
 

~ 55 ~ 

 

International Journal of Mosquito Research 2019; 6(1): 55-60

 
 
 
 
 
 
 
 
 
 
 

 

ISSN: 2348-5906 

CODEN: IJMRK2 

IJMR 2019; 6(1): 55-60 

© 2019 IJMR 

Received: 26-11-2018 

Accepted: 30-12-2018 

 

Abdul Aziz BM Barnawi 

Department of Biology Sciences, 

Faculty of Sciences, King 

Abdulaziz University, Jeddah, 

Saudi Arabia 

 

Somia E Sharawi 

Department of Biology Sciences, 

Faculty of Sciences, King 

Abdulaziz University, Jeddah, 

Saudi Arabia 

 

Jazem A Mahyoub 

(1). Department of Biology 

Sciences, Faculty of Sciences, 

King Abdulaziz University, 

Jeddah, Saudi Arabia 

(2). IBB University, Ibb, 

Republic of Yemen 

 

Khalid M Al-Ghamdi 

Department of Biology Sciences, 

Faculty of Sciences, King 

Abdulaziz University, Jeddah, 

Saudi Arabia 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Correspondence 

Abdul Aziz BM Barnawi 

Department of Biology Sciences, 

Faculty of Sciences, King 

Abdulaziz University, Jeddah, 

Saudi Arabia 

 

 

 

 

 
 

 
 

 
 

 

Larvicidal studies of Avicennia marina extracts 

against the dengue fever mosquito Aedes 

aegypti (Culicidae: Diptera) 

 
Abdul Aziz BM Barnawi, Somia E Sharawi, Jazem A Mahyoub and 

Khalid M Al-Ghamdi 

 
Abstract 
Aedes aegypti is one of the most important medical insect pest found in tropical and non-tropical areas of 

the world, and its relevance as a model system. This study was undertaken to evaluate the impact of 

different doses of extracted Avicennia marina and its silver nanoparticles against 4th instar of Ae. Aegypti 

as a source of green nano insecticides. A. marina were extracted and Ag nanoparticles (AgNPs) were 

prepared fabricated with A. marina. Our results showed that A. marina synthesized AgNPs showed high 

larvicidal toxicity against 4th instar larvae of mosquitoes than the extracts alone at 17.53 times. These 

results suggest that the synthesized AgNPs of A. marina have the potential to be used as a perfect non-

harmful synthesis compound for the control of the Ae. aegypti larvae. 
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1. Introduction 

Aedes aegypti (Diptera: Culicidae) is an annoying creature to the human being and cause more 

diseases than any other organisms such as Dengue, Zika, Chikungunya and yellow fever [1]. 

Yellow fever and Dengue which transmitted by mean Ae. aegypti mosquito is responsible for 

thousands of deaths annually [2, 3]. Another example of Ae. aegypti disease is Zika fever, which 
has been re-infected in various parts of the word and became a serious problem as a human 

pathogen [4]. There is an integrated approach to reduce densities of Ae. aegypti and its lethal 

effects under experimentally controlled field conditions [5]. One of the most important 

technique to control the insect vector is to prevent mosquitoes breeding by using insecticides 

which can affect different stages [4] and involved using classical chemical insecticides such as 

DDT, chlordane, benzene hexachloride and hexamethyl tetraphosphate [6]. However, with due 

respect to their effective control in the elimination of mosquitoes population, these classical 

chemical cause serious undesirable effects on human health and to the environment. Many 

researchers are developing new strategies to control and reduce the use of toxic products, and 

one of the alternatives is to use a botanical insecticide which is easy to isolate chemical 

compounds from the extracts besides, they are sustainable and less toxic than chemical 

insecticides to combat Ae. aegypti mosquitoes [6- 8], and some of them were selected to produce 

commercial pesticides [9].  

Mangroves (Avicennia marina) are marine woody plants [10], and it can produce lots of 

significant natural chemicals [11]. A. marina belong to the family Verbenaceae, and they 

contain abundant of chemical components [12], the barks, leaves, and fruits have been used as 

traditional medicine in Egypt to treat skin diseases [13, 14]. A. marina is known to be toxic to 

several organisms [15], but, their toxicity against mosquito is not completely understood.  

Based on the foregoing, the main objective of this study was to scientifically evaluate the 

mosquito larvicidal activity of A. marina extracts and its silver nanoparticles against Ae. 

Aegypti, the vector responsible for the spread of dengue fever in Saudi Arabia.  

 

2. Materials and Methods 

2.1 Mosquito larval Culture  

Ae. aegypti eggs were obtained in coordination with the Dengue Mosquito Experimental 
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Station (DMES), Department of Biological Sciences, King 

Abdulaziz University, Jeddah, Saudi Arabia, where a colony 

was established under laboratory conditions [16], In order to 

obtain a sufficient number of larvae to carry out experiments. 

 

2.2 Preparation of extracts 

A. marina leaves were collected from Salman Gulf (21.5218.3 

N, 38.5825.5 E) (Fig. 1) located on the Saudi Red Sea coast in 

Jeddah, Western Region, Kingdom of Saudi Arabia and 

classified by the Department of Marine Biology, King 

Abdulaziz University. Leaves were washed well and left at 

room temperature until completely dry, then they were ground 

with an electric grinder. The extraction was carried out using 

the Soxhlet Apparatus and the absolute ethyl alcohol was used 

as a solvent at 40 ° C. The extract was then concentrated 

using a rotary vacuum evaporator and kept in dark glass 

containers inside the refrigerator until the experiments were 

carried out. 

 

 
 

Fig 1: Sample collecting sites 

 

2.3 Preparation of standard solutions 

The standard solutions for testing were prepared by adding 1 

ml of A. marina extracts to 99 ml of deionized water and 0.5 

ml of Triton-X100 as an emulsifier to help mix the extract 

with water. 

 

2.4 Biosynthesis of silver nanoparticles (AgNPs) 

The silver nanoparticles were prepared by adding 1 ml of 

silver nitrate solution concentration of 100 micromolar, to 99 

ml of the standard solution A. marina extracts, which was 

prepared and left at room temperature until the color change 

to brown which indicates the formation of nanoparticles. 

 

2.4 Characterization of silver nanoparticles 

The absorbance spectra were measured for each silver nitrate 

solution extracted before and after the addition of silver 

nitrate and color appearance using the UV / Vis / NIR 

Spectrophotometer at a wavelength of 300-800 nanometers 

and one-nanometer brightness. The samples were then 

prepared for the tests by subjecting the silver nanoparticle 

solution to centrifugation at a rate of 7800 rpm for 30 min., 

the precipitate was then discarded. In order to determine the 

shape and size of particles, a quantity of dried precipitation 

was dissolved in ethanol alcohol and the suspension was 

placed for the ultrasonic bath (BRANSON 1510) for 30 min. 

A drop of suspension was placed on a carbon-covered copper 

grid and left to dry thoroughly and then scanned by scanning 

electron microscope (SEM) at an accelerating voltage of 90 

KV. 

In order to identify the effective functional groups of the 

extract, which is responsible for the reduction of silver nitrate 

into nanoparticles, the infrared spectroscopy Fourier 

transform infrared (FTIR) was used to conduct a scan of the 

extract before and after adding of silver nitrate within the 

range 600-4000 cm-1 at 16 times, and a clarity of 4 cm -1 by 

placing a small portion of the raw extract in the sample area, 

and followed the same method with the powdered silver 

particles already dried. 

 

2.5 Larval bioassay 

The sensitivity of Ae. aegypti larvae to A. marina extracts was 

estimated, as well as for prepared nanoparticles in laboratory 

conditions at 27 ° ± 2 ° C, and relative humidity of 60-70% 

following the WHO standard method of immersion method 

(WHO, 2005). The 4th larval stage was treated to a series of 

concentrations for five replicates, containing 20 larvae in 

each. For control, five groups were used. Experiments were 

carried out and the results recorded daily until the complete 

insects were released. The dead stages of the treatments 

(larvae -pupa-adults) were isolated and examined to identify 

abnormalities that may occur in their visual form with an 

anatomical microscope equipped with a digital camera 

connected to a computer. 

 

2.6 Statistical analysis 

The larvae mortality percentages were calculated for each 

concentration. The results were analyzed using [17], using LDP 

line software to derive statistical values and constants at 95% 

confidence intervals and a significant level of 0.05.  

 

3. Results 

3.1 Characterization of AgNPs and changing color 

In this study, the color change was a sign as evidence of the 

formation of nanoparticle. After adding the silver nitrate to 

the extracts, the color of the extracts gradually changed over 

time. This indicates that the ionic silver nitrate was reduced to 

unsaturated silver particles. While, no change in the color for 

extracts without adding silver nitrate as well as for silver 

nitrates without the extract (Fig. 2 a, b, c). 
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Fig 2: Biosynthesis silver nanoparticles for A. marina extract A) 

silver nitrates B) A. marina extract C) silver nanoparticles 

 

3.2 Spectrophotometer UV/Vis/NIR 

From studying the absorption spectra in the visible light area 

and ultraviolet radiation of the wavelength at which the 

strongest absorption and formation of nanoparticle particles 

occurred, the results showed that the mangrove extract 

obtained the absorption strength at the wavelength 316 nm 

(Fig. 3). 

 

 
 

Fig 3: The ultraviolet radiation spectrometer for silver nitrate 

(AgNO3), A. marina extract and silver nanoparticles (AgNPs). 

 

3.3 Particles examinations using an electron microscope 
To determine the size and shape of the formed particles, the 

scanning electron microscope was used. Results showed that 

the shape of the particles varied from spherical to rectangular, 

depending on the extracts used in their preparation. The size 

of the silver particles prepared from the mangrove extract 

ranged from 10-40 mm (Fig. 4). 

 

 
 

Fig 4: Analysis of the scanning electron microscopy device for the 

silver particles prepared from the A. marina extract. 

3.4 Infrared spectrometer (FTIR) analysis 

The analysis of the infrared spectrometer (FTIR) was 

compared before and after adding silver nitrate and the 

composition of nanoparticles (nano) through a displacement 

of values from 122.46 to 1566.75 with changes at absorption 

peaks 144648 and 1525.79 and decay of the absorption peak 

225.445 (Fig. 5).  

 

 
 

Fig 5: Analysis of the FTIR for A. marina extract before and after 

adding silver nitrates. 

 

On the other hand, the results of the statistical analysis 

showed in Table 1 that there was a direct correlation between 

the concentrations of A. marina extract, larvae and pupa 

mortality, and inhibition of adults from treated larvae. Where 

the effective concentrations were 100, 300, 50, 800 and 1000 

ppm. The percentage of inhibition of adults from larvae 

treated at previous concentrations ranged from 1791% with 

recorded larval mortality at 4%, whereas larvae mortality was 

13.83% and pupa mortality was 87-17%. The pupa 

percentages were high in larvae treated with low 

concentrations as well as the rate of conversion from pupa to 

adults.  

By comparing of calculated Chi square (Chi) 2 and tabulated 

one which obtained from the statistical at df = n-2 and α = 

0.05, levels were higher than the values of the calculated Chi 

square, confirming that the difference is significant between 

the concentrations and mean of adults inhibitor from treated 

larvae. 

 
Table 1: Sensitivity of Ae. aegypti larvae for the extract of A. marina 

 

Conc. 
(ppm) 

Larval 

Mortality (%)* 

Pupae 

Produced 

(%) 

Adults emergence 

Total Inhibition (%) 

100 13 87 83 17 

300 42 58 48 52 

500 60 40 32 68 

800 72 28 21 79 

1000 83 17 9 91 

0 4 96 96 4 

* Five replicates; 20 mosquito larvae each 

Chi-square calculated from the data = 1.9137 

Tabulated Chi-square at 0.05 probability level = 7.81 

The line is good fit and the data are significantly homogenous. 

IC50 = 290.19 ppm 

Fiducial limits of IC50= 247.59– 333.23 ppm 

IC90 = 1169.98 ppm 

Fiducial limits of IC90 = 955.35– 1532.80 ppm 

Slope= 2.1166 
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The results shown in Table 2 the laboratory toxicity data and 

the delayed effects of silver nanoparticles prepared from A. 

marina extract. Effective concentrations were ranged from 

10-50 ppm. Larval mortality rates ranged from 18-88%, and 

the inhibition adult's rate were ranged from 29-97%.  

The results of the statistical analysis showed in Fig. 6, that the 

values of the inhibitory concentrations were 50-90% of the 

adults produced from the treated larvae. These values were 

about 16.558 and 44.093 ppm, respectively. 

According to the values from Fig. 7 of the concentration that 

inhibited of 50% of adults, the results showed that the silver 

particles prepared from the A. marina extract were higher than 

the extracts alone at 17.53 times. 

 
Table 2: Sensitivity of Ae. aegypti larvae for silver particles prepared from mangrove extract A. marina 

 

Conc. (ppm) Larval Mortality (%)* Pupae Produced (%) 
Adults emergence 

Total Inhibition (%) 

10 18 82 71 29 

20 47 53 46 54 

30 65 35 23 77 

40 77 23 15 85 

50 88 12 3 97 

0 4 96 96 4 

* Five replicates; 20 mosquito larvae each 

Chi-square calculated from the data = 5.2184 

Tabulated Chi-square at 0.05 probability level = 7.81 

The line is good fit and the data are significantly homogenous. 

IC50 = 16.5586 ppm 

Fiducial limits of IC50= 14.5607– 18.417 ppm 

IC90 = 44.093 ppm 

Fiducial limits of IC90 = 38.6233– 52.4572 ppm 

Slope = 3.0131 

 

 
 

Fig 6: The LDP line of the total insects produced from the treated larvae 

 

 
 

Fig 7: Comparison between the silver particles prepared from the A. 

marina extract alone. 

4. Discussion  

The development of non-harmful and effective insecticides is 

important for public health worldwide. In this study, we used 

the Mangroves (A. marina), a marine plant that was used as 

traditional medicine in Egypt, as a source of green nano 

insecticides against Ae. aegypti, as well as growth inhibitors. 

In our research, we found that the mortality of silver particles 

prepared from the A. marina extract against Ae. aegypti larvae 

were higher than the extracts alone as shown in Table 1&2 

and illustrated by Fig. 1 &2. In general, 13%, 42%, 60%, 72% 

and 83% of larval mortality was obtained when the 4th instar 

larvae were treated with only A. marina, and 18%, 47%, 65%, 

77% and 88% of larval mortality were obtained when the 4th 

instar larvae were treated with silver particles prepared from 

A. marina extract. Therefore, in the present work, cumulative 

mortalities during larval development to pupa and adults have 
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been taken as a sign for evaluating the tested plant against Ae. 

aegypti. The records concentrations of only A. marina extract 

caused 17%, 52%, 68%, 79%, and 91%, and the records when 

they treated with silver particles prepared from A. marina 

extract were 29%, 54%, 77%, 85% and 97% inhibition of 

adult emergence, respectively. The larvicidal activities of 

silver nanoparticles synthesized with A. marina leaf extract 

were effective against the larvae of Ae. Aegypti were also 

observed [18]. Ag nanoparticles (AgNPs) fabricated with the A. 

herba-alba extract on Indian and Saudi Arabian strains of 

Anopheles, Aedes and Culex mosquitoes were tested [19]. 

Another important finding in this study was that when we 

added silver nitrate to the extract it changed to brown color. 

The characteristic brown color is attributed to the excitation of 

Surface Plasmon Response (SPR) with the silver 

nanoparticles as suggested by [20]. AgNO3 when it was mixed 

with A. herba-alba leaf aqueous extract it showed a 

yellowish-brown coloration which indicated the formation of 

A. herba-alba synthesized AgNPs [19] which corporate with 

our results. The most interesting finding was that the size of 

the silver particles prepared from A. marina extract ranged 

from 10-40 mm that provides an excellent larvicidal activity 

for the synthesized nanoparticles. The SEM analyses of the 

synthesized AgNPs were clearly clustered and irregular 

shapes with an average size of 40–100 nm which observed by 
[21]. One of the initial objectives of this study was to effect of 

the A. marina leaf extract before and after the addition of 

silver nitrate to the larvae of Ae. aegypti. Our results showed 

that the percentage of A. marina extract ranged from 100-

1000 ppm where effective concentration which inhibited 

adults derived from treated larvae. These results agree with 

the finding of other studies [20], while the results recorded with 

different values for the lethal concentrations of 50% and 90% 

of Ae. aegypti larvae treated with silver particles prepared 

from the extract were effective concentrations ranged from 

10-50 ppm. Larval mortality rates ranged from 18-88%. 

Inhibition rates for adults ranged from 29-97%. However, 

results are promising, since relevant toxicity potential on 

mosquitoes has been detected. As an example, A. nilagirica 

synthesized AgNPs have LC50 values ranging from 0.34 for 

first instar larvae, to 0.05 μg/ml for pupae on An. stephensi, 

and 0.46, for first instar, to 0.16 μg/ml for pupae, on Ae. 

aegypti were reported [22]. More generally, there are many 

reports available about the promising potential of AgNPs as 

nano insecticides [23, 24]. This conclusion might be due to the 

fact that this marine extract contains an effective component 

with larvicidal properties against mosquitoes [25-27]. 

 

5. Conclusion  

Based on the results obtained against the targeted insect 

vectors, both extracts and the prepared AgNPs can be used as 

an insecticide against Ae. aegypti mosquito. Mixing of the 

extract and the nanoparticles at low concentrations lead to 

better and powerful insecticide effects, promising, since they 

are effective at low doses, and may constitute an 

advantageous alternative to build newer and safer control 

tools. 

 

6. Acknowledgement 

The authors express their sincere gratitude to the Dengue 

Mosquito Experimental Station (DMES), belonging to the 

Department of Biological Sciences, Faculty of Sciences, King 

Abdul-Aziz University, Jeddah, Saudi Arabia for providing 

necessary equipment and their nice cooperating throughout 

the research period.  

 

7. References  

1. Valdez LD, Sibona GJ, Condat CA. Impact of rainfall on 

Aedes aegypti populations. Cornell University. 2017. 

2. World Health Organization. Prevention and control of 

dengue and dengue hemorrhagic fever, WHO, Regional 

Publication. 2016; 29:134  

3. Stanaway JD, Shepard DS, Undurraga EA, Halasa YA, 

Coffeng LE, Brady OJ. The global burden of dengue: an 

analysis from the Global Burden of Disease Study 2013. 

Lancet Infect Dis. 2016; 16(6):712-23. 

4. Helena RCA, Danilo OC, Rafaella SI, André LC, 

Margareth LC. Aedes aegypti Control Strategies in 

Brazil: Incorporation of New Technologies to Overcome 

the Persistence of Dengue Epidemics. Insects. 2015; 

6:576-594. 

5. Salazar FV, Achee NL, Grieco JP, Prabaripai A, Ojo TA, 

Eisen L et al. Effect of Aedes aegypti exposure to spatial 

repellent chemicals on BG-Sentinel™ trap catches. 

Parasit & Vectors. 2013; 20(6):145. 

6. Roark RC. Some promising insecticidal plants. Econ. 

Bot. 1947; 1:437-445. 

7. Sukumar K, Perich MJ, Boobar LR. Botanical derivatives 

in mosquito control: A review. J. Am. Mosq. Control 

Assoc. 1991; 7:210-237. 

8. Ghosh A, Chowdhury N, Chandra G. Plant extracts as 

potential mosquito larvicides. Indian J Med. Res. 2012; 

135:581-598. 

9. Pavela R, Benelli G. Essential oils as eco-friendly 

biopesticides? Challenges and constraints, Trends Plant 

Sci. 2016; 21:1000-1007. 

10. AL-Bahrany A, Al-Khayri J. Micropropagation of grey 

mangrove Avicennia marina. PCTOC. 2003; 72:87-93. 

11. Pan JH, Jones EBG, She ZG, Pang JY, Lin YC. Review 

of bioactive compounds from fungi in the South China 

Sea. Bot. Mar. 2008; 51:179-190. 

12. Feng Z, Xin C, Yihua Y, Meizhen H, Huili S, Wenzhou 

X. The Chemical Investigations of the Mangrove Plant 

Avicennia marina and its Endophytes. The Open Natural 

Products Journal. 2009; 2:24-32. 

13. Fauvel MT, Taoubi K, Gleye J, Fouraste I. 

Phenylpropanoid glycosides from Avicennia marina. 

Planta Med. 1993; 59:387-387. 

14. Burrows DW. The role of insect leaf herbivory on the 

mangroves Avicennia marina and Rhizophora stylosa. 

James Cook University, 2003. 

15. Vannucci M. Supporting appropriate mangrove 

management. International News Letter of Coastal 

Management-Intercoast Network, Special edition. 1997; 

1:1-3. 

16. Finney DJ. Probit Analises. 14. Cambridge Univ. 1972; 

72. 

17. Hanan AS, Jazem MA, Hamed GA, Alhag SK. Larvicidal 

Activity of Synthesized Silver Nanoparticles using 

Rhazya stricta Leaf Extract against Mosquito Vectors 

Aedes Aegypti. Res J Biotechnol. 2018; 13(10). 

18. Balakrishnan S, Srinivasan M, Mohanraj J. Biosynthesis 

of silver nanoparticles from mangrove plant (Avicennia 

marina) extract and their potential mosquito larvicidal 

property. J Parasit Dis. 2016; 40(3):991-6. 

19. Al Thabiani A, Alshehria MA, Panneerselvama C, 



International Journal of Mosquito Research 
 

60 

Muruganb K, Trivedia S, Mahyoub JA et al. The desert 

wormwood (Artemisia herba-alba) – From Arabian folk 

medicine to a source of green and effective nano 

insecticides against mosquito vectors. JPPA. 2018; 

180:225-234. 

20. Ranganathan R, Madanmohan S, Kesavan A, Baskar G, 

Ramia Krishnamoorthy Y, Santosham R et al. Nano 

medicine: Towards development of patient-friendly drug-

delivery systems for oncological applications. Int J 

Nanomedicine. 2013; 7:1043-60. 

21. Ghramh HA, Al-Ghamdi KM, Mahyoub JA, Ibrahim EH. 

Chrysanthemum extract and extract prepared silver 

nanoparticles as biocides to control Aedes aegypti (L.), 

the vector of dengue fever. J Asia. Pac. Entomol. 2018, 

21.  

22. Nalini M, Lena M, Sumathi P, Sundaravadivelan C. 

Effect of phyto-synthesized silver nanoparticles on 

developmental stages of malaria vector, Anopheles 

stephensi and dengue vector, Aedes aegypti, Egypt. J. 

Basic Appl. Sci. 2017; 4:212-218. 

23. Athanassiou CG, Kavallieratos NG, Benelli G, Losic D, 

Usha Rani P, Desneux N. Nanoparticles for pest control: 

current status and future perspectives, J. Pest. Sci. 2018; 

91:1-15. 

24. Murugan K, Dinesh D, Jenil KP, Panneerselvam C, 

Subramaniam J, Madhiyazhagan P et al. Datura metel-

synthesized silver nanoparticles magnify predation of 

dragonfly nymphs against the malaria vector Anopheles 

stephensi, Parasitol. Res. 2015; 114:4645-4654. 

25. Cetin H, Gokoglu M, Oz E. Larvicidal activity of the 

extract of seaweed, Caulerpa scalpelliformis against 

Culex pipiens. J Am. Mosq. Cont. Assoc. 2010; 

26(4):433-436. 

26. Kalimuthu K, Lin S, Tseng L, Murugan K, Hwang J. Bio-

efficacy potential of seaweed Gracilaria firma with 

copepod, Megacyclops formosanus for the control larvae 

of dengue vector Aedes aegypti. Hydrobiologia. 2014; 

741(1):113-123. 

27. Yu KX, Jantan I, Amad R, Wong C. The major bioactive 

components of seaweeds and their mosquitocidal 

potential. Parasitol Res. 2014; 113:3121-3141.  


