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ABSTRACT 

In the present study the Culex pipiens larvae were subjected to continuous 

laboratory selection with baygon for 15 successive generations. Resistance to 

baygon was increased gradually throughout the successive generations of 

selection, but after 12 generations of selection the level of resistance was suddenly 

Increased to 49.5 trmes hrgher than the parent larvae Moreover, the resistance 

level was found to be 308.7 trmes more reststant than the parent at the end of 

selected generation (FI5) The slope functron values of the regressron lines were 

gradually decl~ned w~th selectton mdcatrng progression of the development of 

resistance. This C. pipiens -resistant strain (FI5) was left without propoxur 

treatment pressure for 18 successive generations. The results showed that the 

levels of resistance gradually decreased during the successive relaxed generations 

compared to the normal strain. It reached about one-tenth the level of R-strain after 

18 relaxed generations. The obtained results also showed that the pattern of cross - 

resistance to some insecticides and lGRs in baygon -resistant strain indicating no 

clear cross-resistance between baygon and all tested insecticides (sumithion 3 fold, 

daiazinon 1.46 fold, sumicidin 1.7 fold & permethrin 1.22 fold), only dursban 

insecticide recorded a positive correlation with 4.8 fold. The lGRs results showed 

also no correlation to the baygon -resistant strain. 

INTRODUCTION 

The extensive use of the chemical insecticide all over the world for the 

control of economic insect pests and medically important vectors of many diseases 
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were led to the development of hrgh levels of res~stance to these used ~nsect~c~des 

Accordmg to World Health Organrzat~on (W H 0 ) th~s phenomenon constitutes a 

serious threat to ,the successful control of such pests Resistance has been 
' , 

reported not only by the new synthet~c ~nsect~c~des but also to the Insect growth 

regulator, chemosterrlants and even some of the biological control agents (Sawckl, 

1979) Serrous attention has been paid to study thls phenomenon from varlous 

polnts of vlew hoprng to overcome it as reported by Mouchet, (1964) and Georgh~ou 

et a/., (1966). Lee et a1 (1996) reported that the larvae and adults of Culex 

tritaeniorhynchus showed high resistance to all the highest diagnostic dose of the 

organophosphate and carbamte insecticides with mortality range of 0.0 apprx 

36.0% in Pyongtaek and in Illusan. Nielsen-Leroux et a/., (1997) reported that field 

Culex pipiens pipiens ( L )  mosquitoes that were collected after a control failure with 

Spherimos in southern France developed high resistance (gt 10,000fold) to Bacillus 

sphaericus crystal toxin after 8 generations of laboratory selection. Gonzalez et al. 

(1996) studied the resistance change to different insecticides in Culex 

quinquesfasciatus strain select at the laboratory with doses of pyrethroid lambda- 

cyhalothrin that would cause a larva mortality of 90 %, it was attained an increase 

of the resistance to this insecticide of 144.5 times compared with the original level, 

and it was obtained a resistant strain (287~).  There was an increase of the levels of 

resistance to methyl-pyrimifos (2.4 times), propoxur (6 times), DDT (5,2 times), 

clorpirifos (22 time), cypermethrin (67.5 times), and deltamethrin (20.2 times). 

The present study aimed to investigate the resistance of Culex pipiens larvae 

to the baygon insecticides, so that the knowledge of the rate of development and 

reversion of insecticide resistance, also its cross resistance with other insecticides 

and the rnsect growth regulator would be of a valuable information in the research 

of the Culex pipiens larvae control. 

MATERIALS AND METHODS 

Chemicals used 

The chemical insectrc~des used were the carbarnate, baygon (technical grade 
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97%), the organophosphates, sumrthron (technrcal grade 96,5%),drazrnon 

(technrcal 92%) and dursban (technrcal grade 56 4%E c ), the synthetrc pyrethrords 

,perrnethrrn (technrcal 92 6%) and sumrc~drn (technrcal 95 5%) and the rnsect 

growth regulator, bay sir 8514 (E c 6 5%) & IKI (Ec 5%) 

The d~fferent concentratrons of the rnsect~crdes or the msect growth 

regulators were prepared from the stock solution by dissolving a known amount of 

each of them in the distilled water. Usually ethyl alcohol was used as a solvent for 

all the chemicals tested for making the stock solution, except the insect growth 

regulators, which they were dissolved in acetone. Concentrations were expressed 

in parts per million (p.p.m); in order to calculate the Lc's. 

Test insect 

The larvae of C. pipiens were obtained from Miet El-Attar village, Qualyubia 

Governorate. The larvae were successfully reared and maintained at the 

Entomology Department, Faculty of Science, Zagazig University, Benha branch. 

The field-collected larvae were reared without berng exposed to any insectrcides or 

the insect growth regulators to raise their susceptibility and it was referred as the 

orrgrnal normal susceptrble strarn Thrs strarn IS also considered as the base lme of 

the selected pressured resrstant strain w~th whlch the results of selections were 

compared. Assessment of toxicity was based on the mortality of the tested larvae. 

The early and late third larval instars of C. pipiens were exposed for 24 hours to 

drfferent concentrations of baygon and/or the other tested toxcants In drstrlled 

water. Another groups of larvae were left wrthout any treatments and served as 

control. Four replicates of the desired concentrations of each compound were 

prepared, rn 250 ml glass beaker Each beaker recerved 25 larvae of the early and 

late thrrd larval rnstars accordmg to the experrment carr~ed out The percentages of 

mortalrty were plotted agarnst the tested concentrat~ons and the LC5, values were 

determrned graphrcally Mortalrty percentages were corrected by Abbott's formula 

(1 925) rf the mortalrty rn control exceeds lo%, other wise the test must be repeated 

The rnortalrty lmes were drawrng by plotttng the probit mortalrty data agarnst the log 
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of the concentrations used by using a logarithmic paper. The lines were frtted by 

eye a id  ttie median lethal concentrations (LCs0) were determined graphically. The 

slope functron of the mortal~ty lrnes was taken as a criterion of the degree of 

homogeneity of the population in its respbnse to toxicant, according to Hoskins and 

Gordon (1956). The numerical value of the slope function was calculated as , 

follows 
LC841LC~o+LC5dLC1tj 

Slope function = 
2 

Selectron for resistance was carried out on generation by treatrng the thrd 

instar larvae with insecticide-water mixture. Large numbers of larvae were 

employed and the selection pressure was always sufficient to cause 75% mortality 

or more According to the response of the treated larvae to selectron, a h~gher 

concentratron of the toxrcant was sometrmes used In subsequent generatron Later 

further select~on was carrred out for many generations untd a h~gh level of 

reslstance, whrch maintamed after relaxat~on of pressure w~th  rnsecticrde for three 

generations, IS the evidence of stab~lity of resrstance The resrstant stram was 

compared with the normal stram to determrne the resistance level, or resrstance 

ratlo by the followmg equatron 

LCs0 of the resrstant strain R.R. = 
LCSo of the normal strarn 

The selected stra~ri after achievrng certam levels of resrstance was left w~thout 

~nsectcide pressure Relaxation was carried out on a sub- colony of the selected 

generations and the reversion of resrstance In C p~p~ens larvae was measured after 

three generation of relaxation. 

The selected strain after attaining high levels of resistance was tested for cross- 

resistance to the other types of insecticides. The resistance levels were estimated. 

In comparisons of the relative resist abilities as called resistance ratios (LCsO of 

resistant ~ t r a i n / L C ~ ~  of susceptible strain), differences of 5-fold or more were 

considered as indicating positive correlation (true resistance differences); those 
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between 1 and 4-fold (tolerance differences) as indicating no correlation and any 

d~fferences less than one as representing a probable negatlve correlation 

The statistical analysis 

The ~tatlstical analys~s was performed using t-test. 

RESULTS 

Results of the susceptibility level of the original normal susceptible strain to 

baygon and that subjected to baygon-selection pressure from F, to F15 are shown in 

the table (1) and graphically illustrated in figure (1). The obtained data indicated 

that the LCSo was increased to 0.69ppm indicating a slight development of 

resistance. The level of resistance of the third generation is increased to 3.5 times 

more than the normal strain (parent), and the slope function of the LD-p line is 

markedly declined after selection indicating progression of the development of 

res~stance. Moreover complete death was occurred at the concentrat~on h~gher 

than 80 p p.m In the f~fteen-generat~on, indicating progression In the development of 

resistance to about 308 7 t~mes higher than the orrg~nal md~vrduals The population 

is cons~dered in the state of actual res~stance 

The rate of reversion of baygon-res~stance are presented in table (2) and 

graph~cally tllustrated in figure (2) The results clearly mdlcated that the LC5o values 

were decreased gradually during successive generatlons of relaxat~on The 

res~stance level of Fq8 was recorded 54 80 t~mes more res~stance than the parent 

larvae The slope funct~ons were almost of low values In general the~r values are 

more or less slmllar to be 1 83, 1 79, 1 98, 1 80 & 1 84 for F3, Fs, FI2, FI5 and F18, 

respectively However, the F, value was 2 05 although insignrf~cant The rates of 

relaxation as expressed In relatwe reverslbll~ty to baygon-resistant straln were 

gradually decreased during the successive relaxed generat~ons compared to the 

normal strain It reached to about one tenth after 18 relaxed generat~ons compared 

to the resistant-strarn 

The pattern of cross-resistance of baygon-res~stant straln to several 

~nsectlc~des and two Insect growth regulators are rndrcated ~n tables (384) 
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respectively. Data in table (3) indicated that the relative resistibility of baygon 

selected and normal strain's showed no correlation of baygon resistant to the tested 
,. 

organophosphorous insecticides, hence the resistance levels were only recorded 3 I 

times for sumithion and 1.46 for diazinon indicating that the tolerance difference 

showed no correlation, whereas 4.8 times for dursban indicating a positive 

correlation on the basis of p values that were no significant differences in the 

mortality percent between the normal strain (parent) and resistant strain (p>0.05), 

whereas there was a lower significant difference for dursban (p<0.05). 

Results of relative susceptibilities of normal and selected-baygon strains to 

the pyrethroides both the sumicidin and permethrin reveals that baygon-resistant 

strain is quite susceptible to both of them, where its level of resistance were 1.7 & 

1.22 times, respectively, indicating no correlation. There were no significant 

differences in the mortality percents between the normal strain and the baygon 

resistant strain to the tested pyrethroides (p>0.05). 

Data in table (4) reveal that the baygon-resistant strain is quite susceptible to 

both IKI and bay sir. The levels of resistance after 24, 48 & 72 hours exposure 

periods for IKI were 1.48, 1.73 & 1.76 times and 1.56, 1.81 & 1.32 times for bay sir 

indicating no correlation. Also there were no significa~t differences in the 

susceptibility levels between the normal strain (parent) and the resistant strain, 

based on the p values (p>0.05). 

Table (1): Changes in susceptibility of C. pipiens larvae during selection to baygon 

~nsectlc~de from F1 up to F15 

N= Normal stram (parent) 
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Fig.(l): 
Resistance levels of C. pipiens larvae during selection 

to baygon(F1 -F I  5) 

Generation I 

Table (2): Relative reversibility of baygon-resistance in C. pipiens larvae after 18 

relaxed generations 

Generatior 

tested 

R 

F3 

F6 

F9 

F12 

F15 

F l 8  

N 

Slope 

function 

Resistance level 

R= Baygon-resistant strain after 15 generation of selection. 

N= Normal strain (parent). 

Relative 

reversi bility 

1 .o 

LCs0 of the reversed strain 
Relative reversibility= 

LCs0 of the resistant strain 
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fig.(2): 
Resistance levels of C. plpiens larvae during 

relaxation o f  baygon after 18 generation. 

R F3  F6 F9 F12 F15 F18 

Relaxed generations 

Table (3) .  Rela t i ve  suscept ib i l i ty  of normal  a n d  baygon  selected strain o f  C. pipiens 

larvae t o  some insect ic ides.  

lnsectlc~de 

tested 

Sumithion 

Dlazlnon 

Dursban 

Sum~cldin 

Permethrm 

LC% 5 

(ppm)of 
normal 

straln 

0015  

0  26 

0 0015 

0 002 

0 0018 

- 
Slope 

fundion 

of 

normal 

slrain 

2 5" 

2 16 

2.4 

6.33 

2.11 

Table (4) Relative susceptibility of normal and baygon selected strain of C piplens 

larvae to two insect growth regulators at different tlme of exposure' (24,48872 

Tolerance ddference 

No correlation 

No carrelalron 

Positrve correlalron 

No correlation 

No correlat~on 

Slope 

funct~on 

of 

reslslant 

slram 

2 24 

2 25 

1 33 

4 30 

2 26 

hours) 

Insect grovrlh 
regulators used 

Res~stance 

level 

3 0 fold 

1 46 fold 

4 8 fold 

1 7 fold 

1 22 fold 

Bay sir 

Tolerance 

d~fference 

No correlation 

Res~stance 
level 

1 4 8  

1 73 

175 

156  

1  81 

1 3 2  

Exposure 
T m e  

(hours) 

24 

Slope 

funct~on of 

reslstanl 

slraln 

2 06 

LC%, 

(ppm)of 
normal 
slram 

1 30 

3 42 

3 2 5  

311  

4 76 

520 

2 92 

338 

363 

3 36 

316  

Lw, 
(ppm)of 
reslslanl 
stram 

193  

48 

72 

24 

48 

72 

Slope 

funct~on 
of normal 
straw 

185 

0 30 

0 1 3  

179 

0 25 

0 1 9  

' 0 52 

023 

280 

0 4 7  

025 
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DISCUSSION 

It has been established that insecticides resistance is an inherited character, 

which is an example of evolutionary change. The insecticide acting as a powerful 

selective agent for concentrating resistant mutants that are present at low 

frequencies in the original population, with continued selection, the relative 

frequency of one or a few number of the major genes that contribute directly 

towards fitness is increased. In the present studies the development of resistance 

was raised with very low levels at the beginning. With continuous selection as the 

frequency of the major gene (s) for resistance in surviving population increased, the 

insects become better organized genetically. Intensive selection pressure provides 

a more number of survivors enough to maintain genetic variability, Georghiou, 

(1962). Our findings clearly revealed that the baygon-resistant larvae showed 

substantial increase in resistance, which reached about 300 fold compared to the 

original level of the normal strain. Comparison of these data revealed that high 

resistance to baygon occurred in the C. pipiens larvae is most probably cause by 

the interaction of several genetic factors. The obtained results are also in 

agreement with the findings of Bakr etal.  (1989) who induced 3150-fold resistance 

in C. pipiens larvae to carbaryl. Yasutomi and Takahashi (1989) also induced high 

levels of resistance in Culex pipiens larvae to an organophosphorous and a 

carbamate insecticide. Georghiou et al. (1966) investigated the rate of development 

and other characteristics of baygon-resistance in C. pipiens fatigans larvae and 

found that selective pressure for 35 generations induced more than 25 fold the 

resistance. On the other hand selective pressure on mosquito adults for 24 

generations resulted in only 2.7-fold the resistance. The authors stated that this 

contradiction might be due to the accidental exclusion of suitable genetic material 

from the initial population or from subsequent generation rather than to the absence 

of resistance potential of a particular insecticide in the species as a whole. Hamed 

et a/. (1991) whom made a laboratory selection of C. pipiens larvae by fenitrothion 

pressure for 24 generations, which resulted in 25.67, fold increase in resistance to 
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thrs compound Also, Bisset et a1 (1997) subjected Culex plplens qu~nquefaclatus 

say, from Cuba to lambda-cyhalothrrn selection to evaluate the usefulness of this 

pyrethroid insect~crde for mosqurto control They found high resistance developed 

after 6 generations of selection, little or no cross-resistance was observed to other 

pyrethroids (deltamethrin and cypermethrin), to a carbamte (propoxur) and to some 
1 

organophosphates (chlorpyrifos and pirimiphos-methyl), but high cross-resistance 

was found to malathion (organophosphates) 

Reversion of baygon-resistance In C p~plens larvae was obtained during 

relaxed generations The results Indicated that the baygon-resistant strarn was 

gradually regressed towards its original level of susceptrbilrty Publ~shed results on 

reversron of carbarnate resistance in C plplens larvae are rare However, some of 

the early frndings on reversion of insecticrde resistance in mosquitoes revealed that 

resistance of dreldrrn in C plplens was regressed towards the original level of 

susceptib~lity as stated by Betzros, (1977), whrle Georghiou et a1 (1966) indicated 

that only a low degree of regression rn resistance occurred durrng ensuing 10 

generations when selectron with baygon on C plp1en.s larvae was suspended The 

rnvestigators suggested that the respective genes for resistance might be fixed In 

the population Crow (1954) attempted to provide a logrcal explanation for the 

phenomenon of development and reversion of resistance, he stated that selectron 

for the resistance should ordinarrly involve the replacement of susceptible 

mdivrduals with those carrymg the resistance genes One should then expect that 

this strain when reared in the absence of insecticidal pressure would revert to 

susceptibility. Since the susceptible individuals, which have biotic potential would be 

able to increase their proportion in the population. 

The patterns of cross-resistance spectrum to seven compounds 

representing three groups of rnsecticides were studied in the baygon-resistant 

strain of the Culex pipiens larvae. In comparisons made in the present study, 

differences of fivefold or more were considered as indicating positive correlation, 

those between one and five-fold indicating no correlation, and any difference less 
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than one-fold representing a probable negative correlation. The relative resist 

abilities of baygon-resistant strain to the organophosphorous in the normal strain 

revealed positive correlation indicating cross-resistance between baygon resistance 

and the organophosphorous dursban. In contrast the relative resistabilities of 

baygon-resistant strain and the susceptible strain revealed no correlation between 

baygon resistances and the resistance to diazinon (organophosphorous), sumicidin 

and permethrin (pyrethroides) and the insect growth regulators IKI and bay sir. 

However, Georghiou et al. (1966) demonstrated cross-resistance in C. pipiens 

fatigans strain selected with baygon to the other carbamates, which was high to 

closely related compounds to the baygon, but was extremely low to remotely 

carbamates. Also, Ben Cheikh et a/. (1998) investigated the cross-resistance to the 

carbamate propoxur, they found that the chlorpyrifos-resistant population were 

highly resistant to propoxur. The present results are not in harmony with the results 

published by Baker et a/. (1989) whom reported cross-resistance of the insect 

growth regulator dimilin, bay sir and chlorofluzuron with the carbamate carbaryl- 

resistant strain of C. pipiens larvae. However, they found no cross-resistance to the 

other insect growth regulators tested. 

It may be concluded that the pyrethroid insecticides and the insect growth 

regulators could be used as an alternative to the carbamte baygon against the 

baygon-resistant strain of C. pipiens larvae. 

In summary, based on the obtained results, it seems that, a simple control 

program could be planned against field-strains of C. pipiens larvae in their breeding 

sites in Qualyubia Governorate by using a number of insecticides from different 

groups and the insect growth regulators specially against the baygon-resistant 

strain of Culex pipiens larvae. 
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