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Abstract 

Mosquitoes behave as an important hazard for millions of human beings worldwide, representing vectors for destructive 
pathogens like malaria, dengue, chikungunya fever, filariasis, Japanese encephalitis, Zika virus. Here, we explored the fourth instar 
larval mortality and impact on enzyme levels in the larval system of mosquito vector Anopheles stephensi, Aedes aegypti and Culex 
quinquefasciatus with tested by aqueous extract and crude extract (acetone and methanol) of Salvia leucantha plant leaf. This study 
reveals that larvicidal effects were appraised in the different doses (100 µg/mL to 500 µg/mL) of S. leucantha aqueous and crude 
extract. In these results showed 100 % promising larval (IV instar) toxicity of three mosquito species. Furthermore, we studied that the 
systemic impact of aqueous and crude extract assessed in the IV larval instar of Anopheles, Aedes, and Culex by evaluating the levels 
of total proteins and Acetylcholinesterase, α- and β-carboxylesterase enzyme activity. Overall, this research reported that the aqueous 
and crude extracts of S. leucantha have the toxic potential to reduce and control larval populations of Anopheles, Aedes and Culex 
mosquito vectors. 
  
Keywords: Salvia Leucantha; Plant Extract; Larvicidal Activity; Biological Mechanism of Action. 
  
1. Introduction 

Worldwide, more than 500 million people suffer from diseases transmitted by the blood-feeding insects, including Malaria, 
Dengue Fever, Zika, and West Nile, and nearly a million deaths are attributed to mosquito-borne illnesses each year. An. stephensi is a 
primary mosquito vector of malaria in urban India. Malaria is a major public health problem in tropical and subtropical countries 
including India and its dynamics vary from place to place. According to the latest estimates, there were about 198 million cases of 
malaria in 2013 and an approximately 584,000 deaths [1]. 

  
Aedes aegypti is the main transmission vector of dengue, Zika, yellow fever and chikungunya in the world. It is highly 

adapted to urban environments and rarely found in forested areas. In addition, 2/3rd of the world population was reported to be infected 
with squirting dengue, of which 5-100 million cases of acute febrile illness and 500 million cases of dengue hemorrhagic fever. Till 
date, no specific treatment options are in practice for dengue. However, vaccine development is under trials. Currently, there is no 
specific treatment for dengue, even if the development of a vaccine is in progress [2]. 

 
 Culex quinquefasciatus are the most common vectors across urban and semi-urban areas of Asia [3]. Lymphatic filariasis, 

commonly known as elephantiasis, is a neglected tropical disease; more than 1.4 billion people in 73 countries are living in areas 
where lymphatic filariasis is transmitted and are at risk of being infected [1].  

  
            So, Mosquito population control is considered the best strategy for combating these diseases. Understanding mosquito 
population dynamics is vital to the development of more effective vector control programs. Plants have played a crucial role in 
maintaining health and improving the quality of animals and human life for many years.  Plant-borne chemicals can act as an ovicides, 
larvicides, pupicides, adult repellents and oviposition deterrents against a wide number mosquito species of economic importance [4], 
[5]. 
  
             Salvia species have been used since ancient times for different purposes including the perfumery industry and for culinary and 
therapeutic applications. This plant family includes approximately 230 genera and 7100 species all over the world [6]. Numerous 
phytochemical and biological studies have been carried out on a number of Salvia species. Salvia leucantha Cav. (Mexican bush sage) 
yielded 43 compounds representing 94.6% with limonene, α-pinene and caryophyllene oxide as major constituents.  
  
            The chemical composition of S. leucantha have been studied and found to be rich in bornyl acetate and sesquiterpene 
hydrocarbons suggesting that environmental factors may strongly influence the chemical composition. One new diterpenoid along 
with four known diterpenoids and a new triterpene were isolated from aerial parts of S. leucantha [7]. The extract from S. leucantha 
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has been reported to contain 1, 8-cineole, p-cymene, thujone and monoterpene alcohols as the major constituents. There are some 
significant activities and properties of Salvia essential oils, including antimicrobial, antioxidant, anticholinesterase, improvement of 
cognitive performance and mood, reducing work-related stress, antimutagenic, anticancer, anti-inflammatory, choleretic activities [8]. 
  
            The present study aimed to evaluate the effect of larvicidal and impact on enzyme levels in the larval system properties of 
Salvia leucantha plant leaf aqueous, acetone and methanol plant leaf extract on the mosquito vector Anopheles stephensi, Aedes 
aegypti and Culex quinquefasciatus. 
 
2. Materials and Methods 
2.1. Plant material: S. leucantha was collected from Kothagiri, Nilgiri District, Tamil Nadu. The plant was identified at the Botanical 
Survey of India; the specimens were deposited at Zoology Department, Bharathiar University, Coimbatore, India 
(BSI/SRC/5.23/2017/Tech) and are available upon request. 
 
2.2. Preparation of extracts: The S. leucantha aqueous and crude extract was prepared by adding 20 g of leaves washed carefully 
with double-distilled water and shade-dried at room temperature (28±2 °C) for 2 days. The air-dried materials were powdered 
separately using a commercial electrical blender. The finely ground plant leaf material (5 g) was stored in a 300-ml Erlenmeyer flask 
filled with 100 ml of sterilized ((i) double-distilled water, (ii)100% Acetone and (iii)100% methanol) then the mixture was boiled for 5 
min, before decanting it. The extracts were filtered using Whatman filter paper no. 1, stored at −4 °C, and tested within 5 days. The 
filtrate was treated with aqueous and crude extract solution in an Erlenmeyer flask and incubated at room temperature. Aqueous and 
crude extract was used as a stock solution at the different concentration of (100 µg/mL to 500 µg/mL). The control was setup with the 
acetone and dechlorinated tap water. 
 
2.3. Mosquito-rearing: Standard experimental setup protocol used for Mosquitoes larvae cultures were maintained at the laboratory, 
Zoology lab, Bharathiar University, Coimbatore-641046, India. The eggs were cultured in the standard size of plastic containers filled 
with 1 litre tap water and waited for larval hatching. The starting stages of larvae were fed with a minimum amount of dog biscuits, 
and sucrose with honey solution food materials were given until reaching the final stage of larvae. 
 
2.4. Larvicidal toxicity:  An. stephensi, Ae. aegypti and Cx. quinquefasciatus were cultured and maintained and was done by the 
following method [9]. In the toxicity experiments, 25 numbers of IV instar mosquito larvae were exposed for 24 h in a conical flask 
occupied with 250 ml of distilled H2O with desired concentration of S. leucantha aqueous and crude extract (100, 200, 300, 400 and 
500 µg/mL). In each treatment, five replications were carried out, beside with negative controls. Death rated (%) was enumerating as 
follows: 
 

Mortality (%) = 
Number of dead individuals  

× 100 % 
Number of treated individuals 

 
2.5. Examination for the mechanism of S. leucantha aqueous and crude extract for mosquito larvicidal potential: We 
investigated the action of S. leucantha aqueous and crude extract on the performing of essential enzymes involved in the metabolism 
of mosquito larvae. The enzymes analysed were acetylcholinesterase, α- and β-carboxylesterase. All experiments were tested with 4 th 
larval instar of An. stephensi, Ae. aegypti and Cx. quinquefasciatus. 
 
2.5.1. Preparation of entire body homogenates: Biochemical and physiological changes were studied by biochemical experiments 
using the procedures outlined by WHO [10] with suitable modifications. S. leucantha aqueous and crude extract and before treated 
larval instar (50 individuals), after 24 h, were washed with double distilled water and their body surface was blotted with tissue paper 
to remove the adhering water. The larvae then were collected and homogenized in Eppendorf TM tubes using a Teflon hand 
homogenizer in 1ml of 0.05 phosphate buffer (pH 7.0) for eventual estimation of total proteins, Acetylcholinesterase, α- and β-
Carboxylesterase assay. The whole-body homogenates were centrifuged at 10,000 rpm for 10 mins at 4oC and the clear supernatants 
were kept at 4oC until usage for biochemical analysis. 
 
2.5.2. Determination of protein concentration: The proteins in the larval homogenates of the test and control were first precipitated 
by 80% ethanol [11] and the protein concentrations were estimated by the method [12].  
 
2.5.3. Acetylcholinesterase assays: Acetylcholinesterase activity in the entire body of control and test larval homogenate was 
spectrophotometrically calculated as per Wierenga and Hollingworth [13] with little alterations using ACh iodide as substrate. Even 
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each homogenate (200 µl) was mixed with 200 µl of sodium phosphate buffer (100 mM, pH 7.5). Continuously preincubation for 10 
min at 30oC, 50 µl of 10mM 5, 5-dithio-bis-(2- nitrobenzoate) and 50 µl of 12.5mM Acetylthiocholine iodide (ATCh) were added for 
a total volume of 1 ml. After incubation 5 min at normal temperature, the reaction was measured at absorbance at 400nm using UV-
3600 Shimadzu spectrophotometer. A measurement was noted at each 40 seconds for 10 min against suitable reagent blank. 
 
2.5.4. Carboxylesterase assays: The action of α- and β-Carboxylesterase in the larval homogenates was measured by the method [14] 
with appropriate alterations. In Brief, 200 µl of control and tested larval homogenate were incubated with 2ml of α- or β-naphthyl 
acetate solution for 30 min at normal temperature. To every reaction mixture, 500 µl of fast blue SDS reagent was added to 
discontinue the enzymatic reaction, and the colour was developing for 20 min at normal room temperature. The optical density of the 
sample was measured at 588 nm in the spectrophotometer against the specific reagent blank. 
 
2.6. Data analysis: The average mosquito larvicidal toxicity data were subjected to probit analysis. LC50 and LC90 were calculated 
using the method [15]. All data were analyzed using the SPSS Statistical Software Package version 16.0. A probability level of P<0.05 
was used for the significance of differences between values. 
 
3. Results and Discussion 
3.1. Toxic potential against larval and pupae of Aedes aegypti 
 Larvicidal potential of aqueous extract and crude extract (acetone and methanol) of Salvia leucantha plant leaf at various 
concentrations treatment such as 100, 200, 300, 400 and 500 µg/mL on larval IV instar stages of An. Stephensi, Ae. aegypti and Cx. 
quinquefasciatus is given in Table 1 to 6. The observed LC50 values of Salvia leucantha aqueous extracts against IV instar larvae of 
An. Stephensi, Ae. Aegypti and Cx. quinquefasciatus are 292.430 µg/mL, 352.123 µg/mL, and 249.814 µg/mL respectively are shown 
in Table 1 and 2. 
 
Table 1: Larvicidal activity of Salvia leucantha leaf aqueous extracts against IV instar larvae of An. stephensi, Ae. aegypti and 
Cx. quinquefasciatus at different concentration (µg/mL) 
 
 
 
 
 
 
 
 
 
The larval mortalities are expressed as mean±SD of five replicates.  
 
Table 2:  LC50, LC90, and other statistical analysis of Salvia leucantha aqueous extracts against IV instar larvae of An. 
Stephensi, Ae. aegypti and Cx. Quinquefasciatus 
 
 
 
 
 
 
 
 
 
 
 
 

Within a column means followed by the same letter(s) are not significantly different at 5% level by Duncan’s multiple range 
test. LFL - Lower Fiducidal Limit; UFL - Upper Fiducidal Limit.  x2, Chi-square value. *Significant at P< 0.05 level, n.s. = not 
significant (α=0.05). 
  

Species 
 

Larval mortality (%) (Mean±S.D) 
Concentration (µg/mL) 
100 200 300 400 500 

An. stephensi 27.5±1.01 36.8±1.56 51.1±2.74 63.4±1.84 75.6±2.19 

Ae. aegypti 22.4±1.23 30.8±1.27 41.5±1.90 55.2±2.01 69.9±1.24 

Cx. quinquefasciatus 30.1±1.37 46.3±1.59 56.7±2.12 66.5±1.02 79.2±1.54 

Species 
 

LC50 
(LC90) 

95% Confidence Limit 
LC50 (LC90) 

Regression 
equation 

χ2 

(d.f.=4) 
 

Lower Upper  

An. stephensi 
292.403 
(685.073) 

255.776 
(600.708) 

328.167 
(822.820) 

x= 0.003 
y= -0.954 

0.147 n.s  

Ae. aegypti 
352.123 
(752.297) 

316.296 
(655.083) 

394.480 
(913.926) 

x= 0.003 
y= -1.128 

0.442 n.s  

Cx. quinquefasciatus 
249.814 
(653.264) 

207.391 
(571.844) 

285.863 
(787.760) 

x=0.003 
y= -0.794 

0.570 n.s  
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 Table 3 and 4 results shows that acetone extract of Salvia leucantha plant leaf shows the larvicidal activity of IV instar stages 
of An. stephensi, Ae. aegypti and Cx. quinquefasciatus with LC50 values are 164.782 µg/mL, 138.996 µg/mL, 178.679 µg/mL 
respectively.  
 
Table 3: Larvicidal activity of Salvia leucantha acetone extracts against IV instar larvae of An. stephensi, Ae. aegypti and Cx. 
quinquefasciatus at different concentration (µg/mL) 
 
 
 
 
 
 
 
 
 
 
 The larval mortalities are expressed as mean±SD of five replicates.  
 
Table 4: LC50, LC90, and other statistical analysis of Salvia leucantha acetone extracts against IV instar larvae of An. stephensi, 
Ae. aegypti and Cx. Quinquefasciatus 
 
 
 
 
 
 
 
 
 
 
 
 

Within a column means followed by the same letter(s) are not significantly different at 5% level by Duncan’s multiple range 
test. LFL - Lower Fiducidal Limit; UFL - Upper Fiducidal Limit.  x2, Chi-square value. *Significant at P< 0.05 level, n.s. = not 
significant (α=0.05). 
 
 Table 4 and 5 shows that the Methanol extract of Salvia leucantha plant leaf shows the larvicidal activity of IV instar stages 
of An. Stephensi, Ae. aegypti and Cx. quinquefasciatus with LC50 values are 143.013 µg/mL, 124.215 µg/mL, 146.560 µg/mL 
respectively. 
 
Table 5: Larvicidal activity of Salvia leucantha methanol extracts against IV instar larvae of An. stephensi, Ae. aegypti and Cx. 
quinquefasciatus at different concentration (µg/mL) 
 
 
 
 
 
 
 
 
 
 
The larval mortalities are expressed as mean±SD of five replicates.  
 

Species 
 

Larval mortality (%) (Mean±S.D) 

Concentration ( µg/mL ) 
100 200 300 400 500 

An. stephensi 40.9±1.41 57.2±2.06 70.2±1.80 84.3±2.02 100±0.00 

Ae. aegypti 45.4±0.96 62.8±1.02 73.6±2.21 88.9±0.86 100±0.00 
Cx. quinquefasciatus 37.2±2.08 54.5±1.56 68.1±0.98 85.7±1.26 97.3±0.76 

Species 
 

LC50 (LC90) 
95% Confidence Limit  
LC50 (LC90) 

Regression 
equation 

χ2 

(d.f.=4) 
 

Lower Upper  

An. stephensi 
164.782 
(418.291) 

22.155 
(336.683) 

233.383 
(638.526) 

x= 0.005 
y= -0.833 

8.240 n.s  

Ae. aegypti 
138.996 
(390.693) 

6.187 
(319.503) 

203.066 
(557.191) 

x= 0.005 
y= -0.708 

6.348 n.s  

Cx. quinquefasciatus 
178.679 
(434.045) 

145.065 
(396.999) 

205.812 
(485.300) 

x=0.005 
y= -0.897 

2.700 n.s  

Species 
 

Larval mortality (%) (Mean±S.D) 

Concentration ( µg/mL ) 
100 200 300 400 500 

An. stephensi 42.9±2.08 62.4±1.51 77.2±1.98 86.1±0.64 100±0.00 

Ae. aegypti 47.6±0.88 65.3±1.42 79.6±1.98 92.4±2.12 100±0.00 
Cx. quinquefasciatus 45.3±2.56 58.8±1.36 73.6±2.50 89.1±1.06 100±0.00 
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Table 6: LC50, LC90, and other statistical analysis of Salvia leucantha methanol extracts against IV instar larvae of An. 
stephensi, Ae. aegypti and Cx. quinquefasciatus 
 
 
 
 
 
 
 
 
 
 
 
 

Within a column means followed by the same letter(s) are not significantly different at 5% level by Duncan’s multiple range 
test. LFL - Lower Fiducidal Limit; UFL - Upper Fiducidal Limit.  x2, Chi-square value. *Significant at P< 0.05 level, n.s. = not 
significant (α=0.05). 
 
 These results are in agreement with previous research by [16] analyzing the field efficacy of biopesticides in tsunami-affected 
areas of India, which reported strong reduction, or even eradication, of larval populations of several mosquito vectors. A portion 
subordinate impact was found as recently announced [17], [18] be featured for other plant-borne mosquitocidals. Furthermore, plant-
borne molecules may also act as inhibitors of neurosecretory cells, and/or can act directly on epidermal cells responsible for the 
production of enzymes leading tanning and/or cuticular oxidation process [19]. The ethanol extract of Citrus sinensis showed LC50 and 
LC90 values 320.38 and 524.57 ppm against Ae. aegypti adults [20].  For instance, aqueous leaf extract of Nerium oleander exhibited 
dose-dependent larval toxicity against An. Stephensi [21].  Another study observed high mortality rates in larvae of Ae. aegypti 
exposed to methanol extract of the seaweed Gracilaria firma [22]. 
 
3.2. The biological mechanism of toxicity potential on Mosquito larvae 
 The larvicidal effects of aqueous extract and crude extract (acetone and methanol) of Salvia leucantha plant leaf, their 
functional activity on the biochemical components of the 4th instar larvae of An. Stephensi, Ae. aegypti and Cx. quinquefasciatus were 
analyzed. In general, it was determined that the tested representative samples give rise to different variations in normal biochemical 
components enzymes for fastly and slowly increase or reduce level activity as compared to control (Fig. 1). For this, the study 
elevated the effect of aqueous extract and crude extract (acetone and methanol) of Salvia leucantha plant leaf on different enzymes 
involved in the biological activity of the 4th instar larvae of An. Stephensi, Ae. aegypti and Cx. quinquefasciatus. It involves the 
estimation of total protein, acetylcholinesterase, α -and β-carboxylesterase. 
 
 The exposure of the 4th instar larvae of An. Stephensi, Ae. aegypti and Cx. quinquefasciatus to aqueous extract and crude 
extract (acetone and methanol) of Salvia leucantha plant leaf for 24 h significantly reduce the total protein level of An. Stephensi 4th 
instar value of control 2.5, aqueous extract 1.8, Acetone extract 1.3 and methanol extract 1.2 mg protein/ml, Ae. aegypti 4th instar 
value of control 2.3, aqueous extract 1.5, Acetone extract 1.2 and methanol extract 1.3 mg protein/ml and Cx. quinquefasciatus 4th 
instar value of control 1.8, aqueous extract 1.4, Acetone extract 0.9 and methanol extract 0.8 mg protein/ml of homogenate, 
respectively (Fig. 1A). 
 Besides, the level of acetylcholinesterase activity in the control larvae of An. Stephensi was 2.1 μM ACT/mg/min (4th instar) 
respectively, and it significantly decreased to aqueous extract 1.9, Acetone extract 1.63 and methanol extract 1.57 μM ACT/mg/min, 
respectively. The control larvae of Ae. aegypti was 1.8 μM ACT/mg/min (4th instar) respectively, and it significantly decreased to 
aqueous extract 1.6, Acetone extract 1.38 and methanol extract 1.2 μM ACT/mg/min, respectively and also 4th instar of Cx. 
Quinquefasciatus 2.03 (control), 1.181 (aqueous extract), 1.59 (acetone extract) and 1.41 μM ACT/mg/min (methanol 
extract) respectively in the larvae exposed to aqueous extract and crude extract (acetone and methanol) of Salvia leucantha plant leaf 
for 24 h (Fig. 1B) 
 
  

Species 
 

LC50 (LC90) 
95% Confidence Limit 
 LC50 (LC90) 

Regression 
equation 

χ2 

(d.f.=4) 
 

Lower Upper  

An. stephensi 
143.013 
(393.259) 

17.814 
(323.098) 

205.566 
(553.109) 

x= 0.005 
y= -0.732 

6.186 n.s  

Ae. aegypti 
124.215 
(359.152) 

84.072 
(327.322) 

154.207 
(402.678) 

x= 0.005 
y= -0.678 

3.451 n.s  

Cx. quinquefasciatus 
146.560 
(392.903) 

22.497 
(322.107) 

208.852 
(557.108) 

x=0.005 
y= -0.762 

6.460 n.s  
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Figure 6: Biochemical analysis of aqueous extract and crude extract (acetone and methanol) of Salvia leucantha plant leaf 
treated and untreated (Control) of 4th instars larvae of An. Stephensi, Ae. aegypti and Cx. quinquefasciatus showing differential 
response on total protein, acetylcholine esterase, α- and β- carboxylesterase. 
 
 A similar effect was also observed with α-carboxylesterase, wherein its activity decreased from 4th instar 0.41 (control) to 
0.39 (aqueous extract), 0.34 (acetone extract) and 0.33 μM α-naphthol released/mg/min (methanol extract), respectively on An. 
Stephensi. The control larvae of Ae. aegypti was 0.4 μM α-naphthol released/mg/min (4th instar) respectively, and it significantly 
decreased to aqueous extract 0.38, Acetone extract 0.35 and methanol extract 0.34 μM α-naphthol released/mg/min (methanol extract), 
respectively and also decreased from 4th instar 0.43 (control) to 0.41 (aqueous extract), 0.38 (acetone extract) and 0.36 μM α-naphthol 
released/mg/min (methanol extract), respectively on Cx. quinquefasciatus (Fig. 1C). 
 
 On the other hand, a slight, but insignificant, reduction in the level of β -carboxylesterase activity was detected in aqueous 
extract and crude extract (acetone and methanol) of Salvia leucantha plant leaf exposed larvae of An. Stephensi, Ae. aegypti and Cx. 
quinquefasciatus in which it declined from 4th instar 0.68,0.68 and 0.69 μM β-naphthol (control) to 0.65,0.64 and 0.65 μM β-naphthol 
(aqueous extract), 0.56, 0.56 and 0.5 (acetone extract), 0.52, 0.54 and 0.48 μM β-naphthol released/mg/min (methanol extract), 
respectively (Figure 1D). 
 
 In these findings, the protein metabolism in the larvae of An. Stephensi, Ae. aegypti and Cx. quinquefasciatus exposed to 
crude extract (acetone and methanol) of S. leucantha plant was found to be evident for a high reduction in the level of total protein in 
the larval homogenates when compared to the aqueous extract. Earlier studies, reported that aqueous extract of the kernel from the 
soapnut with proven anti-mosquito activity and also were found to notably decrease the levels of acetylcholinesterase and 
carboxylesterase in the larvae of Mosquitoes [23], [24].  Recently, studies reported that the 4th instar larvae of Ae. albopictus and Cx. 
pipiens pallens showed to the synthesis of silver nanoparticles from aqueous extracts of C. fistula significantly reduced total protein, 
acetylcholinesterase, α - and β -carboxylesterase enzymes compared to control [25]. 
 
4. Conclusions 
 Over all in this research concludes aqueous extract and crude extract (acetone and methanol) of Salvia leucantha plant leaf 
were high larvicidal efficacy against An. Stephensi, Ae. aegypti and Cx. Quinquefasciatus and also our research found that different 
enzymes, the level was reduced in the larval system and S. leucantha aqueous and crude extract were new possible applications in the 
field of mosquito larvae such as the mechanism of the death. Finally, our outcomes recommend that the S. leucantha plant leaf extract 
proved to be a good anti-mosquitocidal activity agent. 
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