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ABSTRACT. Larvicidal potential of Hyptis capitata grown in Indonesia has not been extensively studied. 

Its leaves are extracted with the maceration method using ethanol as the solvent. Furthermore, this study 

aims to use the ethanolic leaf extract of the H. capitata for larvicidal assays against instar III/IV larvae of 

Culex quinquefasciatus with different concentrations, including 1000, 500, 250, 125, and 62.5 µg/mL. 

Fractionation of the extract was carried out by vacuum liquid chromatography, and obtained four fractions, 

namely fractions F1, F2, F3, F4. Fractions were also used for the larvicidal assay. The constituents of the 

extract were then analyzed with the GC-MS method to predict the components involved in its toxicity. 

Larvicidal data obtained were analyzed using regression analysis to determine the LC50 value. Analysis of 

variance was carried out with one-way ANOVA using Tuckey HSD-test on the SPSS ver. 26 at 95% 

confidence and significance P<0.05. H. capitata ethanolic leaf extract has a higher level of toxicity than its 

fraction, with LC50 value 990.90 µg/mL. H. capitata ethanolic leaf extract are capable of providing a toxic 

effect on larvae, with a mortality percentage of up to 50% more. Some compounds that were assumed to 

play a role in its toxicity include pentadecanoic acid, 2,6,10,14-tetramethyl-, methyl ester; 1-heptadecyne; 

9-tetradecen-1-ol, acetate; oxyrane, deodecyl-; 9,12,15-octadecatrienal; and 6,11-dimethyl-2,6,10-

dodecatrien-1-ol. These finding indicate that the ethanolic leaf extract of H. capitata has the potential to be 

developed as a biolarvicidal agent against C. quinquefasciatus. 
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INTRODUCTION 

Mosquitoes are one of the insects, which play a role in the spread of various diseases among 

humans and pets, and causing different health problems (Gouge et al., 2019). Unlike the male 

mosquitoes, the females need blood for the development of their eggs (Nikbakhtzadeh et al., 2017). 

Furthermore, there are several species of the insect, but only a few can cause diseases, such as Culex 

quinquefasciatus. This species is the main vector for the nematode Wuchereria bancrofti, which 

causes Bancroftian filariasis (Simonsen & Mwakitalu, 2013). Bancroftian filariasis is the main cause 

of lymphatic filariasis, with a percentage reaching 90% (Pattanshetty et al., 2010; Irvine et al., 2017). 

Globally there are around 25 million men affected by lymphatic filariasis in 2020. In 50 countries, 

there are 863 million people who are taking preventive therapy to limit the spread of infection (World 

Health Organization, 2022).  

Several efforts have been made to curtail the activities of mosquitoes, such as the use of 

insecticides, which is expected to have a negative effect on pests, with no harmful effect on 

environment or non-target organisms (Ghosh et al., 2012; The World Bioprotection Forum, 2021). 

However, insecticides have negative impact due to their chemical components that are harmful to 
humans and the surrounding environment (Nicolopoulou-Stamati et al., 2016). Therefore, it is 

necessary to develop new variants of insecticides that are harmless and more environmentally 

friendly, such as bioinsecticides. Biological insecticide contains basic ingredients obtained from 

plants including chemicals (bioactive) that are toxic to insects but are easily biodegradable in nature 

and relatively safe (Demirak et al., 2022).   

Natural materials from plants contain secondary metabolites that can repel mosquitoes, hence, 

they are often used as repellants (Hansen et al., 2016). Repellant activity is expected to reduce or 

prevent mosquitos’ bites. In addition to repellant activity, one of the ways that can also be used to 
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reduce mosquito population is to target their larvae. Currently, one that is being widely researched is 

plant-based larvicidal (Ghosh et al., 2012; Pavela et al., 2019). 

H. capitata is one of plants that widely used as traditional medicine ingredients. This plant has 

also been used to treat various health problems such as wounds, diabetes and fever (To’bungan et al., 

2022a). The methanolic extract of H. capitata leaves grown in Thiruvananthapuram, India, showed 

an LC50 value of 11.15 mg/mL. The plant has the potential to be developed as a biolarvicidal against 

C. quinquefasciatus (Sumitha et al., 2021), but the larvicidal activity of this species that growing in 

Indonesia has not been explored. The difference of solvent and environmental factors where a plant 

grows can affect its secondary metabolites content (Widyawati et al., 2014; Felhi et al., 2017; Yang 

et al., 2018). Therefore, it is necessary to investigate the potential of H. capitata grown in Indonesia 

to be developed as a biolarvicidal. 

 

MATERIALS AND METHODS 

H. capitata leaves were taken around the oil palm plantation area, Bungapati village, Tana Lili 

District, North Luwu Regency, South Sulawesi. Identification of the sample was then carried out at 

Laboratory of the plant systematics, Universitas Gadjah Mada, with certificate number 

014535/S.Tb/III/2019 (To'bungan et al., 2022b). Subsequently, herbarium H. capitata was stored in 

the laboratory of Techno-bio Industry, Faculty of Biotechnology, Universitas Atma Jaya, Yogyakarta. 

This study begins with extraction of phytochemical compounds from leaves of H. capitata with 

absolute ethanol. The larvicidal test was started by testing the larvicidal activity of the ethanolic 

extract of the leaves of H. capitata. The ethanolic extract of the leaves then fractionated to compare 

the larvicidal potency of the extract and its fraction, explore the compounds that may play a role in 

larvicidal activity, as well as to determine the interactions of the compounds that may occur. 

Leaves extraction. The leaves powder was extracted with the maceration method using absolute 

ethanol as solvent. Extraction procedure have been published previously (To’bungan et al., 2022a). 

Fractionation. Fractionation was carried out using a vacuum liquid chromatography method, 

followed by thin layer chromatography to monitor the chromatogram pattern. There are 8 eluent 

compositions of vacuum liquid chromatography which are used to separate the compounds contained 

in the ethanolic leaf extract. Fractionation has produced 4 fractions, called fractions F1, F2, F3, F4. 

The fractionation procedure and data for grouping fractions (F1-F4) have been published previously 

(To'bungan et al., 2022a). 

Larvicidal test. The samples used were the larvae of the Surabaya strain of C. quinquefasciatus 

F13 mosquito that reared in Laboratory of Entomology, Institute of Tropical Disease, Universitas 

Airlangga. The leaf extract and fraction were dissolved with 1% Tween 20 into various concentration 

series, including 1000, 500, 250, 125, and 62.5 μg/mL. A total of 25 instar III/IV larvae were placed 

into a becker glass, containing 50 ml of the test solution per concentration with 3 replications. This 

process was also carried out for the negative control, containing water + tween. The larvicidal activity 

was observed during the 24-hour treatment, with room temperature 21-25˚C, and humidity 50-64%, 

after which the number of dead larvae was calculated and the percentage of mortality was determined 

with formula: Mortality (%) = (Number of dead larvae/number of larvae introduced) × 100% 

(Panneerselvan et al., 2012). 

Analysis of secondary metabolite content with GC-MS. The GC-MS analysis was carried out 

at the Integrated Research and Testing Laboratory (LPPT), Universitas Gadjah Mada. GC-MS 

procedure have been published previously (To'bungan et al., 2022a). 

Data analysis. The data collected were analyzed with the regression analysis to determine the 

LC50 value. Analysis of variance was carried out with one-way ANOVA using Tuckey HSD-test on 

the SPSS ver. 26 at 95% confidence level, and significance P<0.05. 
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RESULTS AND DISCUSSION 

The larvicidal test results showed that the H. capitata ethanolic leaf extract treatment with 

variations in concentration against C. quinquefasciatus larvae caused different percentages of larval 

mortality with an LC50 value of 990.90 μg/mL (0.99 mg/mL), as shown in Table 1. LC50 values <1000 

μg/mL were categorized as toxic. This finding indicates the toxicity of the ethanolic extract of H. 

capitata is higher than its methanolic extract against C. quinquefasciatus larvae, (LC50 11.15 mg/mL) 

which had been previously studied by Sumitha et al., 2021.  The differences solvents for extracting 

and the location where plant grown affect the extractable phytochemical compounds (Widyawati et 

al., 2014; Sampaion et al., 2016; Felhi et al., 2017; Yang et al., 2018). An effort to obtain an effective 

solvent are needed to extract phytochemical compounds that act as larvicidal. The effect of variations 

in concentrations on larval mortality is presented in Fig. 1.  Treatment with a concentration of 1000 

ug/mL caused the greatest larval mortality, with mortality percentage of 50.67%. Toxic effect 

indicated by the percentage of larval mortality (Kurniawan & Ropiqa, 2021). 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 1. Larvicidal activity of Hyptis capitata ethanolic leaf extract against Culex quinquefasciatus 

 

In the control group in Table 1., there were no larval deaths, and indicates that the mortality in 

the treatment group was caused by the ethanolic leaf extract treatment. Furthermore, no larva 

mortality was recorded in the group that treated with a concentration 62.5 μg/mL. This shows that, 

the treatment at these concentrations has not been able to have a toxic effect on the larvae. Mortality 

of mosquito larvae exposed to the extract, can influenced by the content of phytochemical compounds 

(Senthil-Natan, 2020).   

 
Table 1. Larvicidal activity of Hyptis capitata ethanolic leaf extract against Culex quinquefasciatus  

Note: The LC50 value is represented by mean ± standard error of three replications. Different superscript alphabetic letters were significantly different 

at p < 0.05 by the Tukey HSD-test. 

 

Fractionation was conducted to investigate whether the compounds contained in H. capitata work 

antagonistically or synergistically in larvicidal activity. The results of the larvicidal test fractions F1-

F4 showed that, the LC50 value of fraction was greater than the LC50 value of the ethanolic leaf extract. 

The results of the larvicidal activity of fractions F1-F4 can be seen in Table 2. The level toxicity of 

fractions F1-F4 against C. quinquefasciatus larvae showed a decrease compared to the toxicity of the 

crude extract. Biological activity, including toxicity, was influenced by the content of compounds in 

the extract and fraction (Lopes et al., 2013; Altemimi et al., 2017). 

Concentration (µg/mL) Mortality (%) LC50 (µg/mL) 

Control 0 

990.90 

1000  50.67 ± 3.53c  

500  17.33±1.33b  

250 8.00 ±2.31a 

125 2.67±1.33a 

62.5 0 
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Table 2. Larvicidal activity of F1-F4 against Culex quinquefasciatus 

Treatment LC50 ± SE (µg/mL) 

F1 2310.47 ±28.83c 

F2 1842.23 ± 96.01b 

F3 1592.94 ± 19.20a 

F4 1429.32 ±66.04a 
Note: The LC50 value is represented by mean ± standard error of three replications. Different superscript alphabetic letters were significantly different 

at p < 0.05 by the Tukey HSD-test. 

 

Due to the toxicity of the H. capitata leaf ethanol extract which is more toxic than its fraction, 

an investigation of the secondary metabolite content was carried out on the leaf ethanolic extract. The 

chromatogram GC-MS of H. capitata ethanolic leaf extract shows the presence of 68 peaks, as shown 

in Fig. 2.  
 

Fig. 2. Chromatogram of metabolite compounds from the leaves ethanolic extract of Hyptis capitata with 68 detected 

peaks 

 

Furthermore, there are 18 compounds with a similarity index above 700, which are assumed to 

be contained in the extract, as shown in Table 3. 
 

Table 3. Metabolite compounds of Hyptis capitata ethanolic leaf extract  

 

Larvicidal activity test show that ethanolic leaf extract was toxic against C. quinquefasciatus 

larvae. Treatment of H. capitata leaf ethanolic extract against C. quinquefasciatus larvae showed 

No. Retention time % Area Formula Compound 

1 4.02 1.27 C4H6N6O3 2,4,6,8-Tetraazabicyclo[3.3.0]octan-3-one, 7-nitroimino- 

2 12.19 2.61 C4H6N2O2 Tetrahydropyrrole-3-amino-2,5-dione 

3 16.66 0.28 C6H7N3O2 Imidazole, 2-amino-5-[(2-carboxy)vinyl]- 

4 16.90 1.39 C17H32 1-Heptadecyne 

5 16.98 0.50 C9H18O 1,2-Epoxynonane 

6 17.16 0.45 C8H14O2 9-Oxabicyclo[4.2.1]nonan-2-ol 

7 17.35 0.75 C14H28O E-7-Tetradecenol 

8 18.44 3.43 C20H40O2 Pentadecanoic acid, 2,6,10,14-tetramethyl-, methyl ester 

9 18.83 0.13 C10H18O 3-Decyn-2-ol 

10 19.41 0.11 C16H30O2 9-Tetradecen-1-ol, acetate, (E)- 

11 19.59 16.10 C14H28O Oxirane, dodecyl- 

12 19.57 0.25 C17H32O2 10-Methyl-E-11-tridecen-1-ol propionate 

13 20.08 2.73 C18H30O 9,12,15-Octadecatrienal 

14 21.38 0.07 C8H16O8 I-Gala-l-ido-octose 

15 23.54 0.16 C7H11NO2 4,4-Ethylenedioxy-pentanenitrile 

16 24.64 0.08 C5H10O5 DL-Arabinose 

17 25.48 20.05 C14H24O 6,11-Dimethyl-2,6,10-dodecatrien-1-ol 

18 31.23 1.13 C16H30Si 1-Ethenyl-3-(1-hexenyl)-4-trimethylsilylcyclopentane 
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more toxic LC50 value than the methanolic leaf extract conducted by Sumitha et al., (2021). Solvents 

with different polarities will extract different phytochemical compounds. This causes differences 

biological activity of the test material (Lopes et al., 2013; Widyawati et al., 2014; Felhi et al., 2017). 

The difference in environmental conditions where plants grow is also one of the causes of differences 

in the content of secondary metabolites (Sampaio et al., 2016).  

Production of secondary metabolites is influenced by biochemical and physiological conditions 

of plants, which are strongly influenced by environmental factors such as light, soil water content, 

soil fertility, salinity, carbon dioxide and temperature (Pant et al., 2021). Sumitha et al., (2021), stated 

that phytol, squalene and tocopherol played a role in the toxicity of the methanol extract of H. capitata 

leaves on C. quinquefasciatus larvae. The difference in the solvent used is also thought to affect the 

type of compound extracted.  Several compounds that are thought play a role in the toxic activity of 

the ethanolic leaf extract of H. capitata against C. quinquefasciatus larvae, based on Table 2. namely 

pentadecanoic acid, 2,6,10,14-tetramethyl-, methyl ester; 1-heptadecyne; 9-tetradecen-1-ol, acetate; 

oxyrane, deodecyl-; 9,12,15-octadecatrienal; and 6,11-dimethyl-2,6,10-dodecatrien-1-ol. 

Pentadecanoic acid, 2,6,10,14-tetramethyl-, methyl ester, also known as Pristanic acid (Roca-

Saavedra et al., 2017). Pristanic acid is a product of phytol metabolism (Bobe et al., 2020). 

Furthermore, phytol has a cytotoxicity effect against some cancer cell lines (Pejin et al. 2014; Kim et 

al., 2015; Thakor et al., 2017). It also presence in Calotropis gigantea leaves as larvicidal activity 

against Spodoptera litura larvae (Babu et al., 2016). Several studies have also reported the 

cytotoxicity effect of pristanic acid against brain cancer cell lines (Kruska & Reiger, 2011), but its 

effect on mosquito larvae and other insects has not been explored. Bobe et al., (2020) stated that 

phytol and its metabolites have in vitro anticancer activity and can cause mortality in experimental 

animals. Therefore, it is possible that pristanic acid also plays a role in larvicidal activity of ethanolic 

leaf extract. 

The 1-Heptadecyne is also present in the aqueous extract of Momordica charantia leaves, and 

the LC50 of its larvicidal activity against C. quinquefasciatus was 42.63 mg/L (Gandhi et al., 2017). 

9-Tetradecen-1-ol, acetate, (E), is a carboxylic ester compound (National Center for Biotechnology 

information, 2022a), which is also contained in the essential oil of Mentha piperita. A previous study 

reported that it is plays a role in the insecticidal effect of M. piperita against Sitophilus oryzae L. 

(Mackled et al., 2019). The presence of both in the ethanolic leaf extract of H. capitata thought to 

contribute to the toxicity against C. quinquefasciatus. The GC-MS fraction analysis of Plectranthus 

amboinicus showed that oxyrane, deodecyl- is one of its main components, and it is suspected to 

contribute to the mosquitocidal activity against instar 4 Aedes aegypti larvae (Paramasivam et al., 

2022). Its relatively high content in the ethanolic leaf extract of H. capitata, supports the alleged 

involvement in the larvicidal activity of H. capitata. 

The 9,12,15-Octadecatrienal is a fatty aldehyde (National Center for Biotechnology Information, 

2022b). Several studies revealed that it can act as an antibacterial (Ardalan et al., 2017; Padma et al., 

2019). It is also present in the petroleum ether extracts of Lagenaria siceraria leaves, which are toxic 

to Spodoptera littoralis (Abaza, 2020). A previous study predicted that the extract can be developed 

as a bioinsecticide to control S. littoralis. Based on the results of these previous studies, this 

compound is predicted play a role in the larvicidal activity of the ethanolic leaf extract of H. capitata. 

Table 2. shows that 6,11-Dimethyl-2,6,10-dodecatrien-1-ol has the largest percentage area 

compared to other compounds. It is one of the most dominant components of Pavetta indica L. aerial 

parts, that has cytotoxicity activity against breast cancer cell MDA‐MB‐231 (Thi-Kim et al., 2019). 

The toxic effect of this compound against mosquito larvae or other insects has not been reported. 

However, based on its large percentage in H. capitata ethanolic leaf extract and cytotoxicity to cancer 

cells, it is assumed to be toxic against C. quinquefasciatus larvae.  

Another species of Hyptis plant that has also been reported to have larvicidal activity is H. 

suaveolens. Its ethanolic and aqueous leaf extract showed toxicity against Anopheles mosquito larvae 

with LC50 of 316.22 and 323.59 mg/L, respectively (Dakum et al., 2021). When comparing the IC50 
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value larvicidal test of H. capitata extract and fraction, it can be seen that the toxicity level of the 

fraction is lower. The phytochemical compound in fractions that have been divided into several 

fractions, no longer causes toxic effects on the C. quinquefasciatus mosquito larvae. This is shows 

that the components contained in the crude extract synergize with each other in providing toxicity 

effects. Therefore, the crude extract of H. capitata is recommended as an alternative larvicidal. Based 

on the potential of H. capitata to be developed as a natural larvicidal agent, it is necessary study its 

effects on non-target organisms as well as measure the safety in the future.   
 

CONCLUSION 
Ethanolic leaf extract of Hyptis capitata has the potential to be developed as a biolarvicidal agent 

against C. quinquefasciatus. H. capitata ethanolic leaf extract toxicity level against larvae of Culex 

quinquefasciatus is 990.90 µg/mL. H. capitata ethanolic leaf extract are capable of providing a toxic 

effect on larvae, with a mortality percentage of up to 50% more. Some compounds that are assumed 

to play a role in its activity include pentadecanoic acid, 2,6,10,14-tetramethyl-, methyl ester; 1-

heptadecyne; 9-tetradecen-1-ol, acetate; oxyrane, deodecyl-; 9,12,15-octadecatrienal; and 6,11-

dimethyl-2,6,10-dodecatrien-1-ol. However, further studies are advised on its effects on non-target 

organisms.  
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