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Vector control is a serious concern in developing countries such 

as Egypt. The present study has been carried out to evaluate the 

larvicidal activities of 1,2,4-triazine derivatives against 3
rd

 

larval instar of the mosquito “Culex pipiens” under laboratory 

conditions. To achieve this aim, the median lethal 

concentrations (LC50) of the tested compounds and their effects 

on larval development and adult emergence were assessed. 

Adult females’ fecundity and egg hatchability were estimated 

on the survivors of treatment. It was evident that 1,2,4-triazine 

compounds have a toxic effect on Cx. pipiens. The estimated 

LC50 values of 1,2,4-triazine were 0.457, 0.333, and           

2.047 mg/L for MSA 35, MSA 102, and the reference 

insecticide “pymetrozine”, respectively. One week after 

treatment, both the compounds MSA 35 and MSA 102 were 

more effective (higher mortality rate and shorter lethal time) 

than the reference insecticide. The LC50 of MSA 102 induced   

a significant prolongation in the development time and less 

adult emergence compared with the control. Moreover, adult 

females surviving the treatment of MSA 102 as larvae, laid no 

eggs, while those treated with MSA 35 showed reduced 

hatchability compared with the control. In conclusion, the 

larvicidal potency of the tested 1,2,4-triazine derivatives is 

suitable for application against Cx. pipiens mosquitoes and 

supposed to be a new alternative to other commercial 

insecticides like pymetrozine. 

 

INTRODUCTION 

Vector-borne pathogens include a wide 

range of organisms that are transmitted      

by a diverse set of species, including 

arthropods such as fleas, sandflies, ticks,  

and mosquitoes
[1]

. Mosquitoes are among 

the most serious insect vectors of medical 

importance and play an important role in 

disease transmission around the world
[1,2]

. 

They belong to family Culicidae (Order: 

Diptera) and are vectors of many arthropod-

borne diseases such as malaria, yellow  

fever, and dengue; as well as they are 

debilitating agents to humans
[1-3]

. Annually, 

more than one million deaths are caused    

by vector-borne diseases, which account   

for more than 17% of all infectious diseases 

and affect our health and shape human 

societies
[4,5]

. Malaria, caused by Plasmodium 

spp. parasites, which has the highest impact 
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in terms of human deaths worldwide
[4,6]

. 

Malaria control campaigns in the 1950s-

1960s successfully eradicated the disease 

from the majority of the temperate regions
[7]

. 

However, the efforts of malaria control   

have suffered several dropbacks in the      

last decades, including the improvement of 

drug resistance in parasite populations and 

insecticide resistance in some of the major 

mosquito vectors
[8-10]

.  

Culex pipiens is a common and widely 

distributed mosquito worldwide, especially 

in Egypt
[11-13]

. It has been considered as    

the primary vector for Wuchereria bancrofti 

(a filarial nematode), one of the major  

public health problems in Egypt
[14,15]

. It is 

also the vector of West Nile and Sindbis 

viruses
[16]

, Rift valley fever virus
[17]

, as well 

as serious nuisance pests. It is the most 

common mosquito species and breeds 

primarily in large numbers in receptacles 

that hold stagnant water and organic 

materials such as irrigation canals, drainage 

cesspools, sewage streams, and pit 

latrines
[6,16]

. These habitats provide shade, 

standing water, and decomposing organic 

material for mosquitoes. Even without rain, 

runoff from home sprinkling systems may 

provide enough water to facilitate mosquito 

breeding throughout the summer. Human 

infection with pathogens-transmitted by 

mosquitoes may lead to the onset of 

debilitating diseases, and due to limited 

vaccine availability
[18]

, mosquito control is 

essential to interrupt the transmission of 

these diseases. So, insecticides may play an 

essential role in controlling the major 

vectors of diseases, particularly mosquitoes.  

Insecticides are substances used to kill 

insects
[18]

. They include ovicides and 

larvicides used against insect eggs and 

larvae, respectively. Insecticides are claimed 

to be a major factor behind the increase in 

the 20
th

 century's agricultural produc-

tivity
[19]

. Nearly all insecticides have the 

potential to significantly alter ecosystems; 

many are toxic to humans and/or animals 

and some become concentrated as they 

spread along the food chain
[20]

. Insecticides 

can be classified into two major groups: 

systemic insecticides, which have residual  

or long-term activity; and contact insecti-

cides, which have no residual activity.  

There are synthetic insecticides and natural 

insecticides; a major emphasis of organic 

chemistry is the development of chemical 

tools to enhance agricultural productivity. 

Synthetic insecticides such as dichloro-

diphenyltrichloroethane (DDT, the best-

known organochloride)
[21]

 was created by 

Swiss scientist Paul Müller. For this 

discovery, he was awarded the Nobel    

Prize, in the year 1984, for Physiology or 

Medicine.  

Other known classes of insecticides are 

organophosphates, pyrethroids, neonicotin-

oids, butenolides, and ryanoids. There are 

new generations of insecticides such as 

1,2,4-triazine based insecticide, pymetrozine, 

which represents a novel insecticide with 

selective activity against aphids, white-   

flies, and planthoppers
[22]

. By improvement 

adding methyl to the imine carbon and 

phenoxy group at the pyridine ring resulted 

in enhancement of their insecticidal activity 

against aphids and widening the activity 

against mosquitoes, lepidopteran cotton boll-

worm, corn borer, and oriental armyworm
[23]

. 

As insecticide discovery is of top priority, 

the present study aims to evaluate the    

effect of some 1,2,4-triazine derivatives on 

the survivorship and biology of the common 

mosquito “Cx. pipiens”. 

 

MATERIAL AND METHODS 

Insects 

Egg-batches of Cx. pipiens were sampled 

from an oviposition site in the medical 

campus of Tanta University (30°48'5.339"N 

latitude and 30°59'36.114"E longitude), 

Gharbia, Egypt. The collected egg batches 

were immediately transferred to an insectary 

at the Faculty of Science, Tanta University, 

and put separately in glass cups (100 mL 

size) with distilled water. On hatching,      

Cx. pipiens larvae were transferred into 

enamel pans (60 cm radius and 15 cm depth) 

containing distilled water, supplied with   

dry fish food flakes (TetraMin, Blacksburg, 

VA, USA). The mosquitoes were kept in 

https://en.wikipedia.org/wiki/Insect
https://en.wikipedia.org/wiki/Larvicides
https://en.wikipedia.org/wiki/Egg_(biology)
https://en.wikipedia.org/wiki/Larva
https://en.wikipedia.org/wiki/DDT
https://en.wikipedia.org/wiki/Organochloride
https://en.wikipedia.org/wiki/Paul_Hermann_M%C3%BCller
https://en.wikipedia.org/wiki/Nobel_Prize_for_Physiology_or_Medicine
https://en.wikipedia.org/wiki/Nobel_Prize_for_Physiology_or_Medicine
https://en.wikipedia.org/wiki/Nobel_Prize_for_Physiology_or_Medicine
https://en.wikipedia.org/wiki/Organophosphate
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laboratory conditions 27±2ºC, 70-80% 

relative humidity, and 12h:12h dark:light 

photo-cycle. The third instar larvae 

(approximately 7 days from hatching) were 

identified using the key for Egyptian 

culicine mosquitoes
[12]

. This stage is subject 

to experiments as seen below.  
 
Chemicals 
The derivatives of 1,2,4-triazine (MSA 25, 

26, 27, 31, 32, 34, 35, and 102) used in      

the present study were synthesized as 

described previously
[24]

. Briefly, 4-amino-6-

[2-(4-methoxyphenyl)vinyl]-3-thioxo-3,4-di-

hydro-2H-[1,2,4]triazin-5-one (MSA 102) 

was obtained by the cyclized condensation 

between thiocarbohydrazide and 4-meth-

oxybenzylidenepyruvic. Then MSA102 

reacted with benzaldehyde, thiophene-2-

carboxyldehyde, and pyridine-2-carboxyl-

dehyde to afford MSA 25, MSA 26,         

and MSA 27, respectively
[24]

. The 4-amino-

3-hydrazino-6-[2-(4-methoxyphenyl)vinyl]-

4H-[1,2,4]triazin-5-one (MSA 31) was 

obtained from boiling MSA 102 with 

hydrazine hydrate. Then, MSA 31 reacted 

with benzaldehyde, thiophene-2-carboxyl-

dehyde, and pyridine-2-carboxyldehyde to 

afford MSA 32, MSA 34, and MSA 35, 

respectively
[24]

. All 1,2,4-triazine based 

chemical compounds contain different high 

reactive functional groups were tested 

against Cx. pipiens; the chemical structures 

and physical properties of the used triazine 

derivatives are shown in Table “1”.             

A reference insecticide “pymetrozine 

(TEDO 50%WG, Shoura Co., Cairo, 

Egypt)” was used in the subsequent 

experiments as a positive control. 
 
Screening of several triazine derivatives 

against Cx. pipiens 3
rd

 instar larvae 

In this experiment, the killing rate of 1,2,4-

triazine compounds: MSA 25, 26, 27, 31,   

32, 34, 35, and 102 were tested against      

Cx. pipiens 3
rd

 instar larvae. In brief, 0.1 g  

of each compound was dissolved into           

5 mL dimethylformamide (DMF) to prepare 

20 g/L solutions (stock). Ten 3
rd

 instar larvae 

were transferred into 100 mL distilled water 

contained (0.4 mL of stock solution) to 

prepare 80 mg/L of the tested compounds,  

as a final concentration and based on our 

preliminary trials. The control was run only 

using 100 mL distilled with an equivalent 

amount of DMF (0.4 mL volume/volume). 

Larvae were supplied with dry fish food 

flakes. Mortality was recorded at 24 and    

48 hours post-application. Three replicates 

per compound or the control were carried 

out. MSA 35 and 102 compounds caused  

the highest mortality results, so they were 

selected as insecticide candidates in the 

following experiments. 
 
Determination of the median lethal 

concentration (LC50) of the selected 

compounds 
The bioassay of the LC50 was carried out    

in 100 mL distilled water cups as   

previously described
[25]

. A series of MSA 35 

and MSA 102 concentrations (0.2-0.8 mg/L) 

was prepared by dilution method. For the 

reference insecticide (pymetrozine), a stock 

solution (50 mg/L) was prepared by 

dissolving 0.1 g into 2.0 L of distilled water; 

the concentrations tested were 0.5, 1, 5, 10, 

and 20 mg/L. The control was prepared by 

adding 5 µL of DMF to 100 mL distilled 

water cup. Ten larvae of the 3
rd

 instar were 

used per replicate, five replicates were done 

per concentration. Dry fish food flakes were 

added to each cup. The mortality of larvae 

was recorded after 48 hours.  
 
Estimation of the death rate in Cx. pipiens 

exposed to LC50 of the insecticide 

candidates 

In this experiment, groups of 60 larvae of  

3
rd 

instar were placed in pans containing 

1000 mL of distilled with LC50 of each 

compound. The LC50 values are 0.457, 0.333, 

and 2.047 mg/L for compounds MSA 35, 

MSA 102, and the reference insecticide, 

respectively. The control group was carried 

out using sixty 3
rd

 instar larvae in distilled 

water with 5 µL DMF. The larvae were 

supplied with dry fish food flakes every two 

days till the end of the experiment. The 

mortality rate and time were observed for 

one-week post-treatment.  
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Table 1: Chemical structures and physical properties of compounds understudy 

 

Triazine 

derivatives* 
Chemical Structure General Formula 

Melting 

point (°C) 
Color 

MSA 25 

 

C19H16N4O2S 

364.421 
242-244 Pale yellow 

MSA 26 

 

C17H14N4O2S2 

370.4487 
262-264 Yellow 

MSA 27 

 

C18H15N5O2S 

365.409 
300-302 Yellow 

MSA 31 

 

C12H14N6O2 

274.279 
290-292 Dirty white 

MSA 32 

 

C19H18N6O2 

362.386 
230 Pale yellow 

MSA 34 

 

C17H16N6O2S 

368.413 
255 Yellow 

MSA 35 

 

C18H17N7O2 

363.388 
240-242 Yellow 

MSA 102 

 

C12H12N4O2S 

276.07 
250 Dirty white 

Pymetrozine 

 

C10H11N5O 

217.10 
234 White 

*All compounds are completely soluble in dimethylformamide 

 

Determination of the development and 

emergence of Cx. pipiens exposed to LC50 

of the insecticide candidates  
By using the previous setting, an experiment 

to calculate the development time and 

emergence rate was performed. In brief after 

application of the LC50 of the insecticide 

candidate and the reference insecticide on 

the 3
rd

 instar larvae of Cx. pipiens, we 

noticed the dead and survivors up to all 

survived pupae emerged as adults. So,  

pupae were collected in glass cups with 

distilled water and transferred into wooden 

emergence cages (30×30×30 cm) fully 

covered with mesh gauze.  

Determination of the adult fecundity and 

egg hatchability of Cx. pipiens survived 

LC50 exposure of insecticide candidates 

The emerged adults from the previous 

experiments were sexed and collected in 

groups of five (two females + three males)  

in wooden cages covered with tulle.       

They are daily fed on 10% sucrose solution. 

Two days after adult emergence, the females 

were allowed to take a blood meal from       

a domestic pigeon. A cup with 100 mL 

distilled water was placed in each cage for 

oviposition. Egg-laying was observed for the 

next two weeks. The egg-rafts laid were 

daily collected and counted under an optical 
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microscope (×10) and let separately to hatch 

in a glass cup with distilled water. Larvae 

hatched from each raft were transferred into 

wide pans filled with water and were reared 

till being 3
rd

 instar larvae to be counted for 

hatch rate.  

 

Data analysis  

Data were expressed as mean±standard 

deviation (M±SD). The normality of 

response variables was evaluated using the 

Anderson–Darling test, and the homogeneity 

of variances was assessed using Bartlett’s 

test. The LC50 values of the selected 

compounds were estimated by the probit 

analysis using the LDP line software
[26]

 

based on the method of Finney
[27]

. 

GENMOD procedure was adopted to 

compare the response variables measured on 

Cx. pipiens following treatment with the 

tested compounds. To avoid many zero 

values in the results of susceptibility and  

egg count in some groups, statistics were 

performed on (Y+1). For comparison, larval 

mortality and hatchability rates, binomial 

distribution, and a logit link function were 

used. For larval mortality and development  

time, gamma distribution and a log link 

function were used; while for fecundity, 

Poisson distribution and log link function 

were selected. In the case of a significant 

difference, post hoc analysis was performed 

using the Bonferroni test to control the 

family-wise error rate. These analyses were 

conducted using the statistical software 

SAS
[28]

.  

 

RESULTS 

Effect of the synthesized triazine 

derivatives on Cx. pipiens larvae 

In the current study, no mortality was 

recorded in the control group. GENMOD 

results showed that treatment, time, and  

their interactions affected significantly the 

Cx. pipiens mortality rate (F8,36 = 23.04, 

P<0.0001; F1,36 = 43.86, P<0.0001; F8,36 = 

4.42, P = 0.0008). Mortality of larvae 

increased significantly by the compounds 

MSA 25, 26, 27, 34, 35, and 102 at 48 hours 

compared to those at 24 hours (Figure 1). 

Statistical analysis showed that the tested 

compounds had different mortality rates at 

24 and 48 hours (F8,18 = 9.01, P<0.0001; 

F8,18 = 17.09, P<0.0001). In more detail, at 

24 hours, all compounds except MSA 31  

had higher (P>0.0062, Bonferroni multiple 

comparisons) mortality than the control. 

However, MSA 35 (at 24 hours) had    

higher (P>0.0062) mortality than the other 

compounds. Whereas, after 48 hours, the 

tested compounds were categorized into   

two groups. The first group contained MSA 

31 and 32 that had higher (P>0.0062) 

mortality than that in the control. The second 

groups contained MSA 25, 26, 27, 34,        

35, and 102 that had higher (P>0.0062) 

mortality than those in the first group.  

 

Insecticidal activity of the tested 

compounds against Cx. pipiens larvae 

The probit analysis of the mortality data 

caused by the tested compounds indicated 

that LC50 values were arranged as 0.333, 

0.457, and 2.042 mg/L for MSA 102,    

MSA 35, and the reference insecticide 

(pymetrozine), respectively (Table 2).  

 

Effect of LC50 of the insecticide 

candidates on larval mortality, one-week 

post-treatment  

The control groups did not show               

any death after one week of DMF        

application. GENMOD analysis showed       

a significant (F3,12 = 1114.37, P<0.0001) 

difference among the means of mortality  

rate, a week post-treatment (Figure 2a).      

The pairwise comparisons between the 

treatments indicated that the tested 

compounds were significantly (P<0.0001) 

different from each other and the control. 

The mortality rate was ascendingly arranged 

as MSA 102 > pymetrozine > MSA 35.       

In another view, the time required for death 

after application (lethal time) of each 

compound was shown in Figure “2b”. The 

lethal time showed compound-dependent 

(F2,9 = 68.93, P<0.0001) manner. The   

lethal time of MSA 102 was the shortest 

(1.41±0.015) compared with MSA 35 

(1.89±0.00)   and   the   reference   insecticide  
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Figure 1: Mortality rate (M+SD) of Culex pipiens 3

rd
 instar larvae treated with 100 mg/L     

of different 1,2,4-triazine derivatives (MSA 25, 26, 27, 31, 32, 34, 35, and 102) after 24 and 

48 h. Bars with the different letters at the same time limit are significantly different 

(Bonferroni correction on multiple comparisons). h: hours; M: mean; SD: standard deviation. 

 

Table 2: Insecticidal activity of two 1,2,4-triazine derivatives and a reference insecticide 

“pymetrozine” against 3
rd

 instar larvae of Culex pipiens after 48 hours of treatment. 
 

Compound name 
LC50 (mg/L) 

(Fudicial limits) 
 Slope Correlation coefficient (R

2
) 

MSA 35 
0.457 

(0.392-0.531) 
 3.000±0.460 0.967 

MSA 102 0.333 

(0.285-0.378) 
 3.737±0.484 0.990 

Pymetrozine 
2.042 

(1.370-2.879) 
 1.147±0.150 0.949 

 

  
Figure 2: Effects of LC50 values of different 1,2,4-triazine derivatives on the mortality rate (a) 

and mortality time (b) of Culex pipiens 3
rd

 instar larvae. Data were expressed as 

mean±standard deviation (M±SD). Bars with the different letters at the same time limit are 

significantly different (Bonferroni correction on multiple comparisons).  
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(3.64±0.011). MSA 35 showed also shorter 

(P<0.0001) lethal time compared with the 

reference insecticide (Figure 2b).  

 

Effect of LC50 of the insecticide 

candidates on the development and 

emergence of Cx. pipiens 

The development time of Cx. pipiens since 

the exposure of 3
rd

 instar larvae to LC50 of 

MSA 35 and 102, as well the reference 

insecticide to adult emergence was shown in 

Figure “3a”. The controls take 7.88±0.78 

days for development. Statistical analysis   

of development results after application 

indicated that the tested compounds 

influence the development time (F3,12 = 

24.97, P<0.0001). Multiple comparisons 

among the results of the development test 

demonstrated that MSA 102 and the 

reference insecticide induced a significant 

(P<0.0001) increase of development time, 

whereas MSA 35 only induced a slight non-

significant (P≤0.016) increase compared 

with the controls. The reference insecticide 

elongated the time required for development 

two-fold as that in the control.  

The emergence rate of Cx. pipiens 

showed a significant difference based on the 

compound used in the application (F3,12 = 

87.51, P<0.0001) (Figure 3b). The results 

showed that all pupae formed in the control 

and reference-treated groups succeeded to 

emerge 100±0.00. The significant difference 

in the GENMOD model was attributed to  

the significant (P<0.0001) decrease in the 

emergence after the application of MSA 102.  

 

   
Figure 3: Effects of LC50 values of different 1,2,4-triazine derivatives on the development (a) 

and emergence rate (b) of Culex pipiens 3
rd

 instar larvae. Data were expressed as 

mean±standard deviation (M±SD). Bars with the different letters at the same time limit are 

significantly different (Bonferroni correction on multiple comparisons).  

 

Effect of LC50 of the insecticide 

candidates on the adult fecundity and egg 

hatchability of Cx. pipiens 

The effects of 1,2,4-triazine compounds at 

LC50 on Cx. pipiens adult fecundity and 

hatchability of eggs laid were shown in 

Figure “4”. The control mosquitoes lay 

about 218±63 egg/female/day. Statistical 

analysis of the adult fecundity results 

indicated that there is a significant difference 

among the means due to treatment (F3,12 = 

37.04, P<0.0001). This difference was 

attributed to the observed reduction in eggs 

laid by the females treated with MSA 102 

compared with other treatments and the 

control. The Cx. pipiens females treated with 

MSA 102 produced no eggs at all, whereas 

the females treated with MSA 35 or the 

reference insecticide showed a slight non-

significant (P≤0.016) reduction in the egg 

numbers (Figure 4a).  

Regarding hatchability, the comparisons 

among the treated insects with MSA 35, 

reference insecticide, and the control group 



Insecticidal activity of triazines against mosquito 

 

 

8 

indicated significant differences (F3,9 = 8.84, 

P = 0.0075) (Figure 4b). This significant 

difference is attributed to the significant 

(P<0.0137) reduction in hatch rate of eggs 

laid by adults that survived LC50 of MSA 35 

compared with the control or the treated with 

reference insecticide. The hatch rate of      

the control eggs was 94.29±3.01. The 

treatment with the reference insecticide 

showed a slight non-significant (P≤0.016) 

decrease in the hatch rate compared with the 

control group.  

 

   

Figure 4: Effects of LC50 values of different 1,2,4-triazine derivatives on the adult female 

fecundity (a) and hatchability rate (b) of laid eggs by survived Culex pipiens. Data were 

expressed as mean±standard deviation (M±SD). Bars with the different letters at the same 

time limit are significantly different (Bonferroni correction on multiple comparisons).  

 

DISCUSSION 

In the current study, eight 1,2,4-triazine 

derivatives (MSA 25, MSA 26, MSA 27, 

MSA 31, MSA 32, MSA 35, and MSA 102) 

have been tested as insecticide candidates 

against Cx. pipiens larvae. The results 

indicated that almost all compounds tested 

caused higher mortality in Cx. pipiens 3
rd

 

instar larvae compared with the controls. 

Moreover, the mortality was higher at        

48 hours than at 24 hours. These results are 

in agreement with Michaelakis et al.
[29]

 who 

reported that the mortality rates of alkannin 

and shikalkin at 24 hours in all applied doses 

(7-17 mg/L) was less than those observed at 

48 hours after exposure. Similarly, Yang et 

al.
[23]

 investigated some triazine derivatives 

and plant extracts, and found that 1,2,4-

triazine-based materials showed excellent 

larvicidal activities against mosquitoes. The 

higher reactivity of 1,2,4-triazine materials 

than other insecticides like fenitrothion, 

azadirachtin, cyphenothrin, and pyriproxyfen, 

which were used in much higher concentra-

tions, was previously reported
[30]

. Similarly, 

Djeghader et al.
[31]

 reported that 20 mg/L of 

the plant-extracted saponin was needed to 

obtain high larval mortality in Cx. pipiens, 

which reflect the super reactivity of the 

1,2,4-triazine based materials compared to 

the plant-extracted insecticides. 

MSA 35 and MSA 102 compounds 

caused the highest mortality rate to            

Cx. pipiens larvae (approximately 97% and 

93%, respectively). Mahyoub et al.
[32]

 also 

found that 0.01 mL/L of Difox Flowable 

caused 95% of adult Cx. pipiens inhibition 

compared to 0.5 mg/L of Moskill4G, which 

caused 91%. The LC50 values were 0.45 and 

0.33 mg/L for MSA 35 and MSA 102, 

respectively, against the third instar larvae. 

The lethal concentration of the reference 

insecticide (pymetrozine) was 2.042 mg/L. 

Traboulsi et al.
[33]

 also estimated the LC50 
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values of some plant extracts against          

Cx. pipiens larvae. The authors found that 

Foeniculum vulgare, Ferula hermonis, 

Citrus sinensis, and Pinus pinea had LC50 

values of 24.5, 44.0, 60.0, and 75.0 mg/L, 

respectively. 

One week after the application of LC50, 

the results demonstrated that toxicity of     

the tested compounds arranged ascendingly 

as MSA 102 > pymetrozine > MSA 35. 

However, the order of lethal time indicated 

that MSA 102 killed Cx. pipiens faster    

than MSA 35 and the reference insecticide. 

These results could be explained by           

the structure-property of the compounds. 

Chemically, MSA 102 has thioxo group   

that increases the toxicity of that material 

compared with MSA 35 and the reference 

insecticide
[34]

. Moreover, azo-pyridine unites 

of MSA 35 is linked with hydrazino unit, 

which is expected to make it more active 

compared with the reference insecticide
[35]

. 

In this study, the effect of the potent 

candidates (MSA 35 and MSA 102) on      

Cx. pipiens development and emergence of 

adults was investigated. The results showed 

that MSA102 and reference insecticide 

caused a delay in Cx. pipiens development 

than the control group. Moreover, MSA 102 

was the only compound that exhibited          

a reduction in adult emergence (31.4%) 

compared with the control (100%). Robert 

and Olson
[36]

 found that the LC50 of 

methoprene showed a significant effect on 

pupae-adult time in Cx. pipiens. Shu et al.
[6]

 

also found that the lethal concentration of 

sodium, calcium hypochlorite prolonged the 

pupation time of Cx. pipiens and caused       

a significant decrease in the adult emergence. 

Alto et al.
[37]

 found that malathion treatment 

had negative effects on development rate, 

survivorship to adulthood, body size (wing 

length), and longevity of Cx. pipiens.  

Regarding adult fecundity, the results 

showed that the treatment with LC50           

of MSA 102 caused no egg-laying in         

Cx. pipeins adult female. In hatchability,   

the treatment of MSA 35 was able to reduce 

the egg-hatchability of Cx. pipiens compared 

to the control group or the reference 

insecticide. Similarly, Mohapatra et al.
[38]

 

reported a significant decrease in the 

fecundity of Cx. quinquefasciatus and        

An. stephensi after treatments with  

cyfluthrin and fenfluthrin. In addition, 

Kumar et al.
[39]

 investigated the effect of 

deltamethrin on Cx. pipiens and found          

a decrease in the laid eggs and hatching rate. 

In conclusion, this study provides new 

information about the use of 1,2,4-triazine 

derivatives as new insecticide candidates. 

The 1,2,4-triazine-based compounds “MSA 

102 and MSA 35” had better insecticidal 

activity than the reference insecticide 

“pymetrozine”. Moreover, these 1,2,4-

triazine derivatives exhibited a reduction    

in larval development, adult emergence, 

fecundity, and hatchability compared to the 

control group. To develop a new insecticide, 

based on triazine derivatives, further studies 

are required to explore their mode of action 

in mosquitoes. 
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 ةبيىلىجيخصائصها الو ”CULEX PIPIENS“بعىضة  علىتأثير هشتقات الترايازيي 

 

  وسام صلاح الديي هشرف، ، هحود شاهيي، هحود على سليواى ولاء ًجا

 ، يصشغشتُحقسى عهى انحُىاٌ، كهُح انعهىو، جايعح غُطا، 

 

أجشَد انذساسح انحانُح نرقُُى فاعهُح ذعرثش َاقلاخ الأيشاض يصذس قهق خطُش فٍ انثهذاٌ انُايُح يصم يصش. ونزنك 

" ذحد انظشوف انًعًهُح. ونرحقُق هزا انهذف، Culex pipiensيشرقاخ انرشاَاصٍَ ظذ انطىس انُشقٍ انصانس نـثعىظح "

نهًشكثاخ انًخرثشج، وكزنك ذأشُشها عهً ًَى انُشقاخ وظهىس انطىس انثانغ.  LC50)َصف انًًُرح ) ذى حساب انرشكُضاخ

حششاخ انُاجُح تعذ انًعايهح. أوظحد انُرائج أٌ يشكثاخ انذَش خصىتح الإَاز انثانغح وقاتهُح فقس تُط كًا ذى ذق

و  0.4.0"، وكاَد قُى انرشكُضاخ َصف انًًُرح هً Cx. pipiensانرشاَاصٍَ نها ذأشُش يًُد عهً َشقاخ تعىظح "

("، عهً pymetrozineنحششٌ انًشجعٍ )وانًثُذ ا MSA 102و  MSA 35يجى / نرش نـهًشكثاخ " 7.040و  0.000

 صيٍ" أكصش فعانُح )يعذل وفُاخ أعهً وMSA 102و  MSA 35انرىانٍ. وتعذ أسثىع يٍ انًعايهح، كاٌ كلا انًشكثٍُ "

" فٍ MSA 102ح تانجشعح َصف انًًُرح يٍ انًشكة "يهكًا ذسثثد انًعا يىخ أقصش( يٍ انًثُذ انحششٌ انًشجعٍ.

وظهىس أقم نهطىس انثانغ يقاسَحً تانًجًىعح انعاتطح. علاوج عهً رنك،  يشاحم دوسج انحُاجج حذوز إغانح يهحىظح نًذ

كُشقاخ نى َععٍ تُعـاً، تًُُا أظهشخ انًعايهح " MSA 102فإٌ الإَاز انثانغاخ انلائٍ َجٍُ يٍ انًعايهح تانًشكة "

اتطح. وخرايـاً، خهصد انرجاسب إنً فاعهُح " اَخفاظـاً فٍ قاتهُح انفقس يقاسَحً تانًجًىعح انعMSA 35تـانًشكة "

جذَذًا  "، ويٍ انًفرشض أٌ ذكىٌ هزِ انًشرقاخ تذَلًا Cx. pipiensظذ َشقاخ تعىض "انًخرثشج يشرقاخ انرشاَاصٍَ 

 ".pymetrozineنهًثُذاخ انحششَح انرجاسَح الأخشي يصم "

 

 


