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  Culex pipiens is a major mosquito in different areas; it is in 

charge of transmitting several serious diseases. Several essential oils 

showed larvicidal activity against Culex pipiens, the present work aims 

to clarify the alterations in the biochemical profile of Culex pipiens third 

instar larvae induced by exposure to the nanoemulsion containing 

Pimpinella anisum essential oil.The formulated nanoemulsion was 

characterized by dynamic light scattering and the stability of 

nanoemulsion was evaluated. Furthermore, biochemical analysis was 

performed to examine the impact of median lethal concentration of the 

nanoemulsion on the biochemical profile of larvae. 

The results of this research revealed that treatment caused 

alterations in some metabolites and digestive enzymes of the larvae; it 

induced significant increase in total carbohydrate amount and elevated 

the amylase activity significantly. While, there was slight increase in the 

total protein amount and slight elevation in the level of protease activity.  

Therefore, this study suggests that the use of nanoinsecticides 

containing Pimpinella anisum essential oil can be effective for 

controlling the disease vector Culex pipiens. 
 

INTRODUCTION 

   Mosquitoes are annoying insects that transmit serious diseases to humans, Culex 

pipiens is a worldwide mosquito species with great importance. In Egypt, Culex pipiens is 

broadly distributed and recorded in all governorates (Abdel-Shafi et al., 2016), Female Culex 

pipiens is consider the principle vector of western Nile virus and rift valley fever virus (Salamah 

et al., 2016; El-Naggar et al., 2017; El-Zayyat et al., 2017).  

                Due to the easy handling, larvae are generally targeted by chemical insecticides for 

control. However, the chemical control has to be replaced due to the resistance development to 

the chemical insecticides and their dangerous side effects on the non-target organisms (Bream 

et al., 2018). Therefore, researchers pay attention the natural plants to provide alternative 

elements which have bioactive efficiency to be used as potential insecticides to avoid the 

harmful effect of the synthetic insecticides on the environment (Naqqash et al., 2016). 
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Therefore, the use bioinsecticides 

are considered as a promising affordable 

eco-friendly measure to control insects that 

transmit diseases (Azmy, 2024). Botanical 

insecticides containing active 

phytochemicals provide effective 

alternatives to synthetic insecticides 

because of their low pollution, less toxicity, 

high selectivity, less effect on non-target 

living organisms, easy degradation, less 

residues, and minimal resistance because of 

their novel modes of action against insects.  

Moreover, development of new 

formulations of botanical essential oils with 

the help of nanotechnology is under focus to 

enhance their biological activity of essential 

oils and handle their volatile nature and 

insolubility to be use applied properly in 

water where the larvae live. Through 

research for local plants in Egypt, 

nanoemulsion encapsulating anise essential 

oil was considered as efficient insecticide, 

with proven larvicidal activity against 

Culex pipiens (Abdel-Nasser et al., 2024a; 

Azmy et al., 2019).  

The biochemical parameters are 

crucial in evaluating the toxicological effect 

of nanoinsecticides on the insects. An 

understanding of the biochemical changes 

in insect pests in response to botanical 

products, such as anise essential oil, plays a 

key role in management.  Therefore, the 

objective of this research was to evaluate 

the biochemical impact of the anise 

essential oil on Culex pipiens through 

applying the median lethal concentration of 

the tested botanical nanoinsecticide on third 

instar larvae of Culex pipiens. The data 

obtained from this study may enhance the 

knowledge on how to improve botanical 

products for vector control management. 

MATERIALS AND METHODS 

Extraction of the Essential Oil and 

Preparation of  Nanoemulsion:  

 Extraction of the oil from seeds of 

Pimpinella anisum was done via distillation 

for two hours. The emulsion was prepared 

using tween 20 as a surfactant and distilled 

water according to Duarte (2015). Then, the 

emulsion subjected to a sonicator with 30 

kHz frequency for 20 min. 

Larvae: 

Larvae were subjected for 24 hours 

to the LC50 concentration of the 

nanoemulsion of Pimpinella anisum L. 

essential oil which was determined by 

Abdel-Nasser et al., 2023, then survived 

and control larvae were examined.  

Preparation of Larvae: 
            The preparation of the larval 

specimens followed Amin, 1998. The 

larvae were homogenized in distilled water 

(50 mg /1 ml), homogenate was centrifuged 

at 2ºC and 8000 r.p.m for 15min and the 

supernatants was extracted as it is 

considered to be enzyme extract. 

Biochemistry Tests: 

             Evaluation of the biochemical 

contents was carried out in Institute of plant 

protection, Dokki, Cairo, Egypt. Chemicals 

were purchased from local Egyptian 

companies. Double beam ultraviolet / 

visible spectrophotometer was used to 

measure of colored materials absorbance.  

Total Proteins Estimation: 

            The amount of total proteins were 

estimated according to Bradford (I976), 

Coomassie Brilliant blue (100mg) was 

dissolved in 50ml ethanol (95%), then 

100ml of phosphoric acid (85%) added and 

then dilution of the solution to 1 liter a final 

volume.  

            Sample solution (50µl) was added 

into test tubes to prepare the standard curve 

of serial concentrations of the bovine serum 

albumin (10 to 100µg). The volume was 

adjusted to be 1ml with phosphate buffer 

(0.1M, pH 6.6). Protein reagent (5ml) was 

pipetted into the test tube and then the 

contents were mixed. The absorbance was 

measured at 595 nm after 4min against 

blank. 

Determination of Total Carbohydrates:  

               Total carbohydrates were 

extracted according to Crompton and Birt 

(1967), sample (1gm) was homogenized in 

5ml of HClO4 (0.3N) at 0˚C for 1min. The 

homogenate then was kept for 10min in ice. 
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Insoluble matter was isolated by 

centrifugation at 2000r.p.m for 3min, 

washed twice in five ml of ice-cold HClO4, 

the supernatant combined into acid extract. 

              Total carbohydrates were 

estimated according to Dubois et al. (1956) 

via the reaction of phenol-sulphuric acid. 

The acid extract of the sample (100μl) was 

added into a colorimetric tube to 0.5ml 

phenol (20% w/v). Then the sulfuric acid 

(5ml) was added quickly with shaking. The 

tubes were left to stand for 10min, and then 

shaken and stand for 15min in water bath at 

30˚C before reading. Blank was prepared by 

substitution of the sugar solution with 

distilled water. The characteristic yellow–

orange color absorbance was measured at 

490nm against blank. Total carbohydrate 

was stated in µg glucose/gm fresh weight.  

Estimation of Protease Activity:  

                Protease activity was measured 

with modifications of Tatchell et al., (1972) 

method through measurement of the 

increase in free amino acids split from 

albumin substrate during incubation for 1h 

at 300°C.  The reaction mixture consisted of 

larvae homogenate (100μl) and 1 ml of 

phosphate buffer (0.1 M, pH 8) and 100 μl 

of bovine serum albumin (0.5 %). The 

reaction was ended by adding 1.2ml of 

trichloro-acetic acid (20%). The mixture 

was centrifuged for 20 min at 3000 r.p.m 

after standing for 15 min.; the supernatant 

was used to measure the quantity of the 

produced amino acids. Amino acids were 

assayed colorimetric-ally by ninhydrin 

reagent. The reaction mixture consisted of 

supernatant (100ml) and ninhydrincitrate 

(1.9 ml, pH 5.5), 0.2 ml of citrate buffer (0.5 

M, pH 5.5) and 1.2 ml glycerol. The mixture 

was heated by water bath for 10min and 

then cooled using tap water. The resulted 

color was read at 570nm. Zero adjustment 

was against the blank containing the same 

contents with 100ml water instead of 

supernatant. D, L alanine was the standard 

and the amino acids were stated as μg 

alanine /min/g.b.wt. 

Estimation of Amylase Activity:  

                Amylase activity was estimated 

according to Amin (1998) with 

modifications. Enzyme solution (20 µl) 

with 250µl starch (1%) in 50mM acetate 

buffer (pH 5.0) containing CaCl2 (0.1mM) 

and NaCl (20mM) were incubated for 

10min at 30˚C. The reaction was ended by 

adding DNS reagent (250µl) to each tube in 

water bath for 5min. The samples were then 

cooled and diluted with water (2.5ml) and 

read at 550nm, glucose was the standard. 

Dilutions of enzyme supernatant were used 

to achieve a linear production of glucose 

equivalents. Amylase activity was 

estimated for each test from triplicates of 

larval specimens. The enzyme activity was 

stated as µg glucose/min/gm fresh weight. 

Statistics: 

                  The statistical analysis was done 

in triplicates; the data were analyzed using 

one way analysis of variance test (ANOVA) 

using software of costat statistical. When 

the statistics were significant (P <0.01), 

means were compared by the test of 

Duncan’s multiple range. 

RESULTS 

Characterization and Stability of The 

Formulated Nanoemulsion: 

               The droplet size distribution of the 

prepared nanoemulsion of Pimpinella 

anisum showed that the peak value was 227 

nm as shown in Figure 1 and the 

measurement of the polydispersity index 

was 0.27. After, centrifugation at 10,000 

rpm for 20 min and storage at 4 ºC for a 

month, no sign of instability of the prepared 

nanoemulsion was observed, such phase 

separation.  

 

 



Eman Abdel-Nasser et al. 

```` 

58 

 

Fig. 1:  The nanoemulsion droplet size distribution with the peak at 227nm. 

 

Effect of the Nanoemulsion on Total 

Carbohydrate of Culex pipiens Larvae: 

               The results of this research 

revealed a significant difference in the 

amount of total carbohydrates in treated and 

control larvae. The results showed that the 

total carbohydrates increased significantly 

from 15.5 to 20.1 mg /g.b.wt after the 

treatment with the nanoemulsion of 

Pimpinella anisum (Table 1) with 

percentage change 29.6% (Fig.2). 

Effect of Nanoemulsion on Total Protein 

of Culex pipiens Larvae: 

               The results revealed no significant 

difference in the amount of total proteins 

between treated and control larvae. The 

obtained data showed that the total proteins 

increased slightly from 23.1 to 26.7 mg 

/g.b.wt after the treatment with the 

nanoemulsion of  Pimpinella anisum 

(Table 1) with percentage change 15% 

(Fig. 2). 

 
Table 1. Effect of LC50 of nanoemulsion of Pimpinella anisum essential oil on total 

carbohydrates and proteins of Culex pipiens larvae 
 Total carbohydrates ( mg /g.b.wt) 

Sample R1 R2 R3 Mean ± SD Change % 

Control 14.1 16 16.3 15.5±1.2 a --------------- 

Treated 20.8 19 20.5 20.1±0.97b +29.6 

 Total proteins ( mg/g.b.wt) 

Sample R1 R2 R3 Mean ± SD Change % 

Control 22 23.5 23.8 23.1±0.96a ---------- 

Treated 27 28.1 25 26.7±1.57a +15 
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Fig.2: Effect of the nanoemulsion of Pimpinella anisum essential oil on Culex pipiens larvae 

showing a significant increase in the total carbohydrates and slight increase in the total proteins 

after 24 hrs of treatment. 

 

Effect of Nanoemulsion of Pimpinella 

anisum Essential Oil on Amylase Activity 

of Culex pipiens Larvae: 

               The acquired data revealed a 

significant difference in the amylase 

activity in control and treated larvae. The 

results showed that amylase activity 

increased significantly from 37.9 to 59.5 μg 

glucose/min/g.b.wt after the treatment with 

the nanoemulsion of Pimpinella anisum for 

24 hrs (Table 2) with percentage change 

57% (Fig.3). 

Effect of Nanoemulsion of Pimpinella 

anisum Essential Oil on Protease Activity 

of Culex pipiens Larvae: 

                The data revealed no significant 

difference in the activity of protease in 

control and treated larvae. Results showed 

that the protease activity increased slightly 

due to the treatment with the nanoemulsion 

of Pimpinella anisum (Table 2) with 

percentage change 28.7% (Fig.3). 

 

Table 2. Effect of LC50 of nanoemulsion of Pimpinella anisum essential oil on total amylase 

and protease activity of the Culex pipiens larvae. 

 Amylase (μg glucose/min/g.b.wt) 

Sample R1 R2 R3 Mean ± SD Change % 

Control 39.2 41 33.5   37.9±3.9a --------------- 

Treated 55.2 61 62.2    59.5±20.6b +57 

 Proteases ( μg alanine/min/g.b.wt) 

Sample R1 R2 R3 Mean ± SD Change % 

Control 120 131 143 131.3±11.6a ---------- 

Treated 160 165 182 169±11.5a +28.7 
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Fig.3: Effect of the nanoemulsion of Pimpinella anisum essential oil on Culex pipiens larvae 

showing a significant increase in the amylase activity and no slight increase in the activity of 

protease after 24 hrs of treatment. 

 

DISCUSSION 

              Essential oils provide affordable 

efficient alternatives for insect pest control, 

with no harm to the environment. Essential 

oils contain different bioactive compounds 

which can be used as larvicides against 

mosquitoes (Shaalan et al., 2005; Azmy, 

2021). However, these compounds are 

volatile with short lasting effect. Therefore, 

they should be formulated to be used 

properly as larvicides, nanotechnology 

improve solubility of essential oils in water 

and increase their efficacy as larvicides. The 

new field of nano-scale insecticides 

applications was studied by several authors 

(Azmy et al., 2021a) against mosquitoes. 

              Studying the mode of action of 

nanoemulsion would allow better 

understanding of the biological impacts of 

these new formulations in the field of vector 

control. Any insecticide has a negative 

impact on the growth and metabolic process 

of the insect. The exposure of the insect to a 

toxic substance can alter and disturb the 

main metabolites such as total protein, 

carbohydrate in the whole body of the larva. 

               The results of this study showed 

that the median lethal concentration of 

nanoemulsion of Pimpinella anisum 

essential oil affected the biochemical 

metabolites of the treated larvae, causing a 

significant increase in the total 

carbohydrate in the body of the larva. 

The increase in total carbohydrates may be 

due to the insecticidal stress induced by the 

nanoemulsion, this stress might induce 

glycogenolysis process leading to 

hyperglycaemia. The results of the current 

research agree with Nath et al., 1997 who 

reported increase in level of glucose in 

Bombyx mori due to stress of sub lethal 

doses fenitrothion and fenthion.  

              Moreover, Shekari et al., 2008 

reported that carbohydrate quantity 

increased when Chrysoperea carnea last 

instar larvae were exposed to Manduca and 

Pungam oil. In addition, the glucose level in 

Xanthogaleruca luteola larvae was elevated 

after treatment with methanolic extract of 

Artemisia annua.    

               In fact, carbohydrates are key 

energy elements in the larvae; the glycogen 

level in tissues is related to diverse 
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physiological events as the feeding and 

movement.  Furthermore, it was noted in 

our previous study (Abdel-Nasser et al., 

2024b) that the alimentary canal of Culex 

pipiens larvae was damaged due to 

treatment with the nanoemulsion of 

Pimpinella anisum essential oil.  The 

increase of carbohydrate level may be due 

to disability of the larvae to assimilate the 

food may cause as suggested by Sharma et 

al., 2011. 

               In addition, the outcomes of the 

present research revealed that amylase was 

significantly activated in the treated larvae 

with median lethal concentration of 

nanoemulsion of the Pimpinella anisum 

compared to the control larvae. The increase 

of amylase is in agree with the results of Ali 

et al., 2023 who stated that the median 

lethal concentration of the extract of 

Balanites aegyptiaca tested on Culex 

pipiens induced an increase in amylase. 

              The results of the current research 

revealed that total protein level of the 

treated larvae was slightly increased due to 

the treatment with the median lethal 

concentration of nanoemulsion of the 

Pimpinella anisum essential oil. The 

increase in protein profiles reveals the 

physiological stress induced by the 

nanoemulsion.   

               Similar findings revealed an 

increase in protein content after the 

treatment of Culex pipiens larvae by Borago 

officinalis ethanolic extraction as a result of 

the increasing detoxification enzymes 

activity (Draouet et al., 2020). 

               The increase in protein level may 

be due to interference of the nanoemulsion 

with the hormones which regulate protein 

synthesis. Rao et al., 1986 reported the 

disturbance in the hormones which regulate 

protein synthesis in Schistocerca gregaria 

due to azadirachtin, the interruption of 

hormones responsible for protein synthesis 

may resulted in the increase of protein.  

                Protein is a structural element 

inside the cell and plays an important role in 

metamorphosis step, chitin manufacturing 

and formation of cuticle. The change in 

protein content is probably due to 

insecticidal interference of the extract with 

the hormones regulating protein synthesis 

(Ali et al., 2023). 

                On the other hand, the protease 

activity was slightly increased in the larvae 

as a result of treatment with the median 

lethal concentration of nanoemulsion of 

Pimpinella anisum essential oil; protease is 

the major hydrolytic enzyme that breaks 

down the proteins of the blood in the mid-

gut of the mosquito (Mahmoud et al., 2022). 

It is noticed that, the slight increase of the 

protease was relative to the increase of the 

total protein content. The biochemical 

alterations as a result of intracellular 

penetration, cell membrane damage or 

oxidative stress, these effects may occur 

individually or combined with each other 

(Ragheb et al., 2020; Azmy, et al., 2021b). 

Based on the findings of the current 

research, it can be concluded that the 

nanoemulsion of Pimpinella anisum has an 

impact on the physiological parameters of 

Culex pipiens larvae. Therefore, this 

nanoinsecticide can be used in control 

program against Culex pipiens according to 

its acute and chronic effects. 

                The results of the current study 

may help in reduction of synthetic 

insecticides application which in turn 

decreases the pollution of environment. 
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