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Introduction
 Culex pipiens is the most common and widely distributed mos-
quito in Egypt [1-3]. It has been recognized as primary vector for 
Wuchereriabancrofti, one of the major public health problems in 
Egypt [4-6]. It is also the vector of Rift valley fever virus [7], West 
Nile and Sindbis viruses [8,9], 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 drainage cesspools, irrigation canals, sewage streams and pit 
latrines [3,10,11].

 In an effort to reduce the spread of these vectors, control measures 
must be taken. Mosquito control represents an important strategy for 
prevention of disease transmission and epidemic outbreaks. Three 
major control measures are used to eliminate mosquitoes; adulti-
ciding, source reduction and larviciding [12] eggs [13]. Where source 
reduction is not possible, there are several types of larvicides. Includ-
ing concentrations of certain types of bacteria Bacillus thuringiensis, 
monomolecular surface films, oils, and chemical growth inhibitors 
[14,15]. Adulticiding is the least efficient method of mosquito control 
because it is nonspecific and may have negative impact on other or-
ganisms [16,17]. Recently, intensive and continued use of insecticides 
to control mosquitoes has caused the development of resistance of 
mosquitoes to every conventionally used chemical class including or-
ganochlorine and organophosphate insecticides, microbial drugs and 
insect growth regulators and hindered the control programs [18,19]. 
The abundant use of insecticides might also impact fish, amphibians, 
aquatic arthropods, and other aquatic organisms. The development 
of environmentally friendly insecticides having specificity to insects 
along with low toxicity to vertebrates has attracted worldwide atten-
tion of scientists [20,21]. 

 Sodium hypochlorite, the active ingredient in house hold bleach, 
has been used to disinfect drinking and waste water prior to discharge 
[22] and sanitizer because of its high effectiveness and wide spec-
trum action against bacteria, viruses, fungi, and algae [23]. Chlori-
nated lime has been largely used for the control of cercariae in irri-
gation canal and ditches in Egypt [3,22]. Previous researchers have 
shown that sodium hypochlorite was lethal for immature stages of 
mosquitoes. [12] found that 100ppm of chlorine dosage killed Aedes 
aegypti in 24 hours in both pure and water from a larval habitat. [24] 
In series of studies on community participation in dengue prevention 
in Hondurans used household detergent to kill Aedes aegypti eggs. 
They investigated the lethal dose required to achieve 50% mortality 
in larvae, pupae, and eggs. Mortality (50%) of larvae was achieved 
between 27min and 4h, and between 4.3h and 15h for the pupae using  
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Abstract

 The larvicidal activities of sodium and calcium hypochlorite 
against the filaria vector Culex Pipiens were investigated under 
laboratory conditions. The different larval instars were exposed to 
different concentrations of sodium and calcium hypochlorite and 
the lethal concentrations were estimated. Calcium hypochlorite was 
more toxic to all larval instars than sodium hypochlorite. The esti-
mated LC50 values of sodium hypochlorite for 1st, 2nd, 3rd and 4th 
instar larvae, were 12.24, 46.2, 65.33 and 99.5 ppm, respectively. 
Meanwhile, the LC50 values of calcium hypochlorite were 1.3, 5.75, 
8.7 and 10.6 ppm for 1st, 2nd, 3rd and 4th larval instars, respectively. 
Both compounds caused mortality in all larval instars. Calcium hypo-
chlorite was more effective than sodium hypochlorite when mosquito 
larvae were exposed from the start of the 1st instar onwards. Hy-
pochlorite compounds significantly reduced larval survival rates and 
induced significant prolongation in the duration of larval instars and 
development period. Larvae treated with sublethal concentrations of 
hypochlorite compounds suffered from severe inhibition of integu-
ment development which was very fragile and ruptured easily. Most 
of treated larvae failed in splitting their exuviae and were unable to 

liberate themselves from the larval cuticle. Thesiphon of most treat-
ed larvae was wider and paddle filled with black patches.
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a concentration between 100-2.600ppm in clean water. Eggs treated 
with 100 ppm did not hatch [25] reported the use of 1% and 5% Na-
OCl to kill 100% of Aedes aegypti larvae in less than 24 h as part of 
program to eliminate Aedes aegypti introduced into Australia. [26] 
proved that 25% dilution of the sodium hypochlorite mother solution 
(15g/100ml) was capable of destroying the chorion of the eggs of Ae-
desalbopicus in less than 1 min. Sodium hypochlorite is already used 
to remove the chorion of any insect egg in embryological and genetic 
research [3,27]. The concentration of bleach that was required to kill 
all immature was higher in the presence of food and older immature. 
Nothing is known about the effect of hypochlorite on Culex pipiens. 

 The acute toxicity of insecticides is used to produce mortality in 
target insect population withina given area. Treatment of target spe-
cies with an insecticide may be uneven due to many factors, with 
some individuals therefore receiving sublethal dosages of insecti-
cides. Sublethal dosages of insecticides may affect insect population 
by: 1) affecting survival, 2) affecting the reproductive ability of indi-
viduals or 3) affecting the genetic makeup of future generations [28-
30]. Insecticides have been shown to affect a number of reproductive 
parameters in mosquitoes, including fecundity [31,32], egg hatching 
[33,34], immature development [35], adult longevity adult size [36] 
and blood feeding [37,38].

 There are no reports on the effect of hypochlorite compounds 
on the toxicity in Culex pipiens. Therefore, the present study was 
planned with the objective to understand the toxicity of hypochlo-
rite of these compounds on Culex pipiens, when exposed to sublethal 
concentration levels, which usually occur after field application of the 
compounds.

 The aim of the study was to evaluate the influence of two hypo-
chlorite compounds (sodium and calcium hypochlorite) on the Culex 
pipiens immature stages under laboratory condition through:

 Determination of the lethal effects of hypochlorite compounds on 
Culex pipiens immature stages.

 Determination of the survival rates of different immature stages 
of Culex pipiens exposed to sublethal concentrations of sodium and 
calcium hypochlorite.

Materials and Methods 
Culex pipiens source and maintenance

 Culex pipiens was initially obtained from larval breeding site at 
Tanta City, Egypt. Larvae collected were transferred to a plastic whirl-
pack bags (Nasco) half-filled with water from the breeding place and 
brought to the laboratory. In the laboratory, fourth in star larvae were 
collected and identified using the proposed key of [3, 39] for Egyptian 
culicine mosquitoes.

 Larvae were reared in plastic pans containing dechlorinated tap 
water. They were fed dry fish food flakes (Tetra Min) sprinkled on the 
water. Pupae were collected, transferred to a small plastic cups half 
field with water, and introduced into 30 cm cubic wooden emergence 
cages covered with mesh gauze.

 Emerged adults had continuous access to 10% sucrose solution. 
Two days after adult emergence, females were blood fed with pigeon 
and were then provided with containers half filled with water for ovi-
position. Egg rafts were collected and placed in small plastic cups  

(10cm in diameter and 7cm deep) filled with water. Larvae hatched 
from these rafts were transferred to wide plastic pans filled with water 
and were reared as previously described.

 The mosquito colony was maintained in the insectary room at the 
Zoology Department, Faculty of Science, Tanta University at 27-30°C 
and approximately 70% humidity. All experiments were conduction 
on the F1 generation of the field collected 4th instar larvae.

Chemicals

 Two chemical compounds containing high reactive nascent ox-
ygen were tested against Culex pipiens: Calcium hypochlorite (also 
known as chlorinated lime and bleaching powder) manufactured by 
Egypt Corporation for Chemical Industries, El-Max, Alexandria, 
Egypt (active ingredient of approximately 38%), and the commercial 
bleaching solution, sodium hypochlorite (active ingredient of approx-
imately 5-6%) manufactured by Alexandria Corporation for Oils and 
Soap, Kafr El-Zayait, Egypt [3].

Bioassay

 The bioassay of the LC50 was performed according to the standard 
methodology of [40]. A series of dilutions using dechlorinated tap 
water ranged between 4 and 500ppm for sodium hypochlorite and 1 
and100ppm for calcium hypochlorite were prepared using the stock 
solution. In the bioassay test, 50 larvae of 1st, 2nd, 3rd and 4th were used 
separately per each concentration and control with 3 replicates. The 
larvae were placed in a plastic pan containing 1000ml of each test 
solution. Dechlorinated tap water was used in the control groups. Dry 
fish food flakes (Tetra Min) were added to each container. The ex-
periment was conducted at 27-30°C and 70% relative humidity. The 
mortality rates were recorded after 24h. 

Data analysis: Probit analysis [41] was used to analyze data and to 
determine the 50% lethal concentration (LC50) and the 90% lethal 
concentration (LC90) values using dosage-mortality regression line.

Effect of sub lethal concentrations of sodium and calcium 
hypochlorite on Culex pipiens egg hatching and larval 
development

 In this experiment, the comparative effect of sodium and calcium 
hypochlorite at their sublethal concentrations on egg hatching, the 
growth and survival rates of Culex pipiens larvae was investigated. 
Groups of 100 eggs and of each 1st, 2nd, 3rd and 4th larval instars were 
placed separately in a pan containing 2000ml of sublethal concentra-
tions determined for each larval instar in the previous bioassay test. 
The sublethal concentrations ranged between 4 and 100 ppm for so-
dium hypochlorite and between 0.1 and 20 ppm for calcium hypo-
chlorite. Control experiments were conducted using dechlorinated tap 
water. There were three replicates for each concentration and control. 
The larvae were provided with a diet of dry fish food flakes (Tetra 
Min). After 24 h of exposure, the survivors were counted rinsed with 
tap water and transferred to rearing pans containing dechlorinated tap 
water. There was no fixed time of observation; observation was sus-
tained from the onset of the experiment until larval death or else of 
successful adult emergence. The larvae were fed dry fish food flakes 
(Tetra Min) for the duration of the experiment. The experiment was 
conducted at 27-30°C and 70% relative humidity.
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 Data on growth and survival percentage were collected and the 
survival curves were used for comparison using the program of 
Graphpad prism. Data for growth and survival rates were subjected 
to One-way analysis of variance (ANOVA) with Dunnett’s posttest 
using Graph Pad Prism version 4.00 for Windows, GraphPad Soft-
ware, San Diego California USA to determine the effects of sublethal 
concentrations of hypochlorite compounds on growth and survival of 
mosquito immature stages. 

Morphological studies

 The objective of this study was to prepare whole mount slides of 
larvae exposed to 1/10 LC50 and LC50 of sodium and calcium hypo-
chlorite for 24h according to the method described by [42]. Larvae 
were placed on a glass slide with the dorsal side up. The siphon lies to 
the right side of the slide. Excess water was removed with a filter pa-
per. Birllis, gum chloral hydrate medium was placed on the specimen. 
The preparation was covered with a glass cover slip and allowed to 
dry.

Results
Susceptibility of Culex pipiens immature to calcium and 
sodium hypochlorite

 The purpose of this study was to investigate the susceptibility of 
the four larval instars of Culex pipiens to calcium and sodium hy-
pochlorite. The susceptibility of the different larval instars to these 
compounds is presented in (Table 1). In general, all larval instars were 
more susceptible to calcium hypochlorite than sodium hypochlorite. 
In particulars the 1st instar larvae were more susceptible to calcium 
hypochlorite than sodium hypochlorite. The estimated LC50 values for 
1st instar larvae exposed to calcium and sodium hypochlorites were 
1.3±0.04 and 12.24±0.43ppm, respectively. The LC90 values indicated 
that calcium hypochlorite was more toxic to 1st instar than sodium 
hypochlorite with LC90 values of 2.65±0.19 and 24.63±3.43ppm, re-
spectively (Figure 1).

 A similar trend was observed for 2nd instar larvae, they were more 
susceptible to calcium hypochlorite than sodium hypochlorite. The 
estimated LC50 values for 2nd instar larvae exposed to calcium and so-
dium hypochlorite were 5.75±0.19 and 46.2±1.62 ppm, respectively. 
The LC90 values obtained indicated again that calcium hypochlorite 
was more toxic to 2nd instar larvae than sodium hypochlorite with LC90 
values of 11.90±1.96 and 97.86±10.98ppm respectively (Figure 1). 

 The LC50 values of calcium and sodium hypochlorites after expo-
sure of 3rd instar larvae were 8.7±0.55 and 65.3±3 1.25ppm respec-
tively. Calcium hypochlorite was more toxic to 3rd instar larvae than 
sodium hypochlorite with LC90 values of 35.6±9.3 and 195.24±3.29 
ppm respectively (Figure 1).

 For 4th instar larvae, the estimated LC50 values for calcium and 
sodium hypochlorite treatments were 10.6±0.45 and 99.5±5.24 ppm, 
respectively. This result indicated clearly that 4th instar larvae were 
more susceptible to calcium hypochlorite than sodium hypochlorite. 
The LC90 value obtained for calcium hypochlorite indicated that this 
compound was more toxic to 4th instar larvae than sodium hypochlo-
rite with LC90 values of 60.70±0.02 and 301±59.3 ppm respectively 
(Figure 1).

 In general, first instar larvae were more susceptible to calcium hy-
pochlorite than 2nd, 3rd, and 4th instar larvae with 4.4, 6.6 and 8.2-fold 
differences, respectively (Figure 1).

Effect of sublethal concentrations of sodium and calcium 
hypochlorite on Culexpipiens egg hatching and larval 
development

 The present work investigated the effect of sublethal concentra-
tions of sodium and calcium hypochlorite, estimated in the above ex-
periments, on Culex Pipiens egg hatchingandlarval survival rates and 
possible alterations of their morphology and histology.

Effect of sodium hypochlorite on Culex pipiens egg hatching and 
development: The hatching rate of the control eggs was 32%. Con-
trol first instar larvae were able to reach the adult stage in 20 days 
with a survival percentage of 32% (Figure 2). When eggs were in-
oculated into water treated with 4 and 12ppm sodium hypochlorite 
concentrations, their survival rates were 5% and 3%, respectively. At 
20ppm concentration, the larvae that reached the 3rd instar were un-
able to complete their development. Larvicidal effects were observed 
when the eggs were inoculated into water treated with 28 and 36ppm 

Figure 1: The 24-h concentrations - mortality regression lines for sodium and calcium 
hypochlorite against larvae of Culex pipiens. (A) First instar (B) Second instar (C) 
Third instar (D) Fourth instar (E) The 24-h Concentrations - mortality diagram for 
sodium and calcium hypochlorite against the four larval instars of Culex pipiens.

Larval 
Instars

LC50 ± SD LC90 ± SD

Sodium 
Hypochlorite

Calcium 
Hypochlorite

Sodium
Hypochlorite

Calcium 
Hypochlorite

1st 12.24 ± 0.43
(10.3, 14.23)

1.3 ± 0.04
(0.37, 2.23)

24.63 ± 3.43
(22.8, 26.5)

2.65 ± 0.19
(2.1, 3.21)

2nd 46.2 ± 1.62
(44.7, 47.7)

5.75 ± 0.19
(4.58, 6.92)

97.86 ± 10.98
(96, 99.8)

11.90 ± 1.96
(10.7, 13.14)

3rd 65.33 ± 1.25
(64.1, 66.6)

8.7 ± 0.55
(7.45, 10)

195.24 ± 3.29
(93.2, 97.3)

35.6 ± 9.3
(33.3, 37.9)

4th 99.5 ± 5.24
(97.4, 101.6)

10.6 ± 0.45
(9.1, 12.1)

301 ± 5.93
(298, 304)

60.70 ± 0.02
(58.8, 62.6)

Table 1: Mortality response of different larval instars of Culex pipiens to 
sodium and calcium hypochlorite 24h post exposure.

* LC50 and LC90 values are expressed as ppm.
 ** Values between brackets are confidence limits.
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sodium hypochlorite concentrations. All hatched larvae died during 
the 1st instar. 

Effects of sodium hypochlorite on the survival rate and develop-
ment of Culex pipiens larval instars

Effects on 1st larval instar: The mean percentage survivals and 
development of 1st larval instar of Culex pipiens after exposure to 
different sublethal concentration of sodium hypochlorite (0-36ppm) 
are illustrated in (Figure 2). Control 1st instar larvae required 18 days 
to reach the adult stage with survival percentage of 25%. At 4 and 
12ppm, the survival percentages of larvae significantly deceased (5% 
and 2%, respectively) as compared to the control group. At 20ppm, all 
treated larvae that reached the 3rd instar eventually died. Meanwhile at 
28 and 36ppm all larvae succumbed during the 2nd instar.

Effects on the 2nd larval instar: Control 2nd instar larvae required 14 
days to reach adulthood with survival percentage of 62% (Figure 2C). 
At 4 and 12ppm concentrations, the survival percentages significant-
ly decreased and were similar (11%). At 20ppm concentration, the 
survival percentage of larvae significantly decreased (2%) as com-
pared to the control insects. At 28ppm concentration, all treated larvae 
failed to reach the pupa stage, while at 36 ppm concentration most 
larvae died during the 3rd instar.

Effects on the 3rd larval instar: Control 3rd instar larvae reached the 
adult stage in 8 days with survival percentage of 72% (Figure 2). At 4, 
20 and 36ppm concentrations, the survival percentages were 43, 6 and 
4%, respectively. At 52ppm concentration, all exposed larvae failed to 
reach the pupa stage, while at 68ppm concentration most larvae died 
without molting to 4th instar.

Effects of on the 4th larval instar: Control 4th instar larvae required 
5 days to reach the adult stage with survival percentage of 89% (Fig-
ure 2). At 20, 36, 52 and 68ppm concentrations, the survival rates 
were 75, 28, 9 and 3 % respectively Fourth instar larvae exposed to 
84ppm concentration failed to pupate.

Effects of calcium hypochlorite on egg hatching and development 
of Culex Pipiens: In control experiment, 42% of Culex pipiens eggs 
hatched and the hatched larvae were able to reach the adult stage 
in 20 days with survival percentage of 42% (Figure 3). At 1, 2 and 
3ppm concentrations, most of treated eggs hatched to larvae, however 
further development was inhibited. Larvicidal effects were detected 
when eggs were inoculated into water treated with 4 and 5 ppm; most 
of the eggs failed to hatch and hatched larvae died during the 1st instar.

Effects on 1st larval instar: Control 1st instar mosquitoes required 
18 days to reach adulthood with survival percentage of 48 % (Figure 
3). The survival rates of larvae treated with 1 and 1.2ppm significant-
ly decreased (6 and 3%, respectively) as compared with the control 
insects. Larvae exposed to 1.4 and 1.6ppm developed to the 3rd instar 
and eventually died. At 2ppm concentration, most of the larvae suc-
cumbed during the 1st instar.

Effects on 2nd larval instar: Control 2nd instar larvae developed to 
the adult stage in 14 days with survival percentage of 43% (Figure 3). 
At 1ppm concentration, the survival rate was 9%, whereas at 3ppm 
concentration, only 2% of the larvae were able to reach the adult 
stage. Inhibition of development was observed when larvae were ex-
posed to 5ppm and 8ppm concentrations; none of the treated larvae 
molted to 3rd instar.

Figure 2: Survival of Culex pipiens. (A) Eggs (B) 1st Larval instar (C) 2nd larval instar 
(D) 3rd larval instar (E) 4th larval, exposed to sublethal concentrations of sodium hypo-
chlorite. Controls were reared in dechlorinated tap water. Hundred eggs were used /
concentration. Sublethal concentrations selected were 4-36ppm. Survival of larvae was 
estimated by quantifying the proportion of larvae reaching the adult stage.

Figure 3: Survival of Culex pipiens. (A) Eggs (B) 1st larval instar (C) 2nd larval instar 
(D) 3rd larval instar (E) 4th larval, exposed to sublethal concentrations of calcium hy-
pochlorite. Controls were reared in dechlorinated tap water. Hundred eggs were used /
concentration. Sublethal concentrations selected were1-5ppm. Survival of larvae was 
estimated by quantifying the proportion of larvae reaching the adult stage.
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Effects on the 3rd larval instar: Control 3rd larvae required 9 days to 
reach adulthood with survival percentage of 64% (Figure 3). Survival 
rates of larvae exposed to 4 and 6 ppm significantly decreased (17 and 
11%, respectively) as compared to the control group. Larvae exposed 
to 8 and 10ppm died during the 4th larval instar whereas all larvae 
exposed to 12ppm succumbed during the 3rd instar. 

Effects on the 4th larval instar: Under experimental conditions, 
control 4th instar larvae required 7 days to develop to the adult stage 
with survival percentage of 7% (Figure 3). Fourth instar larvae ex-
posed to 2ppm concentration showed significantly lower survival per-
centage of 12% as compared to the control group, while exposure of 
larvae to 4ppm concentration gave very low survival percentage of 
only 2% as compared to the control insects. Similar figure was also 
recorded with 6 ppm larval treatment. All larvae exposed to 10 and 
14 ppm concentrations died during the pupae stage whereas all larvae 
exposed to 18ppm concentration succumbed during the fourth instar.

Morphological changes induced by exposure of Culex 
pipiens larvae to sublethal concentrations of sodium and 
calcium hypochlorite

 Larvae treated with sublethal concentrations of sodium and cal-
cium hypochlorite differed from control larvae not only in their size, 
but also with regard to their integument, which was very fragile and 
ruptured easily than observed for any of the controls or any other lar-
vae of the same culture stock (Figure 4). Furthermore, the siphon of 
most treated larvae was wider as compared to controls (Figure 5). All 
larval instars that were exposed to sublethal concentration of sodium 
and calcium hypochlorite showed black patches in the paddle (Figure 
6). These patches appeared thicker and intense in larvae exposed to 
LC50 of sodium and calcium hypochlorite (Figure 6). 

Discussion
 The purpose of this work was to determine the dose-response re-
lationship and hence the concentrations of sodium and calcium hy-
pochlorite compounds that are required to kill 50% (LC50) and 90% 
(LC90) of the different Culex pipiens larval instars. 

Susceptibility of Culex pipiens larvae to hypochlorite 
compounds

 The results obtained showed that hypochlorite compounds had 
different effects on the larval stages of Culex pipiens. Mortality rates  

of larvae varied according to the concentration and the type of hypo-
chlorite compound. Calcium hypochlorite was more effective against 
all larval stages than sodium hypochlorite, where the median lethal 
concentrations (LC50) for sodium hypochlorite were 12.2±1.99ppm, 
46.2±1.5 ppm, 65.33±1.2ppm and 99.5±2.06ppm, for 1st, 2nd, 3rd and 
4th larval instars, respectively. While the LC50 values for calcium 
hypochlorite were 1.3±0.93ppm, 5.75±1.17ppm, 8.7±1.25ppm and 
10.6±1.47ppm for 1st, 2nd, 3rd and 4th larval instars, respectively. Tox-
icity of hypochlorite compounds to Culex pipiens in this study was 
generally as those of [43] who found that the 100ppm sodium hypo-
chlorite dosage killed Aedes aegypti larvae in 24h. Similarly, [24,44] 
found that 100-2600ppm of sodium hypochlorite in clean water was 
required to achieve 50% mortality in larvae, pupae and eggs of Aedes 
aegypti in a community participation research project in Honduras. 
[12] found that a concentration 250ppm NaOCl was able to kill all 
larvae of Aedes aegypti present at the time of application. [12] Found 
that the concentration of bleach that was required to kill all immature 
was higher in the presence of larval food and older immature. 

 In this study, the younger instars (1st and 2nd) were more suscep-
tible to hypochlorite compounds than older ones (3rd and 4th instars). 
The susceptibility to exposure to hypochlorite declined with the age 
of mosquito larvae. It was suggested that the insecticides might vary 
in their rates of reaching the target site in different age groups [45]. 
Several reports demonstrated that age-dependent enzyme activity 
may be the reason for the present finding. Age -dependent enzyme 
activity had been reported on glutathione S-transferase in Aedes 

Figure 5: Morphogenetic changes found in Culex pipiens treated with LC10 of sodium 
and calcium hypochlorite at the 2nd larval instar comparing to the control. (A) Normal 
2nd instar larva. (B) Sodium hypochlorite-treated 2nd instar larva, note the siphon of 
most treated larvae was wider as compared to controls.

Figure 6: Morphogenetic changes found in Culex pipiens treated with LC50 of sodium 
hypochlorite at the 4th larval instar comparing to the control. (A) Normal 4th instar 
larva. (B). sodium and calcium hypochlorite-treated 4th instar larva, note black patches 
in the paddle.

Figure 4: Morphogenetic changes found in Culex pipiens treated with LC50 of calcium 
hypochlorite at the 4th larval instar comparing to the control. (A) Normal 4th instar larva 
(He, head, Th, thorax, Ab, abdomen, Si, siphon, Pa, paddle). (B) Calcium and sodium 
hypochlorite-treated 4th instar larva, note the deformed soft larval integument and dis-
tortion of the abdominal segments. Such larva was unable to liberate themselves from 
the larval exuvium, and succumbed.
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aegypti [46,47] and Malathion carboxylesterase in Aedesstephensi-
mosquitoes [47,48].

Effect of sublethal concentrations of sodium and calcium 
hypochlorite on Culex pipiens egg hatching and larval 
development

 The results indicated that hypochlorite compounds induced inhi-
bition of growth of Culex pipiens larvae. There was a delay in the 
development of larvae to the pupal stage and some failed at the pu-
pal stage when the 2nd and 3rd instars were exposed to hypochlorite 
compounds. This was specially noted when larvae were exposed to 
calcium hypochlorite. Data obtained revealed that when Culex pipi-
ens eggs were inoculated into water treated with 4 and 12ppm sodium 
hypochlorite concentrations, the survival rates were very low (5% and 
3%, respectively). The decreased rate of survival of larvae hatched 
from treated eggs may indicate that the lipid layer of the egg chorion, 
which provides a general barrier to hydrophilic materials [49-51], was 
damaged to the extent that the hypochlorite compounds targeted the 
embryo within the egg. Sodium hypochlorite is already widely used to 
remove the chorion of many insect eggs in embryological and genetic 
research [52,53]. The chorion is susceptible to desiccation and un-re-
sistant to detergents or reducing agents as SDS [54,55].

Morphological changes induced by exposure of Culex pipiens lar-
vae to sublethal concentrations of sodium and calcium hypochlo-
rite

 In the present study, differed larval instars of Culex pipiens treat-
ed with sublethal concentrations of sodium and calcium hypochlorite 
showed fragile integument than observed for any of the control lar-
vae. The siphon of most treated larvae was wider and paddles with 
black patches these patches appeared thicker and intense in larvae 
exposed to LC50 of sodium hypochlorite. Abnormalities observed in 
larvae appear to be connected to increased internal body pressure and 
deterioration of the mechanical properties of the cuticle. Plantextracts 
tested against the 2nd instar larvae of Culex Pipiens induced some 
morphological abnormalities in pupae and adults (pupal-adult inter-
mediates) [56,57]. 

 The treatment of larvae of Culex pipiens with sublethal concentra-
tions of sodium and calcium hypochlorite caused degeneration of the 
hypodermal cell layer structure of the alimentary canal, the mid gut 
cells appeared thinner and flattened, with disappearance of the per-
itrophic membrane, which might reduce food digestion and absorp-
tion, with concurrent reduction of the growth and the survival of lar-
vae. Treated larvae showed reduced fat body, muscle, and Malpighian 
changes. A survey of the literature failed to reveal studies in which 
the morphological and histological effects of hypchlorite compounds 
were elucidated. However, [58] tated that avermectin could affect or-
gans such as the fat body. The fat body of larvae and adult Diptera 
has specific functions regarding to the period of insect developmental 
stage. In this sense, it is the site of protein synthesis for the haemo-
lymph in larvae and adults. Avermectin acting in the hyperolization 
of the fat boy cell membranes inhibit lipid, carbohydrate and protein 
uptake making with that these cytoplasmic inclusions become minors. 
The data from the histological studies suggest that the reduced fat 
body tissues may be responsible for the drastic changes observed in 
the biochemical profiling of hypochlorite treated larvae. 

Conclusion
 The present study aimed to determine the effect of two hypochlo-
rite preparation, sodium and calcium hypochlorite on the four larval 
stages of Culex Pipiens under laboratory conditions through evalu-
ation of: (1) Susceptibility of different larval instars to calcium and 
sodium hypochlorite. (2) Effect of sublethal concentrations of sodium 
and calcium hypochlorite on egg hatching, development, morphologi-
cal changes induced by exposure of larvae to sublethal concentrations 
of sodium and calcium hypochlorite.

 To evaluate the effect of sodium and calcium hypochlorite against 
Culex Pipiens larval stages, the concentration-mortality curves were 
constructed and the respective LC50 values were deduced. The results 
obtained showed that these compounds had different effects on the 
larval stages. Mortality rates of Culex Pipiens larvae varied according 
to the concentration of the hypochlorite compound. Calcium hypo-
chlorite was more effective than sodium hypochlorite in killing 1st, 
2nd, 3rd and 4th instar larvae. Also, the LC90 values indicated that calci-
um hypochlorite was more toxic than sodium hypochlorite in killing 
1st, 2nd, 3rd and 4th instar larvae.

 The present work investigated the effect of sublethal concentra-
tions of sodium and calcium hypochlorite on Culex Pipiens larval 
survival rates, based on biological parameter.

 Larvae that were treated with sublethal concentrations of sodium 
and calcium hypochlorite differed from control larvae not only in 
their size, but also with regard to their integument, which was very 
fragile and ruptured easily than observed for any of the controls. The 
siphon of most treated larvae was wider. All larval instars showed 
black patches in the paddle. The patches appeared thicker and intense 
in larvae exposed to LC50 of hypochlorite. The treatment of Culex 
pipiens larvae with sublethal concentrations of sodium and calcium 
hypochlorite caused degeneration of the cell structure of the alimenta-
ry canal. The mid gut cells appeared thinner and flattened, with disap-
pearance of the peritrophic matrix. Treated larvae showed reduced fat 
body tissues. Muscle change was also evident. The cuticle of the body 
wall was thinner than that of the control. In control larvae, the Mal-
pighian tubules were formed by cells with evident spherical nucleus 
and excretory products in the lumen. In larvae exposed to sublethal 
concentrations of hypochlorite accumulation of any substances in its 
lumen was not observed, which was narrow.

Acknowledgment
 The corresponding author is thankful to all authors about their 
technical support for their respective universities, research institutes 
and valuable help in completing this investigative project. This proj-
ect was funded by the Deanship of Scientific Research (DSR), King 
Abdulaziz University, Jeddah, under grant No. (D-106-150-1441). 
The authors, therefore, gratefully acknowledge DSR technical and 
financial support.

References

1. Shahen M, Guo Z, Shar AH, Ebaid R, Tao Q, et al .(2018) Dengue virus 
causes changes of MicroRNA-genes regulatory network revealing poten-
tial targets for antiviral drugs. BMC Syst Biol 12: 2.

http://doi.org/10.24966/ESCR-5020/100021
https://www.ncbi.nlm.nih.gov/pubmed/29301573
https://www.ncbi.nlm.nih.gov/pubmed/29301573
https://www.ncbi.nlm.nih.gov/pubmed/29301573


Citation: Shahen M, El-Wahsh HM, Ramadan H, Hegazi MAM, Al-Sharkawi IM, et al. (2020) A Comparison of the Toxicity of Calcium and Sodium Hypochlo-
rite against Culex Pipiens (Diptera: Culicidae) Larvae. J Environ Sci Curr Res 3: 021.

• Page 7 of 9 •

J Environ Sci Curr Res ISSN: 2643-5020, Open Access Journal
DOI: 10.24966/ESCR-5020/100021

Volume 3 • Issue 2 • 100021

2. Shahen M, Shar AH, Abd Abomohra EF, Guo Z, Wang Y (2018) Recent 
trends in systems biology of miRNAs and RNAi in dengue fever: Diagno-
sis and treatment. International Journal of Applied Research in Veterinary 
Medicine16.

3. Shu Z, Shahen M, Hegazi M, Al-Sharkaw I, Seif A (2018) Physiological 
response of Culex pipiens larvae to sublethal concentrations of sodium and 
calcium hypochlorite. Journal of Environmental Biology 39: 314-323.

4. Dyab AK, Galal LA, Mahmoud AE, Mokhtar Y (2016) Finding Walachia 
in filarial larvae and culicidae mosquitoes in upper Egypt governorate. Ko-
rean J Parasitol 54: 265-272.

5. Gad A, Shoukry A, El-Said S (1988) Vector competence to Wuchereri-
abancrofti in Culex pipiens collected from the Nile Delta. J Egypt Soc 
Parasitol 18: 259-272.

6. Ramzy RM, El Setouhy M, Helmy H, Ahmed ES, Elaziz KMM, et al. 
(9515) Effect of yearly mass drug administration with diethylcarbamazine 
and albendazole on bancroftian filariasis in Egypt: a comprehensive as-
sessment. The Lancet 367: 992-999.

7. Dyab AK, Galal LA, Mahmoud Ael S, Mokhtar Y (2015) Xenomonitoring 
of different filarial nematodes using single and multiplex PCR in mosqui-
toes from Assiut Governorate, Egypt. Korean J Parasitol 53: 77-83.

8. El E, Nagwa A (2001) Infection by certain arboviruses among workers 
potentially at risk of infection. J Egypt Public Health Assoc 76: 169-182.

9. Turell MJ, Morrill JC, Rossi CA, Gad AM, Cope SE, et al. (2002) Isola-
tion of west nile and sindbis viruses from mosquitoes collected in the nile 
valley of Egypt during an outbreak of rift valley fever. J Med Entomol 39: 
248-250.

10. Carapeta S, do Bem B, McGuinness J, Esteves A, Abecasis A, et al. (2015) 
Negeviruses found in multiple species of mosquitoes from southern Por-
tugal: Isolation, genetic diversity, and replication in insect cell culture. Vi-
rology 483: 318-328.

11. Samina I, Margalit J, Peleg J (1986) Isolation of viruses from mosquitoes 
of the Negev, Israel. Trans R Soc Trop Med Hyg 80: 471-472.

12. Barrera R, Amador M, Clark GG (2004) The use of household bleach to 
control Aedes aegypti. Journal of the American Mosquito Control Associ-
ation 20: 444-448.

13. Ault S (1993) Environmental management: A re-emerging vector control 
strategy. Am J Trop Med Hyg 50: 35-49.

14. De Barjac H, Sutherland DJ (2012) Bacterial control of mosquitoes & 
black flies: Biochemistry, genetics & applications of bacillus thuringiensis 
israelensis and bacillus sphaericus. Springer Science & Business Media, 
Netherlands.

15. Lacey LA, Undeen AH (1986) Microbial control of black flies and mosqui-
toes. Annual review of entomology 31: 265-296.

16. Olano VA, Matiz MI, Lenhart A, Cabezas L, Vargas SL, et al. (2015) 
Schools as potential risk sites for vector-borne disease transmission: Mos-
quito vectors in rural schools in two municipalities in Colombia. J Am 
Mosq Control Assoc 31: 212-222.

17. Self L, Shin H, Kim K, Lee K, Chow C, et al. (1973) Ecological studies on 
Culex tritaeniorhynchus as a vector of Japanese encephalitis. Bull World 
Health Organ 49: 41-47.

18. Randriamaherijaona S, Velonirina HJ, Boyer S (2016) Susceptibility status 
of Anopheles arabiensis (Diptera: Culicidae) commonly used as biological 
materials for evaluations of malaria vector control tools in Madagascar. 
Malar J 15: 338.

19. Yadouleton AW, Padonou G, Asidi A, Moiroux N, Bio-Banganna S, et al. 
(2010) Insecticide resistance status in Anopheles gambiae in southern Be-
nin. Malar J 9: 1.

20. Ma K, Li X, Hu H, Zhou D, Sun Y, et al. (2017) Pyrethroid-resistance is 
modulated by miR-92a by targeting CpCPR4 in Culex Pipiens pallens. 
Comp Biochem Physiol B Biochem Mol Biol 203: 20-24.

21. Tang ZH, Wood RJ, Cammack SL (1990) Acetylcholinesterase activity in 
organophosphorus and carbamate resistant and susceptible strains of the 
Culex pipiens complex. Pesticide Biochemistry and Physiology 37: 192-
199.

22. Al-Sharkawi I (1997) Chlorinated lime pockets: A model proposed for 
the control of Schistosoma mansonitransmission in irrigation streams and 
ditches in Egypt. Journal-Egyptian German Society of Zoology 23: 209-
236.

23. Rutala W, Weber D (1999) Infection control: The role of disinfection and 
sterilization. Journal of Hospital Infection 43: 43-55.

24. Sherman C, Fernandez EA, Chan AS, Lozano RC, Leontsini E, et al. 
(1998) La Untadita: A procedure for maintaining washbasins and drums 
free of Aedes aegypti based on modification of existing practices. The 
American journal of tropical medicine and hygiene 58: 257-262.

25. Ritchie SA (2001) Efficacy of Australian quarantine procedures against the 
mosquito Aedes aegypti. J Am Mosq Control Assoc 17: 114-117.

26. Di Domenico D, Ruggeri L, Trentini M (2006) The use of sodium hy-
pochlorite as ovicide against Aedes albopictus. Journal of the American 
Mosquito Control Association 22: 346-348.

27. Holland LZ, Kene M, Williams NA, Holland ND (1997) Sequence and 
embryonic expression of the amphioxus engrailed gene (AmphiEn): The 
metameric pattern of transcription resembles that of its segment-polarity 
homolog in Drosophila. Development 124: 1723-1732.

28. Moriarty F (1969) The sublethal effects of synthetic insecticides on in-
sects. Biological reviews 44: 321-356.

29. Nadda G, Saxena PN, Srivastava G (2005) Effects of beta-cyfluthrin on 
white and sepia mutants of Drosophila melanogaster. J Environ Biol 26: 
363-367.

30. Selvi M, Cavas T, Benli CKA, Kocak Memmi B, Cinkilic N, et al. (2013) 
Sublethal toxicity of esbiothrin relationship with total antioxidant status 
and in vivo genotoxicity assessment in fish (Cyprinus carpio L., 1758) 
using the micronucleus test and comet assay. Environ Toxicol 28: 644-651.

31. Antonio GE, Sanchez D, Williams T, Marina CF (2009) Paradoxical ef-
fects of sublethal exposure to the naturally derived insecticide spinosad in 
the dengue vector mosquito, Aedes aegypti. Pest Manag Sci 65: 323-326.

32. Firstenberg D, Sutherland D (1981) Reproductive effects in Aedes aegypti 
following sub-lethal treatment with methoprene or Abate. NJ Mosq Con-
trol Assoc Meet 41: 111-117.

33. De Coursey JD, Webster A (1953) Effect of insecticides and other sub-
stances on oviposition by aëdessollicitans. Journal of Economic Entomol-
ogy 45: 1030-1034.

34. Giusti A, Lagadic L, Barsi A, Thome JP, Joaquim-Justo C, et al. (2014) In-
vestigating apical adverse effects of four endocrine active substances in the 
freshwater gastropod Lymnaeastagnalis. Sci Total Environ 493: 147-155.

35. Wijeyaratne P (1976) Ph. D. dissertation. Univ of Texas Health Science 
Center at Houston; 1976. Effects of sublethal larvicide exposure on popu-
lation and flight characteristic of Culex Pipiens quinquefasciatus.

36. Kelada N, Gaaboub I, Rawash I (1981) The effect on reproduction and 
morphometrics of females of Culex pipiens L. of treatment of larvae with 
six insect growth regulators. The Journal of Agricultural Science 96: 611-
618.

37. Belinato TA, Valle D (2015) The impact of selection with diflubenzuron, a 
chitin synthesis inhibitor, on the fitness of two Brazilian aedes aegypti field 
populations. PLoS One 10: 0130719.

http://doi.org/10.24966/ESCR-5020/100021
https://www.researchgate.net/publication/324525741_Recent_Trends_in_Systems_Biology_of_miRNAs_and_RNAi_in_Dengue_Fever_Diagnosis_and_Treatment
https://www.researchgate.net/publication/324525741_Recent_Trends_in_Systems_Biology_of_miRNAs_and_RNAi_in_Dengue_Fever_Diagnosis_and_Treatment
https://www.researchgate.net/publication/324525741_Recent_Trends_in_Systems_Biology_of_miRNAs_and_RNAi_in_Dengue_Fever_Diagnosis_and_Treatment
https://www.researchgate.net/publication/324525741_Recent_Trends_in_Systems_Biology_of_miRNAs_and_RNAi_in_Dengue_Fever_Diagnosis_and_Treatment
https://www.researchgate.net/publication/324874677_Physiological_response_of_Culex_pipiens_larvae_to_sublethal_concentrations_of_sodium_and_calcium_hypochlorite
https://www.researchgate.net/publication/324874677_Physiological_response_of_Culex_pipiens_larvae_to_sublethal_concentrations_of_sodium_and_calcium_hypochlorite
https://www.researchgate.net/publication/324874677_Physiological_response_of_Culex_pipiens_larvae_to_sublethal_concentrations_of_sodium_and_calcium_hypochlorite
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4977788/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4977788/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4977788/
https://www.ncbi.nlm.nih.gov/pubmed/3286788
https://www.ncbi.nlm.nih.gov/pubmed/3286788
https://www.ncbi.nlm.nih.gov/pubmed/3286788
https://www.sciencedirect.com/science/article/pii/S0140673606684262
https://www.sciencedirect.com/science/article/pii/S0140673606684262
https://www.sciencedirect.com/science/article/pii/S0140673606684262
https://www.sciencedirect.com/science/article/pii/S0140673606684262
http://www.aun.edu.eg/uploaded_full_txt/25706_full_txt.pdf
http://www.aun.edu.eg/uploaded_full_txt/25706_full_txt.pdf
http://www.aun.edu.eg/uploaded_full_txt/25706_full_txt.pdf
https://academic.oup.com/jme/article-abstract/39/1/248/880358
https://academic.oup.com/jme/article-abstract/39/1/248/880358
https://academic.oup.com/jme/article-abstract/39/1/248/880358
https://academic.oup.com/jme/article-abstract/39/1/248/880358
https://www.sciencedirect.com/science/article/pii/S0042682215002329
https://www.sciencedirect.com/science/article/pii/S0042682215002329
https://www.sciencedirect.com/science/article/pii/S0042682215002329
https://www.sciencedirect.com/science/article/pii/S0042682215002329
https://www.ncbi.nlm.nih.gov/pubmed/2879372
https://www.ncbi.nlm.nih.gov/pubmed/2879372
https://www.biodiversitylibrary.org/content/part/JAMCA/JAMCA_V20_N4_P444-448.pdf
https://www.biodiversitylibrary.org/content/part/JAMCA/JAMCA_V20_N4_P444-448.pdf
https://www.biodiversitylibrary.org/content/part/JAMCA/JAMCA_V20_N4_P444-448.pdf
https://www.ncbi.nlm.nih.gov/pubmed/8024083
https://www.ncbi.nlm.nih.gov/pubmed/8024083
https://www.worldcat.org/title/bacterial-control-of-mosquitoes-black-flies-biochemistry-genetics-applications-of-bacillus-thuringiensis-israelensis-and-bacillus-sphaericus/oclc/840311500
https://www.worldcat.org/title/bacterial-control-of-mosquitoes-black-flies-biochemistry-genetics-applications-of-bacillus-thuringiensis-israelensis-and-bacillus-sphaericus/oclc/840311500
https://www.worldcat.org/title/bacterial-control-of-mosquitoes-black-flies-biochemistry-genetics-applications-of-bacillus-thuringiensis-israelensis-and-bacillus-sphaericus/oclc/840311500
https://www.worldcat.org/title/bacterial-control-of-mosquitoes-black-flies-biochemistry-genetics-applications-of-bacillus-thuringiensis-israelensis-and-bacillus-sphaericus/oclc/840311500
https://www.researchgate.net/publication/20287993_Microbial_Control_of_Black_Flies_and_Mosquitoes
https://www.researchgate.net/publication/20287993_Microbial_Control_of_Black_Flies_and_Mosquitoes
https://www.ncbi.nlm.nih.gov/pubmed/26375902
https://www.ncbi.nlm.nih.gov/pubmed/26375902
https://www.ncbi.nlm.nih.gov/pubmed/26375902
https://www.ncbi.nlm.nih.gov/pubmed/26375902
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2481081/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2481081/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2481081/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4929764/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4929764/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4929764/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4929764/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2858214/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2858214/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2858214/
https://www.sciencedirect.com/science/article/pii/S1096495916301233
https://www.sciencedirect.com/science/article/pii/S1096495916301233
https://www.sciencedirect.com/science/article/pii/S1096495916301233
https://www.sciencedirect.com/science/article/abs/pii/004835759090125L
https://www.sciencedirect.com/science/article/abs/pii/004835759090125L
https://www.sciencedirect.com/science/article/abs/pii/004835759090125L
https://www.sciencedirect.com/science/article/abs/pii/004835759090125L
https://www.sciencedirect.com/science/article/abs/pii/S0195670199900658
https://www.sciencedirect.com/science/article/abs/pii/S0195670199900658
https://www.researchgate.net/publication/51300314_La_Untadita_A_procedure_for_maintaining_washbasins_and_drums_free_of_Aedes_aegypti_based_on_modification_of_existing_practices
https://www.researchgate.net/publication/51300314_La_Untadita_A_procedure_for_maintaining_washbasins_and_drums_free_of_Aedes_aegypti_based_on_modification_of_existing_practices
https://www.researchgate.net/publication/51300314_La_Untadita_A_procedure_for_maintaining_washbasins_and_drums_free_of_Aedes_aegypti_based_on_modification_of_existing_practices
https://www.researchgate.net/publication/51300314_La_Untadita_A_procedure_for_maintaining_washbasins_and_drums_free_of_Aedes_aegypti_based_on_modification_of_existing_practices
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4627688/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4627688/
https://www.researchgate.net/publication/6909045_The_use_of_sodium_hypochlorite_as_ovicide_against_Aedes_albopictus
https://www.researchgate.net/publication/6909045_The_use_of_sodium_hypochlorite_as_ovicide_against_Aedes_albopictus
https://www.researchgate.net/publication/6909045_The_use_of_sodium_hypochlorite_as_ovicide_against_Aedes_albopictus
https://dev.biologists.org/content/124/9/1723
https://dev.biologists.org/content/124/9/1723
https://dev.biologists.org/content/124/9/1723
https://dev.biologists.org/content/124/9/1723
https://www.deepdyve.com/lp/wiley/the-sublethal-effects-of-synthetic-insecticides-on-insects-3QFsQmwVVF
https://www.deepdyve.com/lp/wiley/the-sublethal-effects-of-synthetic-insecticides-on-insects-3QFsQmwVVF
https://www.researchgate.net/publication/7435898_Effects_of_beta-cyfluthrin_on_white_and_sepia_mutants_of_Drosophila_melanogaster
https://www.researchgate.net/publication/7435898_Effects_of_beta-cyfluthrin_on_white_and_sepia_mutants_of_Drosophila_melanogaster
https://www.researchgate.net/publication/7435898_Effects_of_beta-cyfluthrin_on_white_and_sepia_mutants_of_Drosophila_melanogaster
https://www.ncbi.nlm.nih.gov/pubmed/21913301
https://www.ncbi.nlm.nih.gov/pubmed/21913301
https://www.ncbi.nlm.nih.gov/pubmed/21913301
https://www.ncbi.nlm.nih.gov/pubmed/21913301
https://onlinelibrary.wiley.com/doi/abs/10.1002/ps.1683
https://onlinelibrary.wiley.com/doi/abs/10.1002/ps.1683
https://onlinelibrary.wiley.com/doi/abs/10.1002/ps.1683
https://www.cabdirect.org/cabdirect/abstract/19531000193
https://www.cabdirect.org/cabdirect/abstract/19531000193
https://www.cabdirect.org/cabdirect/abstract/19531000193
https://www.ncbi.nlm.nih.gov/pubmed/24950493
https://www.ncbi.nlm.nih.gov/pubmed/24950493
https://www.ncbi.nlm.nih.gov/pubmed/24950493
https://academic.oup.com/jme/article-abstract/47/6/996/992994?redirectedFrom=fulltext
https://academic.oup.com/jme/article-abstract/47/6/996/992994?redirectedFrom=fulltext
https://academic.oup.com/jme/article-abstract/47/6/996/992994?redirectedFrom=fulltext
https://academic.oup.com/jme/article-abstract/47/6/996/992994?redirectedFrom=fulltext
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4481264/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4481264/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4481264/


Citation: Shahen M, El-Wahsh HM, Ramadan H, Hegazi MAM, Al-Sharkawi IM, et al. (2020) A Comparison of the Toxicity of Calcium and Sodium Hypochlo-
rite against Culex Pipiens (Diptera: Culicidae) Larvae. J Environ Sci Curr Res 3: 021.

• Page 8 of 9 •

J Environ Sci Curr Res ISSN: 2643-5020, Open Access Journal
DOI: 10.24966/ESCR-5020/100021

Volume 3 • Issue 2 • 100021

38. Liu W, Todd R, Gerberg E (1986) Effect of three pyrethroids on blood 
feeding and fecundity of Aedes aegypti. Journal of the American Mosquito 
Control Association 2: 310-313.

39. Harbach RE (1988) The mosquitoes of the subgenus culex in Southwestern 
Asia and Egypt (Diptera: Culicidae). Contributions of the American Ento-
mological Institute 24: 240.

40. WHO (1981) Instructions for determining the susceptibility or resistance 
of mosquito larvae to insecticides. World Health Organization, Geneva, 
Switzerland.

41. Finney DJ (1962) Probit analysis; a statistical treatment of the signoidre-
spoce curve. Cambridge University Press, UK.

42. Hunt R, Coetzee M (1986) Field sampling of Anopheles mosquitos for cor-
related cytogenic, electrophoretic and morphological studies. Bull World 
Health Organ 64: 897-900.

43. Macfie  J (1915) Chlorine as a Larvicide 1915. Report. Accra Laboratory 
for the Year.

44. Fernandez E, Leontsini E, Sherman C, Chan A, Reyes C, et al. (1998) 
Trial of a community-based intervention to decrease infestation of Aedes 
aegypti mosquitoes in cement washbasins in El Progreso, Honduras. Acta 
Trop70: 171-183.

45. Green L, Dorough H (1968) House fly age as a factor in their response to 
certain carbamates. J Econ Entomol 61: 88-90.

46. Hazelton GA, Lang C (1983) Glutathione S-transferase activities in the 
yellow-fever mosquito [Aedes aegypti (Louisville)] during growth and ag-
ing. Biochem J 210: 281-287.

47. Tetreau G, Chandor-Proust A, Faucon F, Stalinski R, Akhouayri I, et al. 
(2014) UV light and urban pollution: bad cocktail for mosquitoes? Aquat 
Toxicol 146: 52-60.

48. Rowland M, Hemingway J (1987) Changes in malathion resistance with 
age in Anopheles stephensi from Pakistan. Pesticide Biochemistry and 
Physiology 28: 239-247.

49. Smith E, Wagenknecht A (1958) The occurrence of cholinesterase in insect 
eggs and its role in the ovicidal action of organophosphates. Proc Xth Int 
Congr Ent 2: 29-39.

50. Visciarelli EC, Chopa CS, Picollo MI, Ferrero AA (2011) Cholinesterase 
activity during embryonic development in the blood-feeding bug Triatoma 
patagonica. Med Vet Entomol 25: 297-301.

51. Zhang LJ, Jing YP, Li XH, Li CW, Bourguet D, et al. (2015) Tempera-
ture-sensitive fitness cost of insecticide resistance in Chinese populations 
of the diamondback moth Plutellaxylostella. Mol Ecol 24: 1611-1627.

52. Holland PWS, Claudio D, Pwh H (1993) Essential developmental biology: 
A practical approach. Oxford, New York, USA.

53. Landi S, Gargani E, Paoli F, Simoni S, Roversi PF (2015) Morphological 
markers for cryopreservation in the embryonic development of drosophila 
suzukii (Diptera: Drosophilidae). J Econ Entomol 108: 1875-1883.

54. Han Q, Li G, Li J (2000) Purification and characterization of chorion per-
oxidase from Aedes aegypti eggs. Arch Biochem Biophys 378: 107-115.

55. Li JS, Li J (2005) Characterization of N-linked oligosaccharides in chorion 
peroxidase of Aedes aegypti mosquito. Protein Sci 14: 2370-2386.

56. Murugan K, Babu R, Jeyabalan D, Kumar NS, Sivaramakrishnan S (1996) 
Antipupational effect of neem oil and neem seed kernel extract against 
mosquito larvae of Anopheles stephensi (Liston). Journal of Entomologi-
cal Research 20: 137-139.

57. Silapanuntakul S, Keanjoom R, Pandii W, Boonchuen S, Sombatsiri K 
(2016) Efficacy of thai neem oil against aedes aegypti (L.) Larvae. South-
east Asian J Trop Med Public Health 47: 410-415.

58. Strong L, Brown T (1987) Avermectins in insect control and biology: a 
review. Bulletin of entomological research 77: 357-389.

http://doi.org/10.24966/ESCR-5020/100021
https://www.biodiversitylibrary.org/content/part/JAMCA/JAMCA_V02_N3_P310-313.pdf
https://www.biodiversitylibrary.org/content/part/JAMCA/JAMCA_V02_N3_P310-313.pdf
https://www.biodiversitylibrary.org/content/part/JAMCA/JAMCA_V02_N3_P310-313.pdf
https://www.cabdirect.org/cabdirect/abstract/19890595423
https://www.cabdirect.org/cabdirect/abstract/19890595423
https://www.cabdirect.org/cabdirect/abstract/19890595423
https://apps.who.int/iris/handle/10665/69615
https://apps.who.int/iris/handle/10665/69615
https://apps.who.int/iris/handle/10665/69615
https://www.worldcat.org/title/probit-analysis-a-statistical-treatment-of-the-sigmoid-response-curve/oclc/565507493
https://www.worldcat.org/title/probit-analysis-a-statistical-treatment-of-the-sigmoid-response-curve/oclc/565507493
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2490991/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2490991/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2490991/
https://www.cabdirect.org/cabdirect/abstract/19171000108
https://www.cabdirect.org/cabdirect/abstract/19171000108
https://www.ncbi.nlm.nih.gov/pubmed/9698263
https://www.ncbi.nlm.nih.gov/pubmed/9698263
https://www.ncbi.nlm.nih.gov/pubmed/9698263
https://www.ncbi.nlm.nih.gov/pubmed/9698263
https://www.ncbi.nlm.nih.gov/pubmed/5636849
https://www.ncbi.nlm.nih.gov/pubmed/5636849
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1154222/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1154222/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1154222/
https://www.sciencedirect.com/science/article/abs/pii/S0166445X13003019
https://www.sciencedirect.com/science/article/abs/pii/S0166445X13003019
https://www.sciencedirect.com/science/article/abs/pii/S0166445X13003019
https://www.sciencedirect.com/science/article/abs/pii/0048357587900228
https://www.sciencedirect.com/science/article/abs/pii/0048357587900228
https://www.sciencedirect.com/science/article/abs/pii/0048357587900228
https://www.researchgate.net/publication/51218017_Cholinesterase_activity_during_embryonic_development_in_the_blood-feeding_bug_Triatoma_patagonica
https://www.researchgate.net/publication/51218017_Cholinesterase_activity_during_embryonic_development_in_the_blood-feeding_bug_Triatoma_patagonica
https://www.researchgate.net/publication/51218017_Cholinesterase_activity_during_embryonic_development_in_the_blood-feeding_bug_Triatoma_patagonica
https://www.onlinelibrary.wiley.com/doi/abs/10.1111/mec.13133
https://www.onlinelibrary.wiley.com/doi/abs/10.1111/mec.13133
https://www.onlinelibrary.wiley.com/doi/abs/10.1111/mec.13133
https://www.worldcat.org/title/essential-developmental-biology-a-practical-approach/oclc/27854364
https://www.worldcat.org/title/essential-developmental-biology-a-practical-approach/oclc/27854364
https://www.cabdirect.org/cabdirect/abstract/20153368967
https://www.cabdirect.org/cabdirect/abstract/20153368967
https://www.cabdirect.org/cabdirect/abstract/20153368967
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2880325/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2880325/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2253460/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2253460/
http://www.indianjournals.com/ijor.aspx?target=ijor:jer&volume=20&issue=2&article=007
http://www.indianjournals.com/ijor.aspx?target=ijor:jer&volume=20&issue=2&article=007
http://www.indianjournals.com/ijor.aspx?target=ijor:jer&volume=20&issue=2&article=007
http://www.indianjournals.com/ijor.aspx?target=ijor:jer&volume=20&issue=2&article=007
https://www.ncbi.nlm.nih.gov/pubmed/27405123/
https://www.ncbi.nlm.nih.gov/pubmed/27405123/
https://www.ncbi.nlm.nih.gov/pubmed/27405123/
https://www.cambridge.org/core/journals/bulletin-of-entomological-research/article/avermectins-in-insect-control-and-biology-a-review/7CED091B5F9CCE4FD7A03DB9691A1C06
https://www.cambridge.org/core/journals/bulletin-of-entomological-research/article/avermectins-in-insect-control-and-biology-a-review/7CED091B5F9CCE4FD7A03DB9691A1C06


Herald Scholarly Open Access, 2561 Cornelia Rd, #205, Herndon, VA 20171, USA.
Tel: +1 202-499-9679; E-mail: info@heraldsopenaccess.us

http://www.heraldopenaccess.us/

Submit Your Manuscript: https://www.heraldopenaccess.us/submit-manuscript

Advances In Industrial Biotechnology | ISSN: 2639-5665 

Advances In Microbiology Research | ISSN: 2689-694X 

Archives Of Surgery And Surgical Education | ISSN: 2689-3126 

Archives Of Urology

Archives Of Zoological Studies | ISSN: 2640-7779 

Current Trends Medical And Biological Engineering

International Journal Of Case Reports And Therapeutic Studies | ISSN: 2689-310X 

Journal Of Addiction & Addictive Disorders | ISSN: 2578-7276 

Journal Of Agronomy & Agricultural Science | ISSN: 2689-8292 

Journal Of AIDS Clinical Research & STDs | ISSN: 2572-7370 

Journal Of Alcoholism Drug Abuse & Substance Dependence | ISSN: 2572-9594 

Journal Of Allergy Disorders & Therapy | ISSN: 2470-749X 

Journal Of Alternative Complementary & Integrative Medicine | ISSN: 2470-7562 

Journal Of Alzheimers & Neurodegenerative Diseases | ISSN: 2572-9608 

Journal Of Anesthesia & Clinical Care | ISSN: 2378-8879 

Journal Of Angiology & Vascular Surgery | ISSN: 2572-7397 

Journal Of Animal Research & Veterinary Science | ISSN: 2639-3751 

Journal Of Aquaculture & Fisheries | ISSN: 2576-5523 

Journal Of Atmospheric & Earth Sciences | ISSN: 2689-8780 

Journal Of Biotech Research & Biochemistry

Journal Of Brain & Neuroscience Research

Journal Of Cancer Biology & Treatment | ISSN: 2470-7546 

Journal Of Cardiology Study & Research | ISSN: 2640-768X 

Journal Of Cell Biology & Cell Metabolism | ISSN: 2381-1943 

Journal Of Clinical Dermatology & Therapy | ISSN: 2378-8771 

Journal Of Clinical Immunology & Immunotherapy | ISSN: 2378-8844 

Journal Of Clinical Studies & Medical Case Reports | ISSN: 2378-8801 

Journal Of Community Medicine & Public Health Care | ISSN: 2381-1978 

Journal Of Cytology & Tissue Biology | ISSN: 2378-9107 

Journal Of Dairy Research & Technology | ISSN: 2688-9315 

Journal Of Dentistry Oral Health & Cosmesis | ISSN: 2473-6783 

Journal Of Diabetes & Metabolic Disorders | ISSN: 2381-201X 

Journal Of Emergency Medicine Trauma & Surgical Care | ISSN: 2378-8798 

Journal Of Environmental Science Current Research | ISSN: 2643-5020 

Journal Of Food Science & Nutrition | ISSN: 2470-1076 

Journal Of Forensic Legal & Investigative Sciences | ISSN: 2473-733X 

Journal Of Gastroenterology & Hepatology Research | ISSN: 2574-2566 

 

Journal Of Genetics & Genomic Sciences | ISSN: 2574-2485 

Journal Of Gerontology & Geriatric Medicine | ISSN: 2381-8662 

Journal Of Hematology Blood Transfusion & Disorders | ISSN: 2572-2999 

Journal Of Hospice & Palliative Medical Care

Journal Of Human Endocrinology | ISSN: 2572-9640 

Journal Of Infectious & Non Infectious Diseases | ISSN: 2381-8654 

Journal Of Internal Medicine & Primary Healthcare | ISSN: 2574-2493 

Journal Of Light & Laser Current Trends

Journal Of Medicine Study & Research | ISSN: 2639-5657 

Journal Of Modern Chemical Sciences

Journal Of Nanotechnology Nanomedicine & Nanobiotechnology | ISSN: 2381-2044 

Journal Of Neonatology & Clinical Pediatrics | ISSN: 2378-878X 

Journal Of Nephrology & Renal Therapy | ISSN: 2473-7313 

Journal Of Non Invasive Vascular Investigation | ISSN: 2572-7400 

Journal Of Nuclear Medicine Radiology & Radiation Therapy | ISSN: 2572-7419 

Journal Of Obesity & Weight Loss | ISSN: 2473-7372 

Journal Of Ophthalmology & Clinical Research | ISSN: 2378-8887 

Journal Of Orthopedic Research & Physiotherapy | ISSN: 2381-2052 

Journal Of Otolaryngology Head & Neck Surgery | ISSN: 2573-010X 

Journal Of Pathology Clinical & Medical Research

Journal Of Pharmacology Pharmaceutics & Pharmacovigilance | ISSN: 2639-5649 

Journal Of Physical Medicine Rehabilitation & Disabilities | ISSN: 2381-8670 

Journal Of Plant Science Current Research | ISSN: 2639-3743 

Journal Of Practical & Professional Nursing | ISSN: 2639-5681 

Journal Of Protein Research & Bioinformatics

Journal Of Psychiatry Depression & Anxiety | ISSN: 2573-0150 

Journal Of Pulmonary Medicine & Respiratory Research | ISSN: 2573-0177 

Journal Of Reproductive Medicine Gynaecology & Obstetrics | ISSN: 2574-2574 

Journal Of Stem Cells Research Development & Therapy | ISSN: 2381-2060 

Journal Of Surgery Current Trends & Innovations | ISSN: 2578-7284 

Journal Of Toxicology Current Research | ISSN: 2639-3735 

Journal Of Translational Science And Research

Journal Of Vaccines Research & Vaccination | ISSN: 2573-0193 

Journal Of Virology & Antivirals

Sports Medicine And Injury Care Journal | ISSN: 2689-8829 

Trends In Anatomy & Physiology | ISSN: 2640-7752 

https://www.heraldopenaccess.us/submit-manuscript
http://www.heraldopenaccess.us/journals/advances-in-industrial-biotechnology
http://www.heraldopenaccess.us/journals/advances-in-microbiology-research
http://www.heraldopenaccess.us/journals/archives-of-surgery-and-surgical-education
http://www.heraldopenaccess.us/journals/archives-of-urology
http://www.heraldopenaccess.us/journals/archives-of-zoological-studies
http://www.heraldopenaccess.us/journals/current-trends-medical-and-biological-engineering
http://www.heraldopenaccess.us/journals/international-journal-of-case-reports-and-therapeutic-studies
http://www.heraldopenaccess.us/journals/journal-of-addiction-addictive-disorders
http://www.heraldopenaccess.us/journals/journal-of-agronomy-&-agricultural-science
http://www.heraldopenaccess.us/journals/journal-of-aids-clinical-research-stds
http://www.heraldopenaccess.us/journals/journal-of-alcoholism-drug-abuse-substance-dependence
http://www.heraldopenaccess.us/journals/journal-of-allergy-disorders-therapy
http://www.heraldopenaccess.us/journals/journal-of-alternative-complementary-integrative-medicine
http://www.heraldopenaccess.us/journals/journal-of-alzheimers-neurodegenerative-diseases
http://www.heraldopenaccess.us/journals/journal-of-anesthesia-clinical-care
http://www.heraldopenaccess.us/journals/journal-of-angiology-vascular-surgery
http://www.heraldopenaccess.us/journals/journal-of-animal-research-veterinary-science
http://www.heraldopenaccess.us/journals/journal-of-aquaculture-fisheries
http://www.heraldopenaccess.us/journals/journal-of-atmospheric-earth-sciences
http://www.heraldopenaccess.us/journals/journal-of-biotech-research-biochemistry
http://www.heraldopenaccess.us/journals/journal-of-brain-neuroscience-research
http://www.heraldopenaccess.us/journals/journal-of-cancer-biology-treatment
http://www.heraldopenaccess.us/journals/journal-of-cardiology-study-research
http://www.heraldopenaccess.us/journals/journal-of-cell-biology-cell-metabolism
http://www.heraldopenaccess.us/journals/journal-of-clinical-dermatology-therapy
http://www.heraldopenaccess.us/journals/journal-of-clinical-immunology-immunotherapy
http://www.heraldopenaccess.us/journals/journal-of-clinical-studies-medical-case-reports
http://www.heraldopenaccess.us/journals/journal-of-community-medicine-public-health-care
http://www.heraldopenaccess.us/journals/journal-of-cytology-tissue-biology
http://www.heraldopenaccess.us/journals/journal-of-dairy-research-&-technology
http://www.heraldopenaccess.us/journals/journal-of-dentistry-oral-health-cosmesis
http://www.heraldopenaccess.us/journals/journal-of-diabetes-metabolic-disorders
http://www.heraldopenaccess.us/journals/journal-of-emergency-medicine-trauma-surgical-care
http://www.heraldopenaccess.us/journals/journal-of-environmental-science-current-research
http://www.heraldopenaccess.us/journals/journal-of-food-science-nutrition
http://www.heraldopenaccess.us/journals/journal-of-forensic-legal-investigative-sciences
http://www.heraldopenaccess.us/journals/journal-of-gastroenterology-hepatology-research
http://www.heraldopenaccess.us/journals/journal-of-genetics-genomic-sciences
http://www.heraldopenaccess.us/journals/journal-of-gerontology-geriatric-medicine
http://www.heraldopenaccess.us/journals/journal-of-hematology-blood-transfusion-disorders
http://www.heraldopenaccess.us/journals/journal-of-hospice-palliative-medical-care
http://www.heraldopenaccess.us/journals/journal-of-human-endocrinology
http://www.heraldopenaccess.us/journals/journal-of-infectious-non-infectious-diseases
http://www.heraldopenaccess.us/journals/journal-of-internal-medicine-primary-healthcare
http://www.heraldopenaccess.us/journals/journal-of-light-laser-current-trends
http://www.heraldopenaccess.us/journals/journal-of-medicine-study-research
http://www.heraldopenaccess.us/journals/journal-of-modern-chemical-sciences
http://www.heraldopenaccess.us/journals/journal-of-nanotechnology-nanomedicine-nanobiotechnology
http://www.heraldopenaccess.us/journals/journal-of-neonatology-clinical-pediatrics
http://www.heraldopenaccess.us/journals/journal-of-nephrology-renal-therapy
http://www.heraldopenaccess.us/journals/journal-of-non-invasive-vascular-investigation
http://www.heraldopenaccess.us/journals/journal-of-nuclear-medicine-radiology-radiation-therapy
http://www.heraldopenaccess.us/journals/journal-of-obesity-weight-loss
http://www.heraldopenaccess.us/journals/journal-of-ophthalmology-clinical-research
http://www.heraldopenaccess.us/journals/journal-of-orthopedic-research-physiotherapy
http://www.heraldopenaccess.us/journals/journal-of-otolaryngology-head-neck-surgery
http://www.heraldopenaccess.us/journals/journal-of-pathology-clinical-medical-research
http://www.heraldopenaccess.us/journals/journal-of-pharmacology-pharmaceutics-pharmacovigilance
http://www.heraldopenaccess.us/journals/journal-of-physical-medicine-rehabilitation-disabilities
http://www.heraldopenaccess.us/journals/journal-of-plant-science-current-research
http://www.heraldopenaccess.us/journals/journal-of-practical-professional-nursing
http://www.heraldopenaccess.us/journals/journal-of-protein-research-&-bioinformatics
http://www.heraldopenaccess.us/journals/journal-of-psychiatry-depression-anxiety
http://www.heraldopenaccess.us/journals/journal-of-pulmonary-medicine-respiratory-research
http://www.heraldopenaccess.us/journals/journal-of-reproductive-medicine-gynaecology-obstetrics
http://www.heraldopenaccess.us/journals/journal-of-stem-cells-research-development-therapy
http://www.heraldopenaccess.us/journals/journal-of-surgery-current-trends-innovations
http://www.heraldopenaccess.us/journals/journal-of-toxicology-current-research
http://www.heraldopenaccess.us/journals/journal-of-translational-science-and-research
http://www.heraldopenaccess.us/journals/journal-of-vaccines-research-vaccination
http://www.heraldopenaccess.us/journals/journal-of-virology-antivirals
http://www.heraldopenaccess.us/journals/sports-medicine-and-injury-care-journal
http://www.heraldopenaccess.us/journals/trends-in-anatomy-physiology

