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Abstract

Aim :

Methodology :

Results :

Interpretation :

The present study investigated the physiological responses and histopathological changes of
larvae exposed to sublethal concentrations of sodium and calcium hypochlorite.

The concentration of total protein, lipids and carbohydrates as well as activity of
acetylcholinesterase were determined in larvae using colorimetric methods. The interaction between
hypochlorite and fourth instars larvae of was followed through histological sections.

The contents of total protein and total carbohydrates of all larval instars increased following
treatment with sublethal concentrations of both hypochlorite compounds. However, treatment of larvae with
1/10 LC induced significant reduction in the total carbohydrate content. In addition, treatment of larvae
with sublethal concentrations of both hypochlorite compounds induced significant reduction in the total lipid
content. Furthermore, the acetylcholinesterase activity significantly decreased in treated first and second
larval instars, while increased in treated third and fourth larval instars.

In larvae treated with sublethal concentrations of calcium and sodium hypochlorite, the mid gut
cells appeared thinner and flattened, with disappearance of the peritrophic matrix and reduced fat body. The
presentstudysuggestedthathypochloritecompoundshadapronouncedeffecton larvalmetabolicpathways.
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control of cercariae in irrigation canal and ditches in Egypt (Al-
Sharkawi, 1997). Previous researches have shown that sodium
hypochlorite was lethal for immature stages of mosquitoes.
(Barrera ., 2004) found that 100 ppm of chlorine dosage killed

in 24 hours in both pure and water from a larval
habitat.

The aim of the present study was to determine
histological and physiological changes of the tissues, the
biochemical profile of the primary metabolites (total protein, total
carbohydrates, and total l ipids) and estimation of
acetylcholinesterase activity in larvae after exposure to
sub lethal concentrations of sodium and calcium hypochlorite.

was
obtained from larval breeding site at Tanta city, Egypt. The
collected larvae were transferred to a plastic whirl–pack bags
(Nasco) half-filled with water from the breeding place and
transferred to the laboratory. In the laboratory, fourth instar larvae
were collected and identified using the proposed key of (Harbach,
1988) for Egyptian culicine mosquitoes.

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

The larvae were exposed to 1/10 LC and
LC of sodium and calcium hypochlorite for 24 h. After that they
were fixed in formalin (5%) at room temperature for 24 h. Sections
were stained with Mayer's hematoxylin for 15 minutes, washed
with distilled water or alkaline alcohols and counter stained with
eosin for 20-60 min. After dehydration, sections were cleared in
xylene for 10 min and mounted in Canada balsam for further
examination.

The total lipids, proteins and
carbohydrates as well as acetylcholinesterase activity were
evaluated for each larval stage of that survived
exposed to two different concentrations of 1/10 LC and LC
values estimated for 1 , 2  , 3 and 4 larval instars. The
experiment was conducted under the above-mentioned
conditions.

Batches of eighty larvae at each stage of
development exposed to the selected sub lethal concentrations of
both hypochlorite compounds for 24 h were removed from the
rearing pans and were used for the biochemical analysis. The
larvae were homogenized in 10 ml distilled water. Homogenates
were centrifuged at 3000 g and 2 C for 10. Supernatant was used
directly for biochemical assays.
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Introduction

Mosquito-borne diseases are an increasing cause of
death and suffering in almost all tropical and subtropical countries
(Andersen and Davis, 2016; Fouad ., 2017). They are
responsible for the transmission of the pathogens causing
debilitating diseases of man like malaria and some of the most
life-threatening like lymph node filariasis, dengue fever, yellow
fever, Japanese encephalitis and others (Tangena ., 2016;
Brustolin ., 2017). Mosquitoes are major disease vectors as
well as nuisance insects, and therefore are relevant to control
programs in Egypt. Among these mosquito species,

( ) complex has been reported as the major
vector of bancroftian filariasis (Southgate, 1979) and viral
diseases in Egypt (Korte ., 2013; Al-Mekhlafi ., 2017).

is common and widely distributed species across the
Egypt (Cabrerizo Ballesteros ., 2006).

Insects may survive the impact of toxic chemical
compounds by different techniques including detoxifying enzyme
production and target site sensitivity. Mosquitoe fat body is
performed by cells to the body wall of thorax and abdomen,
prolongating itself in the body cavity and besetment specific
organs (David ., 2016; Chang ., 2017). All carbohydrates
and lipids found in the adult originated from the stored energy
gained over the stage of larvae (Mitchell ., 2015). (Huang

., 2014; Rozsypal ., 2014; Kim andAhn, 2017) declared that
avermectin could affect insect organs such as the fat body. For
example, avermectin could act on the cell membranes of fat body
of protein uptake, carbohydrate, and
inhibited lipid making with that these cytoplasmic inclusions
become minors. Insecticide resistance in all insects are variations
in changes in the rate or the target site at which the insecticide is
detoxified (Raymond ., 2001; Kim andAhn, 2017).

Recently, monooxygenases, S- transferases, glutathione
and esterases are recognized to be interested in the
detoxification groups of insecticides (Labbe ., 2007; Hayat

., 2017). Physiological resistance to insecticides will be
increased by activity of these enzymes (Roberts andAndre, 1993;
Yadouleton ., 2010). Multifunction oxidases and esterases
are interested in the resistance to pyrethroids. Also acetylcholine
esterase, responsible for neurotransmitter degradation at the
cholinergic nerve synapse, is the target of both organophosphate
and carbamate insecticides (Mutero ., 1994). The resistance
is ma in ly ma in ta ined by reduced sens i t i v i t y in
acetylcholinesterase to insecticides (Djogbénou ., 2010).

There are no reports on the effect of hypochlorite
compounds on the activity/levels of enzymes and other
macromolecules in . Therefore, the present study was
planned to understand the biochemical effects of these
compounds on , when exposed to sublethal
concentration levels, which usually occur after field application of
the compounds. Chlorinated lime has been largely used for the
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In control mosquito larvae, the peritrophic membrane
was always present forming endo- and ecto-peritrophic spaces,
the mid gut exemplifies a single epithelium columnar cells with
evident striated border (Fig. 1A). The treatment of
larvae with sub lethal concentrations of sodium and calcium
hypochlorite led to degeneration of cell structure of alimentary
canal. In larvae treated with sub lethal concentrations of calcium
and sodium hypochlorite, the mid gut cells appeared thinner and
flattened with disappearance of the peritrophic matrix (Fig. 1B).

Control larvae showed well developed visceral and
peripheral fat body cells with cytoplasm presenting considerable
granulation following the standard patterns of other insects (Fig.
1A). However, larvae treated with sub lethal concentrations of
hypochlorite showed reduced fat body (Fig. 1B). In the treated
larvae, muscle change was also evident. In addition, the cuticle of
body wall was thinner than that of control mosquitoes with
attenuated hypodermal cells (Fig. 1C). In control larvae, the
malpighian tubules were formed by cells with evident spherical
nucleus and excretory products in the lumen (Fig. 1D). In larvae
exposed to sub lethal concentrations of hypochlorite
accumulation of any substances in its lumen was not observed,
which was narrower than that of the control larvae (Fig. 1E).
Hence, the treated larvae showed reduced fat body, muscle and
malpighian changes. A survey of literatures failed to reveal
studies in which the morphological and histological effects of
hypochlorite compounds were elucidated. However, (Pu .,
2010; Ferreira ., 2017) data of the histological studies
suggested that the reduced fat body tissues may be responsible
for the drastic changes observed in the biochemical profiling of
hypochlorite treated larvae.

Biochemical parameters of
larval instars were assessed after exposure to 1/10 LC and LC
of sodium and calcium hypochlorite. In the present study, it is
clear that hypochlorite compounds showed toxic effect on larval
metabolic pathways. The two hypochlorite were selected
because of their relatively high potency against mosquito larvae.

Table 1 shows the mean total body
protein contents of different larval instars of exposed to
sub lethal concentrations of sodium and calcium hypochlorite. In
general, the total body protein of all larval instars increased after
treatment with sub lethal concentrations of both sodium and
calcium hypochlorite as compared with control. The total body
protein content values of control 1 , 2nd, 3 and 4 larval instars
are shown in Fig. 2A. Treatment of larvae with 1/10 LC of sodium
hypochlorite significantly increased the total body protein
contents as compared with control values. Similarly, larvae
treated with sub lethal concentrations of sodium hypochlorite, the
total body protein content values were significantly higher than
those of the control. A similar trend was also observed when
larvae were exposed to sub lethal concentrations of calcium
hypochlorite. The total body protein content values of 1 , 2  , 3
and 4 larval instars treated with 1/10 LC of calcium hypochlorite

C. pipiens

et al
et al
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C. pipiens

Biochemical studies :

Total protein content :

50 50

50
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Determination of total body protein content :

Determination of total body carbohydrate content :

Determination of total body lipid content :

Determination of acetylcholinesterase activity :

Statistical analysis :

Results and Discussion

The method
described by (Lowry ., 1951) was conducted to measure the
total body protein content the intensity of the blue color resulted
from reaction with Folin reagent was measured photometrically at
520 nm. The concentration of protein was calculated using the
following equation :

The colour
reaction given by anthrone reagent was used for determination of
total carbohydrate contents of mosquito larvae by
spectrophotometric method (Singh and Sinha, 1977). The
concentration of the carbohydrates (mg/ml) was plotted against the
corresponding absorbance to draw the standard calibration curve,
which was used further for carbohydrate determination in the
mosquito homogenateandexpressedas mgcarbohydrates / larva.

The total lipid
content of larvae was determined using the method described by
(Frings et al., 1972). The absorbance was measured at 540 nm;
the concentration of the total lipids was estimated by the following
equation;

The activity of
acetylcholinesterase in insect supernatant was determined
following the method described by Ellman . (1961) using
acetylthiocholine as a substrate. Measurements were conducted
at a wavelength of 412 nm. The activity of acetylcholinesterase
(AChE) was calculated by the following equation;

Results were presented as mean ±
standard deviation (SD) from six readings. The statistical
analyses were carried out using SAS 6.2. Data obtained were
analysed statistically to determine the degree of significance
between treatments using one-way analysis of variance
(ANOVA). Additionally, the LSD test was used to determine
treatment differences comparing with the corresponding control

at probability level ( ) 0.01.

Histological changes induced by exposure of C. pipiens
larvae to sub lethal concentrations of sodium and calcium
hypochlorite.

et al

et al

P ≤

ATest

X       mg per larva
AStandard

Total lipid contents =

ATest

X     mg per larva
AStandard

Total protein contents =

ATest
1

μmol SH      X μmol SH
AStandard 30(min)

AChE activity =

=   mol SH per min per larvaμ
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alteration in protein concentration (Neoliya ., 2007). The
increase in protein content might also be due to formation of
lipoprotein, which can be used to repair damaged cells and tissue
organelles. In the present study, histological examination of
larvae exposed to sub lethal concentrations of both hypochlorite
revealed considerable damage in the muscles and mid gut cells.
However, no published data are available on the effect of
hypochlorite compounds on the biochemical activity of larval

et alwere significantly higher than that of control (Fig. 2B). Similarly,
treatment of larvae with LC of calcium hypochlorite induced
significant increase in the total body protein contents as
compared with control.

The increase in protein content may indicate a
physiological adaptation to compensate the insecticidal stress.
Hemolymph volume changes under insecticide stress resulting in

50

Fig. 1 : Cross section through 4 instar larva : (A) In control larvae showing the mid gut with single columnar epithelial cells (Ep), the peritrophic
membrane (Pm), and developed peripheral fat body layer (F); (B) Larvae exposed to LC calcium hypochlorite. Notice degeneration of the mid gut cells
which appear thinner and flattened (Ep), distortion of the peritrophic membrane (Pm), and disappearance of the fat body (F); (C) Larvae exposed to LC
calcium hypochlorite. Note the distortion of the integument (Int) and reduced fat body layer (F); ( D) Control larvae showing mid gut with single columnar
epithelial cells (Ep), the peritrophic membrane (Pm), food mass, (Fm), Malpighian tubules (Mal) with spherical nucleus and excretory products in the lumen
and (E)Larvaeexposed toLC calcium hypochlorite.Notice that theaccumulationof substances inMalpighian tubules lumen (Mal)was notobserved
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compared with the control values (Fig. 2C). A similar trend was
detected when larvae were treated with 1/10 LC of calcium
hypochlorite where total body carbohydrate contents significantly
decreased in 1 , 2 , 3 and 4 larval instars as compared with the
control values. Contrarily, when larvae were treated with LC of
calcium hypochlorite, the total body carbohydrate content values
significantly increased for 1 , 2 , 3 and 4 larval instars as
compared with the control values (Fig. 2D).

In that context, mobilization of metabolic reserves in
insects respond strikingly to the physiological conditions such as
infection, starvation and insecticides (Nowosielski and Patton,
1965; Bitondi and Simoes, 1994; Lorenzon ., 2004). The
haemolymph trehalose levels respond strikingly to the nutritional
state (Hansen, 1964; Simpson ., 2002; Oonincx and Van der
Poel, 2011), larval instars (Howden and Kilby, 1960; Kanost .,
2004), and to metabolic process (Nowosielski and Patton, 1964).
Downer, (1979) and Lee and Park (2004) reported that under stress
due to disease or other cause, insects hyperglycaemia and
hypertrehalosemia in their haemolymph. Similar findings were
observed in the present study when larvae exposed to
hypochlorite compounds at low sub lethal concentration (LC ).
Such stress might have triggered the biochemical changes such as
glycogenlysis of fat body leading to the increased sugar content

50

50

50

st nd rd th

st nd rd th

et al

et al
et al

C. pipiens

mosquito for comparison purposes. The observed increase in
total body protein content of mosquito larvae treated with
hypochlorite compounds was quantitatively different to observe
the effect of other insecticide group treatments in insects. Jin-
Clark . (2008) found that using metachlor at 1000 μgl
inhibited protein synthesis in the midge . In
addition, Sak . (2006) revealed that the larvae of

had lowest level of protein following treatment with 20
ppm cypermethrin. Also, azadirachtin is known to reduce protein
concentration in insects (Arrese ., 2001; Tufail and Takeda,
2008; Kerkut, 2013).

Table 2 shows the total body
carbohydrate contents of different larval instars of
exposed to 1/10 LC and LC of sodium and calcium
hypochlorite. The total body carbohydrate contents of all larval
instars significantly increased following treatment with LC .
However, treatment of larvae with 1/10 LC significantly
reduced the total carbohydrate content as compared with
control. In addition, treatment of larvae with 1/10 LC of sodium
hypochlorite significantly decreased the total carbohydrate
contents as compared with the control. On the other hand,
treatment of larvae with LC of sodium hypochlorite
significantly increased the total body carbohydrate contents as

et al
Chironomus tentans

et al Pimpla
turionellae

et al

C. pipiens

-1

Total carbohydrate content :

50 50

50

50

50

50

Total body protein contents of larvae

Larval

instars Sodium hypochlorite Calcium hypochlorite

1/10 LC LC 1/10 LC LC

Control

50 50 50 50

1 6.67±0.59 16.89±1.31* 23.389±0.31* 14.82±0.5* 22.31±0.75*
2 16.99±0.55 23.78±0.38* 24.38±0.36* 19.99±0.41* 23.81±0.39*
3 21.57±0.17 25.62±0.29* 27.96±0.55* 24.77±0.44* 25.73±0.48*
4 22.86±0.43 28.09±0.31* 35.15±1.81* 28.25±0.26* 32.21±0.37*

Values are mean of six replicates ± SD; * Significant at P 0.001 using multi-way analysis of variance (ANOVA)

st

nd

rd

th

≤

Total body protein contents of larvae

Larval

instars Sodium hypochlorite Calcium hypochlorite

1/10 LC LC 1/10 LC LC

Control

50 50 5050

1 2.28±0.13 1.60±0.07* 2.61±0.11* 1.90±0.13* 2.53±0.15*
2 6.71±0.77 5.74±0.32* 12.28±0.81* 4.56±0.14* 11.14±0.80*
3 11.64±0.95 9.15±0.81* 18.14±0.78* 7.71±0.86* 13.74±0.38*
4 26.86±0.89 25.34±2.14* 29.54±4.91* 26.16±0.99* 32.6±5.25*

* Significant at P 0.001 using multi-way analysis of variance (ANOVA)

st

nd

rd

th

Values are mean of six replicates ± SD; ≤

Table 2 : Total body carbohydrate contents of different larval instars exposed to 1/10 LC   and LC   of sodium and calcium hypochloriteC. pipiens 50 50
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dimilin, malathion and cypermethrin on the total contents of
carbohydrates in the 5 larval instar and adult stage of the lesser
cotton leaf worms treated as 4 instar larvae.
The authors came to a conclusion that the percentage decreased
in the total carbohydrate contents of tested larvae, and adults of
both sexes were dose-dependent. In another study Omar .
(2005) recorded a general decrease in the amount of
carbohydrates in Dipel and 2X-treated larvae.
In addition, Senthilkumar . (2009) found that

(Liston) larvae treated with eleven commonly available
medicinal plants showed decreased level of carbohydrates.

Table 3 shows total lipid contents of four
larval instars of exposed to 1/10 LC and LC of
sodium and calcium hypochlorite. Generally, treatment of
larvae with sub lethal concentrations of both hypochlorite

th

th
Spodoptera exigua

et al

Galleria mellonella
et al Anopheles

stephensi

C. pipiens
Total lipid content :

50 50

(hyperglycaemia). On the other hand, the decreased carbohydrate
content of larvae at 1/10 LC of hypochlorite could be
correlated to the antifeedant properties of the compounds which led
to starvation under such situations, more sugars might be
metabolised to meet theenergy expenses of starved larvae.

There are no previous relevant data in literatures to
compare sub lethal effects of hypochlorite compounds on larval
mosquito biochemical profiling of primary metabolites. However,
(Singh, 1986; Isabel ., 2005) found that bioremethrin
treatment of the locust, , results in depletion of
carbohydrates (hypoglycaemia); and suggested that the
depletion of haemolymph carbohydrates might be attributed to
the increased utilization in response to the hyper activity caused
by the insecticide treatment. Similarly, (Faheem and Khan, 2010;
Rashwan, 2013) examined the effects of LD  , LD and LD of

C. pipiens

et al
Locusta migratoria

50

50 70 90

B

D

Fig. 2 : Total body protein content of four larval instars exposed to 1/10 LC and LC of sodium hypochlorite and calcium hypochlorite (A,B);
Total body carbohydrate content (C,D) exposed to 1/10 LC and LC of calcium hypochlorite

C. pipiens 50 50

50 50of four larval instars sodium hypochlorite andC. pipiens
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induced by the hypochlorite compounds, extended larval period
of treated insects, blocked food ingestion and the fat reserves
might have been utilized for energy generation during the
extended larval periods and interference of hypochlorite with the
adipokinetic hormone that control lipid synthesis leading to
reduced lipid profiles. In this sense, hypochlorite compounds can
be classified with those chemicals that are known to inhibit energy
production in insects. Similar poisoning syndrome of insecticides
on lipid content of insects has been reported in several insects.
Senthilkumar . (2009) found that larvae
treated with medicinal plant extracts showed decreased level of
lipids. In addition, Lohar and Wright (1993) verified lipid depletion
in haemolymph, fat body and oocytes in exposed
to parathion. They suggested that depletion of lipid might result
from the effect of parathion on the adipokinetic hormone that
controls lipid metabolism. Similarly, the total lipid contents

et al Anopheles stephensi

Tenebrio molito

induced significant reduction in total lipid contents as compared
to control. Treatment of larvae with 1/10 LC of sodium
hypochlorite significantly decreased the total lipid contents of
1 , 2 , 3 and 4 larval instars as compared with control.
Meanwhile, when larvae were treated with LC of sodium
hypochlorite, the values of total body lipid contents significantly
decreased for 1 , 2 , 3 and 4 larval instars as compared with
the control values (Fig. 2E).

Similarly, when the larvae were treated with 1/10 LC of
calcium hypochlorite, the total body lipid contents significantly
decreased as compared with the control. In addition, when the
larvae were treated with LC of calcium hypochlorite the values
significantly decreased as compared with the control (Fig. 2F).
This might be attributed to the physiological stress conditions
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Fig. 2 : Total body lipid contents (E, F) and Acetylcholinesterase activity (G, H) of four larval instars exposed to 1/10 LC and LC of sodium
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Total body lipid contents

Larval

instars Sodium hypochlorite Calcium hypochlorite

1/10 LC LC 1/10 LC LC

Control

50 50 5050

1 0.32±0.08 0.24±0.08* 0.13±0.06* 0.25±0.03* 0.15±0.004*
2 0.45±0.14 0.18±0.05* 0.18±0.05* 0.28±0.07* 0.16±0.02*
3 0.66±0.07 0.35±0.08* 0.25±0.07* 0.28±0.08* 0.21±0.05*
4 0.80±0.10 0.30±0.07* 0.24±0.07* 0.48±0.07* 0.33±0.10*

*Significant at P 0.001 using multi-way analysis of variance (ANOVA)

st

nd

rd

th

Values are mean of six replicates ± SD; ≤

Enzyme activity

Larval

instars Sodium hypochlorite Calcium hypochlorite

1/10 LC LC 1/10 LC LC

Control

50 50 5050

1 0.42±0.03 0.24±0.04* 0.33±0.06* 0.39±0.03 0.41±0.02
2 0.55±0.05 0.44±0.03* 0.44±0.06* 0.46±0.04* 0.54±0.05*
3 0.63±0.06 0.65±0.02 0.69±0.07* 0.66±0.07 0.69±0.08*
4 0.77±0.11 1.05±0.11* 1.18±0.04* 0.81±0.08* 0.874±0.1*

*Significant at P 0.01, in insignificant using multi-way analysis of variance (ANOVA)

st in

nd

rd in

th

in

in

Values are mean of six replicates ± SD; ≤

Table 3 : Total body lipid contents of larval instars exposed to 1/10 LC   and LC   of sodium and calcium hypochloriteC. pipiens 50 50

Table 4 : Effect of 1/10 LC   and LC   of sodium and calcium hypochlorite on the activities of acetylcholinesterase (50 50 μmol SH per min per larva) in the
four developmental stages of C. pipiens

decreased in . var. treated
larvae (Omar ., 2005). Sub lethal doses of

crpermethrin decreased the level of lipids in all stages and sexes
of wasp (L.) compared to control (Sak .,
2006). The bioinsecticide, Dipel 2X, significantly decreased the
total lipid content in (Abuldahab ., 2011).

Table 4 shows the
acetylcholinesterase activity of different larval instars of
exposed to 1/10 LC and LC of sodium and calcium hypochlorite. In
general, the acetylcholinesterase activity significantly decreased in
the treated first and second larval instars. Meanwhile a significant
increase in enzyme activity was observed in the treated third and
fourth larval instars as compared with the control.

The acetylcholinesterase activities of larvae treated with
1/10 LC of sodium hypochlorite showed a significant decrease in
1 and 2 larval instars. On the other hand, significant increase in
enzyme activity was observed in treated 3 and 4 larval instars
as compared with the control. A similar trend was observed when
the larvae were treated with LC of sodium hypochlorite. The
acetylcholinesterase enzyme activity significantly decreased in
1 and 2 larval as compared with the control enzyme activity.
Meanwhile significant increase of enzyme activities was detected
in 3 and 4 larval instars compared with the control (Fig. 2G).

Bacillust huriengensis kurstaki- Galleria
mellonella et al

Pimpla turionellae et al

Spodoptera littoralis et al

C. pipiens
Acetylcholinesterase activity :

50

50

50

50

st nd

rd th

st nd

rd th

Similarly, larvae exposed to 1/10 LC of calcium hypochlorite
showed significant decrease in acetylcholinesterase activity for
1 and 2 larval instars, while a significant increase in enzyme
activity was detected for 3 and 4 larval as compared with the
control. Meanwhile, the enzyme significantly decreased in
1 and 2 larval instars when larvae were treated with LC of
calcium hypochlorite, while a significant increase in enzyme
activity was observed in 3 and 4 larval instars as compared with
the control (Fig. 2H).

Mosquito monitoring is facing many important and
timely stump because of the rapid development of pesticide
resistance and ecological troubles. Botanical extracts are
used as mosquitocidal and may offer effective and eco-
friendly tools against Culicidae vectors recently. Balakrishnan

. (2017) reported that the separated actinobacteria were
investigated as larvicidal against and

mosquitoes, while Zhang . (2017)
found that showed activity against
mosquito larvae. Treatment of larvae with sub
lethal concentrations of hypochlorite resulted in degeneration
of cell structure of the alimentary canal. This new insecticide
is suggested as a useful addition to the rather dwindling
arsenal of mosquito control in Egypt. However, further
investigations, especially field studies, on non-target aquatic

50

50

st nd

rd th

st nd

rd th

activity

et al
Aedes aegypti

Anopheles stephensi et al
Bacillus thuringiensis

C. pipiens
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organisms are needed to further confirm the target and non-
target effects of insecticides.

Authors are grateful to the Director and staff of Zoology
Department, Faculty of Science, Tanta University. In particular,
we thank Dr. Wesam S Meshrif, Dr. Samar E Elkholy and Dr. Iman
M. El-Husseiny of the Entomology Unit for their help and support
during the study.
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