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ABSTRACT 
Aedes vittatus (Bigot) mosquitoes, known to breed in diverse habitats, have been identified in Corsica, Europe, and have a 
geographical distribution across tropical Asia, Africa, and the Mediterranean region of Europe. These mosquitoes are 
potential vectors of arboviruses such as yellow fever, dengue, chikungunya, and Zika, raising concerns about public health 
risks. This research investigates the larvicidal activity of methanolic leaf extracts from three plants, namely Carica papaya, 
Cascabela thevetia, and Caesalpinia bonduc, against the fourth instar larvae of Ae. vittatus. The phytochemical analysis of 
the plant extracts revealed the presence of various secondary metabolites, including alkaloids, flavonoids, saponins, 
terpenoids, polyphenols, and glycosides, suggesting their potential as biopesticides. Larvicidal bioassays demonstrated 
significant larvicidal effects of the methanolic extracts on Ae. vittatus larvae. The extract from C. thevetia exhibited the 
highest efficacy, while G. bonduc extracts showed the lowest larvicidal activity. Probit regression analysis provided LC50 
and LC90 values for each plant extract, allowing for a better understanding of their effectiveness. These findings highlight 
the potential of natural plant extracts as environmentally friendly alternatives for mosquito control, offering a safer 
approach compared to synthetic compounds. Utilizing these biopesticides may aid in reducing pesticide-related hazards 
to humans and the environment while effectively targeting Ae. vittatus mosquitoes, contributing to the management of 
arboviral diseases and protecting public health. 
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INTRODUCTION 
Aedes vittatus (Bigot) mosquitoes, previously identified as Culex vittatus, were first observed in Corsica, 
Europe and have a geographical distribution spanning tropical Asia, Africa, and the Mediterranean region 
of Europe, and they are known to breed in diverse habitats, including rock pools and discarded containers 
[1]. Ae. vittatus mosquitoes are commonly found in peridomestic environments and exhibit a preference 
for breeding in rock pools. They can be distinguished from other prevalent Aedes species by three pairs of 
small, round, silvery-white spots on the scutum. Additional characteristic features include narrow-scaled 
wings, dark tibiae with white spots, a white band at the base of the tibiae, white bands on tarsomeres 1–4, 
and a fully white fifth tarsomere [2]. 
Ae. vittatus mosquitoes have been implicated as potential vectors of arboviruses such as yellow fever, 
dengue, chikungunya, and Zika, with evidence of virus isolation and their ability to transmit these viruses 
in laboratory settings. Due to their high preference for biting humans (anthropophily), these mosquitoes 
are considered important species for studying and monitoring their potential role in the maintenance and 
transmission of arboviruses that pose public health risks [3]. Recently, they have gained attention in 
association with the Zika virus (ZIKV) [4]. 
The extensive use of pesticides in agriculture and public health activities poses hazards to humans and 
other organisms due to unintended exposure. Pesticide exposure has been linked to various diseases, 
including cancer, asthma, and birth defects. Determining the risks associated with pesticide exposure is 
challenging due to factors such as the specific pesticide used, the level and duration of exposure, and 
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environmental conditions [5]. To overcome the limitations associated with synthetic compounds used in 
mosquito control, there has been a shift toward the utilization of botanicals. The application of easily 
degradable plant compounds has emerged as a safe approach to controlling insect pests and vectors) [6]. 
In a recent study, Madhavi and Mahesh [7, 8].  demonstrated the efficacy of Murraya paniculata and 
Pongamia pinnata plant extracts in controlling the fourth instar larvae of Ae. vittatus. Similarly, Santhosh et 
al. [9] evaluated Murraya koenigii plant extracts against Ae. vittatus larvae. 
Carica papaya extracts possess significant antioxidant properties, and can be employed as a natural remedy 
for treating inflammation, skin aging, chronic diseases, and cancers by activating antioxidant defense 
mechanisms [10]. The leaf extract of C. papaya exhibited potential as a candidate for increasing platelet 
count in dengue patients [11]. The methanolic and ethanolic leaf extracts of Cascabela thevetia showed low 
to moderate antibacterial activity against several bacterial strains, suggesting their potential as 
antibacterial agents [12]. Arasaretnam, et al. [13] reported the presence of carbohydrates, saponins, 
alkaloids, and terpenoids in the aqueous extract of the whole plant of C. thevetia. These secondary 
metabolites play a significant role in the biological activities exhibited by medicinal plants, including 
hypoglycemic, antidiabetic, antioxidant, antimicrobial, anti-inflammatory, anticarcinogenic, antimalarial, 
and antileprosy activities. Ali et al. [14] reported the beneficial effects of leaf extracts of Caesalpinia bonduc 
in treating various ailments, such as amenorrhea, asthma, body ache, chest pain, cough, diarrhea, 
dysmenorrhea, elephantiasis, fevers, headache, hepatomegaly, hydrocele, indigestion, intestinal worms, 
menstruation disorders, rheumatism, skin infections, smallpox, and splenomegaly. Different classes of 
chemical compounds, including flavonoids, diterpenes, and steroids, have been isolated from various 
species of Caesalpinia [15]. 
The present study aims to investigate the larvicidal activity of methanolic leaf extracts of C. papaya, C. 
thevetia, and C. bonduc at different concentrations (100, 200, 300, and 400 ppm) against the 4th instar larvae 
of Ae. vittatus. 
 
MATERIAL AND METHODS 
Mosquito Larvae: Early-stage larvae of Ae. vittatus were collected from the lake and rockpools situated in 
the Osmania University campus, Hyderabad, Telangana State, India. The larvae were reared in glass troughs 
with a diet consisting of a mixture of yeast and dog biscuits in a ratio of 3:1. Fourth instar larvae were 
selected for the larvicidal bioassay. 
Test Plants: High-quality leaves of C. papaya, C. thevetia, and C. bonduc were collected from Zaheerabad 
town, Telangana State, India. The leaves were thoroughly washed with running tap water and then rinsed 
with distilled water. They were subsequently shade dried for a period of 15 days. Once dried, the leaves 
were powdered using an electrical blender. Methanolic extracts were obtained from the powdered samples 
by soaking 50 gr of powders separately in 200 ml of methanol for 4 days with frequent shakings. On the 5th 
day, the solutions were filtered using filter papers and then methanol was allowed to evaporate under a fan 
until a semisolid extract is obtained. The semi-solid extracts obtained thus were preserved in the 
refrigerator at 40C until usage.  
Phytochemical Analysis: Various tests were conducted to identify the presence of secondary metabolites 
in the prepared extracts. Alkaloids were detected using the Mayor's Test, wherein the addition of Mayor's 
reagent resulted in the formation of a cream-colored precipitate. The Alkaline Reagent Test was employed 
to identify flavonoids, which exhibited a yellow color upon the addition of NaOH. Terpenoids were 
identified using the Salkowski Test, where the addition of concentrated H2SO4 led to a red or orange color. 
The Froth Test was used to detect saponins, which produced foam upon vigorous shaking. The Keller-
Killiani Test was performed to identify glycosides, with the formation of a red or violet color upon adding 
HCl and FeCl3. Lastly, the NaOH Test was conducted to identify polyphenols, and the addition of NaOH 
resulted in yellow color. 
Test solutions: 1 gr. of each extract was dissolved in 10 mL of methanol separately and then was added to 
990 mL of distilled water to prepare 1000 ppm stock solutions. Four different concentrations (100, 200, 
300, and 400 ppm) of the test solutions were prepared for each extract by serial dilution method. The 
control solution was prepared by adding the methanol and distilled water in the same ratios, excluding the 
extracts.  
Larvicidal Bioassay: The larvicidal bioassay followed the guidelines set by the World Health Organization 
(WHO) [16]. The test solutions were placed in 250 mL test cups, and three batches of 20 larvae were 
introduced into each cup. After 6, 12, and 24 hours of exposure, the number of dead larvae was counted, 
and the percentage mortality was calculated as the average of five replicates using the following equation:  
                                      %PM = (Number of dead larvae / Total larvae population) × 100.  
Corrected mortalities were calculated using Abbott's [17] formula. 
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Statistical analysis: Microsoft Excel software was used to subject the results to one-way analysis of 
variance (ANOVA). The level of significance was set at p<0.05. Probit analysis was conducted to calculate 
LC50  and LC90 concentrations. 
 
RESULTS AND DISCUSSION 
(1) Phytochemical Analysis: The results of the phytochemical analysis (Table No.1) show that methanolic 
leaf extracts of C. papaya, C. thevetia, and C. bonduc plants contain a wide range of phytochemicals. Alkaloids 
were present in high quantities in C. papaya and C. thevetia extracts whereas they were present in less 
quantity in C. bonduc extracts. Flavonoids were present in moderate quantities in C. papaya and C. thevetia 
extracts. However, they were found to be in less quantity in C. thevetia extracts. Saponins quantity was 
excess in C. thevetia extracts, moderate in C. bonduc extracts, and less in C. papaya extracts. Terpenoid test 
results confirmed the abundance of Terpenoids in C. thevetia extracts, moderate presence of them in C. 
papaya extracts, and less quantity in C. bonduc extracts. Polyphenols were found to be in excess quantity in 
C. thevetia extracts while in less quantity in C. papaya and C. bonduc extracts. However, Glycosides were 
present in less quantity in all three tested extracts. 
Larvicidal Bioassay:  
The results of the bioassay conducted with the methanolic extracts of C. papaya leaves (Table 2) revealed 
that they possess significant larvicidal activity against Ae. vittatus larvae with mortality percentages of 
26.09 ± 0.48, 47.83 ± 0.51, 65.22 ± 0.46, and 82.61 ± 0.34 at 100, 200, 300, and 400 ppm concentrations, 
respectively. Probit regression analysis of the results (Figure 1) indicated the LC 50 and LC 90 values to be 
227.71 and 423.50 ppm, respectively.  
On the other hand, the methanolic extracts of C. thevatia exhibited the highest larval mortalities of all three 
bioassays (Table 3).  larvicidal activity against Ae. vittatus larvae, with a mortality percentage of 35.35 ± 
0.62, 48.48 ± 0.60, 62.63 ± 0.67, and 88.89 ± 0.83 at 100, 200, 300, and 400 ppm concentrations, 
respectively. Probit regression analysis of the results (Figure 2) indicated the LC 50 and LC 90 values to be 
214.23 and 409.26 ppm, respectively.  
However, the methanolic extracts of C. bonduc leaves exhibited low larvicidal activity of all tested extracts 
yet, significant activity against Ae. vittatus larvae. with a mortality percentage of 18.39 ± 0.69, 33.33 ± 0.64, 
48.28 ± 0.97, and 75.86 ± 0.94 at 100, 200, 300, and 400 ppm concentrations, respectively. Probit regression 
analysis of the results (Figure 3) indicated the LC 50 and LC 90 values to be 269.00 and 489.27 ppm, 
respectively.  
In summary, the methanolic extracts of all the tested extracts showed significant larvicidal effects with 
slight variations, against the 4th instars of Ae. vittatus (Figure 4).  Of them, C. thevetia extracts exhibited the 
highest efficacy, whereas G. bonduc extracts showed the lowest larvicidal efficacy.   
Phytochemical analysis of the tested extracts in the present study showed various secondary metabolites 
such as alkaloids, terpenoids, flavonoids, phenols, saponins, and glycosides. The same results were 
reported in previous studies with C. papaya extracts, C. thevetia extracts, and C. bonduc extracts [18, 19, 
20]. 
The results of the larvicidal bioassays of the present study also are supported by previous studies. 
Kovendran, et al. [21] reported the highest mortality rates with LC50 values of 375.89 ppm in their study 
with the methanolic extracts of C. papaya against the 4th instars of Ae. aegyptii. Borah, et al. [22] studied the 
efficacy of plant extracts of C. thevetia against different mosquito species. They reported LC 50 values of 
95.19, and 140.99, and LC 90 values of 267.73 and 428.86 ppm for Ae. aegyptii and C. quinquefasciatus, 
respectively. Saravanan, et al. [23] evaluated the larvicidal efficacy of C. bonduc leaf extracts against C. 
quinquefasciatus. They reported 100% mortality with 1% concentrations of petroleum ether and ethanolic 
extracts. The aqueous extract at 2.5% concentration had a mortality rate of 55%, while the fixed oil at the 
same concentration had a mortality rate of 92.6%. 
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Table 1. Identified secondary metabolites in the selected plants’ methanolic leaf extracts. Absent: -
; Slightly Present: +; Moderately present: ++; Heavily present: +++. 

Extracts Alkaloids Flavonoids Saponins Terpenoids Polyphenols Glycosides 

C. papaya +++ ++ + ++ ++ + 

C. thevetia +++ + +++ +++ +++ + 

C. bonduc + ++ ++ + ++ + 
 
Table 2. C. papaya Methanolic leaf extracts larval mortality percentages ± Standard Deviations (SD) 
against the 4th Instar larvae of Ae. vittatus. LC50 – 50% Lethal Concentration; LC90 – 90% Lethal 
Concentration- 95% CL – 95% Confidence Limits; LCL – Lower Confidence Limit; UCL – Upper 
Confidence Limit 

Conc. In 
ppm 

Mortality % ± 
SD 

LC50 
95% CL 

(LCL – UCL) 

LC90 
95% CL 

(LCL – UCL) 
0 0 ± 0.75 

263.91 
(263.77 

-  
264.14) 

480.01  
(479.87  

- 
480.24) 

100 22.99 ± 0.67 
200 37.93 ± 0.58 
300 51.72 ± 0.88 
400 78.16 ± 0.71 

  
Table 3. C. thevetia Methanolic leaf extracts larval mortality percentages ± Standard Deviations (SD) 
against the 4th Instar larvae of Ae. vittatus. LC50 – 50% Lethal Concentration; LC90 – 90% Lethal 
Concentration- 95% CL – 95% Confidence Limits; LCL – Lower Confidence Limit; UCL – Upper 
Confidence Limit 

Conc. In 
ppm 

Mortality % ± 
SD  

LC50 
95% CL 

(LCL – UCL) 

LC90 
95% CL 

(LCL – UCL) 
0 0 ± 0.80 

214.23 
(213.54 

-  
215.31) 

409.26  
(408.56  

- 
410.34) 

100 35.35 ± 0.62 
200 48.48 ± 0.60 
300 62.63 ± 0.67 
400 88.89 ± 0.83 

  
Table 4. C. bonduc Methanolic leaf extracts larval mortality percentages ± Standard Deviations (SD) 
against the 4th Instar larvae of Ae. vittatus. LC50 – 50% Lethal Concentration; LC90 – 90% Lethal 
Concentration- 95% CL – 95% Confidence Limits; LCL – Lower Confidence Limit; UCL – Upper 
Confidence Limit 

Conc. In 
ppm 

Mortality % ± 
SD  

LC50 
95% CL 

(LCL – UCL) 

LC90 
95% CL 

(LCL – UCL) 
0 0 ± 0.75 

269.00 
(268.10 

-  
270.14) 

489.27  
(488.37  

- 
490.40) 

100 18.39 ± 0.69 
200 33.33 ± 0.64 
300 48.28 ± 0.97 
400 75.86 ± 0.94 
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Figure 1. Regression analysis of C. papaya methanolic leaf extracts against the 4th instar larvae of 
Ae. vittatus. 

 
Figure 2. Regression analysis of C. thevetia methanolic leaf extracts against the 4th instar larvae of 
Ae. vittatus. 

 
Figure 3. Regression analysis of C. bonduc methanolic leaf extracts against the 4th instar larvae of 
Ae. vittatus. 

 
Figure 4. Comparative Larvicidal activity of C. papaya, C. thevetia, and C. bonduc methanolic leaf 
extracts against the 4th instar larvae of Ae. vittatus. 
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CONCLUSION  
In conclusion, the phytochemical analysis of methanolic leaf extracts of C. papaya, C. thevetia, and C. bonduc 
plants revealed the presence of a diverse range of phytochemicals, with the methanol extract showing the 
highest abundance of phytochemicals. The larvicidal bioassay demonstrated significant larvicidal activity 
of the methanolic extracts of C. papaya, C. thevetia, and C. bonduc plant leaves against Ae. vittatus larvae, 
with the methanolic extract of C. thevetia leaves exhibiting the highest activity. The other two extracts also 
exhibited significant larvicidal efficacy against the larvae. The C. thevetia leaf extracts displayed the lowest 
LC50 and LC90 values, while the other two extracts had slightly higher LC50 and LC90 values. These 
findings suggest that the C. papaya, C. thevetia, and C. bonduc plant extracts have the potential as a natural 
pesticide against Ae. vittatus larvae.  
 
Conflict of Interest: 
The authors don’t have any sort of financial or non-financial conflicts with any person or firm that can affect 
the results of this research. 
 
Ethics of Human and Animal Experimentation: Not applicable 
 
Informed Consent: Not applicable 
 
Author Contributions:   Srija conceptualized, investigated 
                                                 Mahesh Supervised, and wrote the manuscript   
                                                 Madhavi curated the data and edited the manuscript.  
                                                 Vanaja investigated, and analyzed data. 
 
REFERENCES 
1. Jupp PG, McIntosh BM. (1990). Aedes furcifer and other mosquitoes as vectors of chikungunya virus at Mica, 

northeastern Transvaal, South Africa J Am Mosq Control Assoc. 6(3):415–20 
2. Alikhan M, Ghamdi KA, Mahyoub JA. (2014). Aedes mosquito species in western Saudi Arabia J Insect Sci.14:69 
3. Sudeep, A. B.; Shil, P. (2017). Aedes vittatus (Bigot) mosquito: An emerging threat to public health. Journal of 

Vector-Borne Diseases. 54(4): 295-300. DOI: 10.4103/0972-9062.225833 
4. Rajavel AR, Natarajan R, Vaidyanathan K. (2006). Mosquitoes of the mangrove forests of India: Pt VI–Kundapur, 

Karnataka and Kannur, Kerala J Am Mosq Control Assoc. 22:582–5 
5. Kim, K.-H., Kabir, E., & Jahan, S. A. (2017). Exposure to pesticides and the associated human health effects. Science 

of The Total Environment, 575, 525–535. doi:10.1016/j.scitotenv.2016.09.009  
6. Tehri, K., & Singh, N. (2015). The role of botanicals as green pesticides in integrated mosquito management – A 

review. International Journal of Mosquito Research. 2(1):18-23. 
7. Madhavi, M., & Mahesh, L. (2023a). Murraya paniculata leaf extracts as effective larvicides against the larvae of 

Aedes vittatus (Insecta; Diptera; Culicidae). International Journal of Entomology Research. 8(5): 21-26. 
8. Madhavi, M., & Mahesh, L. (2023b). Pongamia pinnata leaf extracts efficacy against the 4th instar larvae of Aedes 

vittatus (Insecta: Diptera: Culicidae). Journal of Medical Arthropodology and Public Health. 3(1): 23-34 
9. Santhosh, Y., Madhavi, M., Mahesh, L., Ramesh, T., & Shirisha, U. (2023). Sustainable Mosquito Control: Assessing 

the Larvicidal Activity of Murraya koenigii Extracts against Aedes vittatus. International Journal of Entomology 
Research. 8(6), 16-18. 

10. Kong YR, Jong YX, Balakrishnan M, Bok ZK, Weng JKK, Tay KC, Goh BH, Ong YS, Chan KG, Lee LH, Khaw KY. (2021). 
Beneficial Role of Carica papaya Extracts and Phytochemicals on Oxidative Stress and Related Diseases: A Mini 
Review. Biology (Basel). 10(4):287. doi: 10.3390/biology10040287. 

11. Jaykaran Charan, Deepak Saxena, Jagdish Prasad Goyal, Sandul Yasobant.(2016). Efficacy and safety of Carica 
papaya leaf extract in dengue: A systematic review and meta-analysis. Int J Appl Basic Med Res. 6(4): 249–254. 
doi: 10.4103/2229-516X.192596. 

12. Mozibullah Md, Ahammad H, Tarin T, Jahinur Islam Md, Khatun M, Islam MJ, & Asaduzzaman Sikder Md. (2023). 
Evaluation of anti-oxidant and antibacterial activities of Ixora chinensis and Cascabela thevetia leaf extracts: An in 
vitro study. Journal of Pharmacognosy and Phytochemistry, 12(1), 35-40. DOI: 10.22271/phyto. 
2023.v12.i1a.14545 

13. Arasaretnam S, Prasadini HRP, Mathiventhan U. (2021). "Qualitative Phytochemical Screening, Anti-Bacterial 
Activity and TLC Profiling of Different Parts of Three Medicinal Plants." International Journal of Multidisciplinary 
Studies (IJMS). 8(1):37-58. 

14. Ali, M., Sultana, S., & Mir, S. R. (2020). Chemical constituents from the seeds of Celastrus paniculatus Willd., leaves 
of Caesalpinia bonduc (L.) Roxb., and root barks of Premna mollissima Roth. ejpmr (European Journal of 
Pharmaceutical and Medical Research), 7(3): 418-427. 

Srija et al  



BEPLS Vol 12 [11] October 2023                  104 | P a g e                ©2023 Author 

15. Zanin, J.L.B., De Carvalho, B.A., Salles Martinelli, P., Dos Santos, M.H., Lago, J.H.G., Sartorelli, P., Viegas, C., Jr., Soares, 
M.G. (2012). The Genus Caesalpinia L. (Caesalpiniaceae): Phytochemical and Pharmacological Characteristics. 
Molecules. 17:7887-7902. https://doi.org/10.3390/molecules17077887 

16. World Health Organization. Guidelines For Laboratory and Field Testing of Mosquito Larvicides. 
https://apps.who.int/iris/bitstream/handle/10665/69101/WHO_CDS?sequence=1 accessed on 10/03/2023 

17. Abbott WS. (1925). A method of computing the effectiveness of an insecticide. Journal of Economic Entomology.18: 
265-266. 

18. Nandini G, Gopenath TS, Nagalambika Prasad, Murugesan Karthikeyan, Ashok Gnanasekaran, Ranjith MS, Pradeep 
Palanisamy, Kanthesh M Basalingappa. (2020). "Phytochemical Analysis and Antioxidant Properties of Leaf 
Extracts of Carica Papaya." Asian Journal of Pharmaceutical and Clinical Research. 13 (11): 58-62.  

19. Seetharaman S, Indra V, Sundar N and Geetha S. (2017). Phytochemical profiling, antibacterial activity and 
antioxidant potential of Cascabela thevetia (L.) whole plant extracts. J Pharmacogn Phytochem. 6(3):93-97. 

20. Pandey D.D., Lokesh K.R. (2019). Phytochemical screening, antioxidant activity and estimation of quercetin by 
HPLC from Caesalpinia bonducella. Journal of Drug Delivery & Therapeutics. 9(4-A): 669-673. 
DOI https://doi.org/10.22270/jddt.v9i4-A.3549 

21. Kovendan, K., Murugan, K., Naresh Kumar, A., Vincent, S., Shiou-Hwang, J. et al. (2012). Bio efficacy of larvicidal and 
pupicidal properties of Carica papaya (Caricaceae) leaf extract and bacterial insecticide, spinosad, against 
chikungunya vector, Aedes aegypti (Diptera: Culicidae). Parasitol Res 110, 669–678 
https://doi.org/10.1007/s00436-011-2540-z 

22. Borah, R., Kalita, M. C., Goswami, R. Ch., & Talukdar, A. K. (2012). Larvicidal Efficacy of Crude Seed Extracts of Six 
Important Oil Yielding Plants of North East India against the Mosquitoes Aedes aegypti and Culex quinquefasciatus. 
Journal of Biofertilizers & Biopesticides, 3(2), 1000116. http://dx.doi.org/10.4172/2155-6202.1000116 

23. Saravanan KS, Periyanayagam K, Ismail M. (2007). Mosquito larvicidal properties of various extracts of leaves and 
fixed oil from the seeds of Caesalpinia bonduc (L) Roxb. The Journal of Communicable Diseases. Sep;39(3):153-
157 

 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
CITATION OF THIS ARTICLE 
P. Srija, Madhavi M, Mahesh L, Vanaja K. Green Solutions for Mosquito Control: Carica papaya, Cascabela thevetia, and 
Caesalpinia bonduc Extracts against Aedes vittatus Larvae. Bull. Env. Pharmacol. Life Sci., Vol 12[11] October 2023: 98-
104 

Srija et al  

https://doi.org/10.3390/molecules17077887
https://apps.who.int/iris/bitstream/handle/10665/69101/WHO_CDS?sequence=1
https://doi.org/10.22270/jddt.v9i4-A.3549
https://doi.org/10.1007/s00436-011-2540-z
http://dx.doi.org/10.4172/2155-6202.1000116

