in the tested FEN-R-strain. However
it exhibited high level of cross-
resistance toward the tested anticho-
linesterases compared with the tested
pyrethroid insecticides. Moreover the
FEN-R-strain exhibited high level of
cross-resistance toward the bioinsec-
ticide spinosad (RRsy, = 250.53-fold),
whereas the RRs, values for avermec-
tin were less than 8.52-fold.

The variability in  cross-
resistance values in larvae of the
FEN-R-strain of Cx. pipiens larvae to
different conventional insecticides
seem to indicate the absence of a sin-
gle mechanism controlling resistance
among and within the insecticides
classes (OPs, pyrethroides, carba-
mates, bioinsecticides and IGR insec-
ticide). This pattern suggests multiple
mechanisms of resistance, i.e. meta-
bolic resistance and insensitive target
site. Diverse resistance mechanisms
have already been identified in sever-
al strains of field collected mosqui-
toes (Weill et al., 2003 and Liu ef al.,
2005). Multiple mechanisms acting in
concert seem to be common pheno-
mena in insecticide resistance of
mosquitoes (Brengues et al., 2003
and Liu et al., 2005). Interactions of
these mechanisms obviously results
in increasing level of cross-resistance.
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