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Abstract 

Mosquitoes are responsible for the intolerable biting nuisance and the transmission of a large number of diseases, 

such as malaria, yellow fever, dengue, filariasis, chikungunya. Many studies on plant extracts against mosquito 

larvae have been conducted around the world. The present study were conducted in order to determine the 

phytochemical analysis, larval and pupal toxicity, ovicidal activity of Malvastrum coromandelianum and 

Mimusops elengi methanolic leaf extract against the dengue vector, Aedes aegypti. Phytochemical analysis of M. 

coromandelianum methanolic leaf extract revealed the presence of alkaloids, flavonoids, phenols, tannins, 

proteins, carbohydrates, steroids, triterpenoids and M. elengi leaf extract contains alkaloids, flavonoids, phenols, 

carbohydrates, steroids, triterpenoids and saponins. GC/MS analysis identified at least 25 bioactive compounds 

in the M. coromandelianum methanolic leaf extract and 10 bioactive compounds in M. elengi methanolic leaf 

extract. In mosquitocidal bio-assay, LC50 of M. coromandelianum leaf methanol extract against Aedes aegypti 

larvae and pupae were 378.59 ppm (larva I), 404.42 ppm (II), 415.35 ppm (III), 486.01 ppm (IV), and 509.59 

ppm (pupa). LC50 of M. elengi were 345.31 ppm (I), 389.62 ppm (II), 417.41 ppm (III), 467.33 ppm (IV), and 

499.17 ppm (pupa). In ovicidal assay, egg hatchability was reduced by 100% after treatment with 400 ppm of M. 

coromandelianum and M. elengi. Overall, our results highlighted that M. coromandelianum and M. elengi could 

be useful candidates to develop bio-formulated mosquitocidal effective against dengue vector, Ae. Aegypti. 
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Introduction 

Mosquitoes are important vectors of aggressive pathogens and bloodsuckers, which may hit as pandemics or 

epidemics in the accelerating world populations of humans and animals [1, 2, 3]. Emergence and re-emergence of 

contagious diseases is a major public health concern worldwide. Presently Zika virus, an Aedes mosquito- borne 

flavivirus, is a new arboviral hazard, exhibiting suspected association with over 4000 recent cases of 

microcephaly among newborn babies in Brazil [4, 5]. Most of these dengue vector species are common in natural 

and artificial containers such as gutters, pools, septic tanks, tree holes, leaf axils, fruit peels, discarded tires, 

water jars, old boats and others [6]. The number of dengue cases reported by WHO increased over 8 fold over the 

last two decades, from 505,430 cases in 2000, to over 2.4 million in 2010, and 5.2 million in 2019. Reported 

deaths between the year 2000 and 2015 increased from 960 to 4032, affecting mostly the younger age groups. 

The total number of cases seemingly decreased during years 2020 and 2021, as well as for reported deaths. 

However, the data is not yet complete and COVID-19 pandemic might have also hampered case reporting in 

several countries. With the introduction of organic insecticides in the 1940s, chemical control became the most 

popular approach for controlling mosquitoes [7]. Long term exposure to the chemical insecticides will lead to 

selecting mutation, conferring a level of resistance to chemical insecticides and indeed the insecticide-resistance 

population of mosquitoes [8]. Biological products such as plant extracts offer boundless possibilities for a new 

phytochemical discovery due to the higher availability of a vast range of chemicals and environmental friendly 

approach as compared to synthetic insecticides [9]. Furthermore, many plant extracts rich in antioxidants have 

been reported as effective against different species of mosquito vectors, acting as ovicides [10], larvicides, and 

pupicides [11, 12] [13], adulticides [14], oviposition deterrents [15], growth and/or reproduction inhibitors, and/or adult 

repellents [16]. Antioxidant phytochemicals protect our cells from damage caused by free radicals. Among them, 

alkaloids, saponins, anthraquinones, tannins, and flavonoids are important scavengers, acting as antioxidants 

against free radicals [17, 18, 19]. The antioxidant activity is important in malaria treatment since oxidative stress 

normally follows malaria infection. This is due to elevated production of reactive oxygen species [20]. 

Malvastrum coromandelianum (L.) Garcke (family Malvaceae), commonly known as false mallow, broom 

weed, and clock plant. Various parts of this plant are used by numerous tribal populations throughout the world. 

Mexican Kickapoo Indians use the crushed leaves of this herb along with salt or alcohol to cure ringworm 

infection [21]. Bhil tribes of Rajasthan use this plant in the form of decoction to cure jaundice [22]. In Mexico, leaf 
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infusion of this plant is used to cure diabetes [23]. In traditional Indian system of medicine, this plant reports anti-

inflammatory, analgesic, and antidysenteric properties [24, 25, 26]. Pharmacological screening showed various 

activities for this plant like antinociceptive [27], anti-inflammatory, and analgesic activity [28] and antimicrobial 

activity [29, 30, 31]. Mimusops elengi (an evergreen tree of 30 feet tall, with a greyish brown fissured bark, wavy 

and dull green leaves, oblong berry fruit and creamy fragrant flowers) an Indian native plant used for a long time 

in the history of the medicine is a member of family Sapotaceae distributed in tropical and subtropical regions [32, 

33, 34]. This plant is well studied because of its high potential medicinal value and is known to possess various 

phytochemicals such as gallic acid esters, flavones, triterpenoids and steroids. The volatile constituents of the 

flowers have also been reported [35]. M. elengi is well documented for several medicinal properties like antino-

ciceptive, diuretic effects, gastro-protective, antibacterial, antifungal, anti-carcinogenic, free radical scavenging, 

antihyper-glycemic etc. Due to this since several decades it is being focused for its chemical composition [36]. 

These phytochemicals may also have a mosquitocidal potential. Concerning other insect pests, Momordica 

charantia demonstrated toxicity against Ae. aegypti larvae, thus confirming the efficacy of this species has a 

source of active natural plant products and its importance as a potential new larvicide for controlling the 

mosquito vector of dengue virus, zika, chikungunya, and urban yellow fever [37]. In the present research work, we 

investigated the preliminary phytochemical analysis of leaf methanolic extracts of M. coromandelianum and M. 

elengi and evaluated the bioactive compounds using Gas chromatography–mass spectrometry (GC-MS). 

Furthermore we investigated the larval and pupal toxicity and ovicidal activity of methanolic leaf extract of M. 

coromandelianum and M. elengi against the dengue vector, Ae. aegypti. 

 

Materials and methods 

Collection and Preparation of Plant Extracts 

M. coromandelianum and M. elengi leaves were collected from Tamil Nadu Agricultural University (TNAU), 

Coimbatore. The freshly collected leaves were thoroughly washed in running tap water and rinsed in distilled 

water before cutting into small bits, then shade-dried at room temperature for 10 days, powdered using 

laboratory blender and preserved in 1000 mL air tight bottle. The dried powdered leaves of each plant were 

extracted with methanol using soxhlet apparatus. After effective extraction solvents were concentrated using 

rotary vacuum evaporator under reduced pressure. The crude extracts were weighed and its percentage yield was 

recorded. One gram of the plant residue was dissolved in 100 mL of acetone (fixative agent to separate the 

aqueous impurities altering the chemical composition of plant crude extract) and considered as 1 % stock 

solution. From this stock solution, experimental concentrations were prepared. 

 

Preliminary studies on phytochemical screening 

The qualitative phytochemical screening of M. coromandelianum and M. elengi extracts standard procedures 

were followed to trace out the presence of active biomolecules i.e. Alkaloids, Saponins, Flavonoids, Steroids, 

Terpenoids, Tannins, Phenols, Carbohydrates and Proteins by Harborne (1973) [38], Trease and Evans (1989) [39] 

and Sofowara (1993) [40]. 

 

Gas chromatography-mass spectrometry (GC–MS) analysis 

GC–MS analyses of M. coromandelianum and M. elengi leaf extracts was carried out using the Perkin-Elmer 

Clarus 680 system (Perkin-Elmer, Inc. U.S.A) equipped with a fused silica column, packed with Elite-5MS) 

capillary column (30 m in length×250 μm in diameter×0.25 μm in thickness). Pure helium gas (99.99%) was 

used as the carrier gas at a constant flow rate of 1 mL/min. For GC– MS spectral detection, an electron 

ionization energy method was adopted with high ionization energy of 70 eV (electron Volts) with 0.2 s of scan 

time and fragments ranging from 40 to 600 m/z. The injection quantity of 1 μL was used (split ratio 10:1), and 

the injector temperature was maintained at 250 °C (constant). The column oven temperature was set at 50 °C for 

3 min, raised at 10 °C per min up to 280 °C, and final temperature was increased to 300 °C for 10 min. Te 

contents of phytochemicals present in the test samples were identified based on comparison of their retention 

time (min), peak area, peak height and mass spectral patterns with those spectral database. 

 

Aedes aegypti mosquito rearing 

Eggs of A. aegypti were provided by the National Centre for Disease Control (NCDC) field station of 

Mettupalayam (Tamil Nadu, India). Eggs were transferred to laboratory conditions [27 ± 2 °C, 75–85% R.H., 

14:10(L/D) photoperiod] and placed in 18 × 13 × 4-cm plastic containers containing 500 ml of tap water for 

hatching. Larvae were fed daily with a mixture of dog biscuits (Pedigree, USA) and hydrolyzed yeast (Sigma-

Aldrich, Germany) at 3:1 (w/w) ratio. Larvae and pupae were collected, transferred to glass beakers filled with 

500 ml of dechlorinated water, and tested in subsequent experiments [41]. 

 

Larvicidal and pupicidal toxicity in laboratory conditions  

Twenty-five A. aegypti larvae (I, II, III, or IV instars) or pupae were placed for 24 h in a glass beaker filled with 

250 ml of dechlorinated water plus the desired concentration of M. coromandelianum and M. elengi methanolic 

leaf extract separately (100, 200, 300, 400, and 500 ppm). Larval food (0.5 mg) was provided for each tested 

concentration [42]. Each concentration was replicated five times against all instars.  
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Control mosquitoes were exposed for 24 h to the corresponding concentration of the solvent. Percentage 

mortality was calculated as follows: 

 

Percentage mortality = (number of dead individuals / number of treated individuals) × 100 

 

Ovicidal activity 

Following Su and Mulla (1998) [43], in ovicidal activity experiments, A. aegypti eggs were collected placing 

ovitraps (i.e. Petri dishes, diameter 60 mm, lined with filter paper and containing 100 ml of water) inside each 

cage. Ovitraps were stored in the cages for 2 days from the blood meal of females. The eggs laid on filter paper 

lining were examined using a photomicroscope (Leica ES2, Germany). Then, the eggs were placed in a cage 

with six glass cups (diameter: 6 cm). Five of them were filled with water plus the M. coromandelianum and M. 

elengi methanol extract doses as follows: 100, 150, 200, 250 and 300 ppm (extract). The control cup was filled 

with distilled water. 100 eggs were placed in each cup. Five replicates were done for each dosage. After 

treatment, the eggs from each concentration were transferred to distilled water cups for hatching assessment after 

counting the eggs under microscope. The percent egg mortality was calculated on the basis of non-hatchability of 

eggs with unopened opercula [44]. The hatch rates were assessed 48 h post-treatment using the following formula 
[41]: 

 

Egg mortality % = (number of hatched larvae / total number of eggs) × 100 

 

Data analysis 

SPSS software package 16.0 version was used for all analyses. Mosquito toxicity data from laboratory assays 

and bacteria inhibition growth data were transformed into arcsine/proportion values and then analyzed using a 

two-way ANOVA with two factors (i.e., dosage and mosquito instar). Means were separated by Tukey's HSD 

test. Furthermore, mosquito mortality data from laboratory assays were analyzed by probit analysis, calculating 

LC50 and LC90 following the method by Finney (1971). Ovicidal data were transformed into arcsine √proportion 

values and analyzed by ANOVA with two factors (i.e. dose and species). Means were separated using Tukey's 

HSD test (P < 0.05). 

 

Results and Discussion 

Phytochemical screening of M. coromandelianum and M. elengi 

The methanolic leaf extracted was subjected to various chemical tests for the detection of secondary plant 

metabolites. The results have revealed that the M. coromandelianum presence of medicinally active constituents 

such as alkaloids, flavonoids, phenols, tannins, proteins, carbohydrates, steroids, triterpenoids and M. elengi leaf 

extract contains alkaloids, flavonoids, phenols, carbohydrates, steroids, triterpenoids and saponins were reported 

from leaves (Table 1). Similarly, Kalaiselvi et al., (2016) [45] reported the phytochemical screening was carried 

out the M. elengi to detect the active constituents such as alkaloids, flavonoids, terpenoids, steroids, tannins, 

saponins, phenols, carbohydrates, proteins and aminoacid, fixed oil and fat. Later on, Vadivelan et al., (2021) [46] 

reported the preliminary phytochemical studies confirmed the presence of alkaloid, carbohydrate, glycoside, 

protein, tannin, flavonoid, triterpenoid and phenol. Saxena and Rao, (2018) [47] highlighted the bioactive 

phytoconstituents categorized under steroids, alkaloids, phenols, fatty acids, flavonoids, vitamins and terpenes 

are presented the M. coromandelianum extract. Recently, Soundatti et al., (2021) [48] reported that the 

phytochemicals analyses of M. coromandelianum leaf extract, the presence of alkaloids, carbohydrates, saponins, 

cardiac glycosides, steroids, tannins and proteins. 

 

Gas chromatography-mass spectrometry (GC–MS) analysis of M. coromandelianum methanolic leaf 

extract 

The GC–MS chromatogram of methanolic leaf extract of M. coromandelianum recorded a total of 25 peaks 

corresponding to the bioactive compounds that were recognized by relating their peak retention time, different 

peak areas (%) and mass spectral fragmentation patterns (Figure 1). Results of M. coromandelianum methanolic 

leaf extract identified 25 compounds (Table 2). The phytoconstituents in the methanolic leaf extract of M. 

coromandelianum were found to be sabinene, limonene, caryophyllene, naphthalene, ethyl vinyl carbinol, 

cedrene-V6, 1h-cyclopenta [1, 3] cyclopropa [1, 2] benzene, bicyclogermacrene, naphthalene, spathulenol, oxalic 

acid, ledol, 2-Hydrazinopyridine, bicyclo [3.1.1] heptanes, 2-Phthalic acid, isobutyl nonyl ester, phenanthrene, 7-

Etheny, phytol, caryophyllene oxide, 1-Phenanthrenecarboxylic acid, propiophenone, ZINC561731, orthocresol, 

dimethyl{bis[(3-methylbut-2-en-1, squalene, 2,2,2-Trifluoroethyl methacrylate. Similarly, Konappa et al., (2020) 
[49] have reported that GC–MS chromatogram of methanol and ethyl acetate leaf extracts of A. nilgiricum 

recorded a total of 15 peaks corresponding to the bioactive compounds that were recognized by relating their 

peak retention time, peak area (%), height (%) and mass spectral fragmentation patterns to that of the known 

compounds described by the National Institute of Standards and Technology (NIST) library. In earlier, Saxena 

and Rao (2018) [47] highlighted the GC-MS analysis of leaf extract of M. coromandelianum revealed that, a total 

of 29 bioactive compounds belonging to sterols, terpenes, phenols, vitamins, flavonoids, fatty acids, etc., and are 

presented with retention time, molecular weight, molecular formula and peak area in percentage. 
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Gas chromatography-mass spectrometry (GC–MS) analysis of M. elengi methanolic leaf extract 

The GC–MS chromatogram of methanolic leaf extract of M. elengi recorded a total of 10 peaks corresponding to 

the bioactive compounds that were recognized by relating their peak retention time, different peak area (%) and 

mass spectral fragmentation patterns (Figure 2). Results of M. elengi methanolic leaf extract identified 10 

compounds (Table 3). The phytochemical constituents in the methanolic leaf extract of M. elengi were found to 

be oxirane, (2, 2-dimethylpropyl)-. propanoic acid, 2-methyl-2-(3-pentadecylphenoxy)-,5-Eicosyne, Phthalic 

acid, inositol, stigmasterol, squalene, 2(1H) Naphthalenone 3,5,6,7,8,8a-hexahydro-4,8a-dimethyl-6-(1-

methylethenyl)-, 2,6,10,15,19,23-Hexamethyl-tetracosa-2,10,14,18,22-pentaene-6,7- diol and alpha-tochopherol. 

Similarly, Azhagumurugan and Rajan (2014) [50] detected nine compounds in the ethanolic extract of Mimusops 

elengi leaves. Among the identified phytochemicals, Stearic acid, 3-(octadecyloxy) propylester, Pregnane-

3,11,12,14,20 – Phenol,3,12,20-triacetate, 11-(hydroxyacetate), (3a,11a,12a,14a), Hexadecanoic acid, methyl 

ester, 10-Octadecenoic acid, methyl ester and Squalene were antihelminthic and antibacterial, antifungal and 

anticancerous activity of the leaf extract. Thus, this type of GC-MS analysis is the first step towards 

understanding the nature of active principles in this medicinal plants and this type of study will be helpful for 

further detailed study. 

 

Larval and pupal toxicity against dengue vector, Ae. aegypti 

In laboratory conditions, the methanolic leaf extract of M. coromandelianum showed toxicity against larvae and 

pupae of Ae. aegypti. A dose-dependent effect was found, in agreement with previous evidences on other plant 

extracts [51, 52, 53]. The LC50 (LC90) values of M. coromandelianum were 378.59 (814.28) ppm (larva I), 404.42 

(845.51) ppm (II), 415.35 (909.57) ppm (III), 486.01 (980.57) ppm (IV), and 509.59 (999.14) ppm (pupa) (Table 

4). The larvicidal activity of the M. coromandelianum leaf extract may be linked with the presence of the 

botanical compounds identified by GC/MS analysis, which primarily affect the midgut epithelium and 

secondarily affect the gastric ceaca and the malpighian tubules in mosquito larvae [54]. Previously, Yadav et al., 

(2014) [55] highlighted the moderate larval mortality in M. coromandelianum and A. scholaris plant 

extracts. Nazar et al., (2009) [56] has reported similar mortality rate in methanolic leaf extract of M. 

coromandelianum against Cx. quinquefasciatus larvae. Kaushik and Saini (2009) [57] while screening some plants 

for larvicidal activity against Ae. aegypti, found that acetone extract of A. scholaris showed its efficacy with the 

LC50 value of 239.9 ppm. The LC50 (LC90) values of M. elengi were 345.31 (747.11) ppm (larva I), 389.62 

(813.36) ppm (II), 417.41 (910.76) ppm (III), 467.33 (959.52) ppm (IV), and 499.17 (966.49) ppm (pupa) (Table 

5). Rajkumar and Jebanesan (2008) [58] found that 0.01, 0.025, 0.05, 0.075 and 0.1 % ethanolic leaf extract 

of Solanum trilobatum reduced egg laying in An. stephensi, from 18–99% in treated containers. Many plants 

from different families possess promising phytochemicals for mosquito control which are much economical and 

environmental friendly Sivagnaname and Kalyanasundaram (2004) [59]. These phytochemicals like phenolics, 

alkaloids and terpenoids exist in plants extracts may jointly or independently contribute to the mosquitoes as 

larvicidal/oviposition deterrents/ repellents. 

 

Ovicidal activity  

In ovicidal experiments, egg hatchability of Ae. aegypti was reduced after treatment of M.coromandelianum and 

M.elengi extract exerted 100% mortality post-treatment with 400 ppm, while control eggs showed the 100% 

hatchability (Table 6). To the best of our knowledge, little efforts have been carried out to shed light on ovicidal 

properties of plant extracts. Similarly, Shehata et al., (2020) [60] studied the hatchability of those eggs was 

subsequently reduced from 94.9% in the control to 59.4% and 34.8% at 25 and 50 ppm concentrations of 

Pulicaria jaubertii extract. Furthermore, the leaf extracts of Cyathocline purpurea, Blumea lacera, Neanotis 

lancifolia, and Neanotis montholonii have ovicidal activity. Extract of all the plants caused 70–90% mortality at 

higher concentrations Torawane et al., (2021) [61]. Moreover, the ovicidal activity of methanolic root extract of R. 

cordifolia was the most potent compared to other with 82.40% and 70.40% activity against the eggs of Cx. 

quinquefasciatus and Ae. aegypti, at 500 mg/L, as reported by Munusamy et al., (2016) [62]. 

 

Table 1: Phytochemical screening of Malvastrum coromandelianum and Mimusops elengi methanol extract 
 

Phytochemicals M. coromandelianum Mimusops elengi 

Alkaloids + ++ 

Flavonoids + ++ 

Phenols + ++ 

Tannins + - 

Saponin - + 

Triterpenoids + + 

Steroids + + 

Proteins ++ ++ 

Carbohydrates ++ ++ 
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Table 2: Chemical composition of Malvastrum coromandelianum methanol extract 
 

S. No. RT (min) Name of the Compound Molecular Formula 
Molecular weight 

g/mol 
Area % 

1. 4.420 Sabinene C10H16 136.23 1.33 

2. 5.253 Limonene C10H16 136.23 1.44 

3. 10.486 Caryophyllene C15H24 204.357 1.47 

4. 10.597 Naphthalene C10H8 128.1705 0.54 

5. 10.753 Ethyl vinyl carbinol C5H10O 86.13 0.51 

6. 11.053 Cedrene-V6 C15H24 204.35 0.44 

7. 11.153 1h-cyclopenta[1,3]cyclopropa[1,2]benzene C10H8 128.17 3.20 

8. 11.308 Bicyclogermacrene C15H24 204.35 1.72 

9. 11.508 Naphthalene C10H8 128.1705 0.65 

10. 12.164 Spathulenol C15H24O 220.35 0.75 

11. 12.530 Oxalic acid C18H34O4 314.5 1.53 

12. 12.641 Ledol C15H26O 222.37 1.39 

13. 13.208 2-Hydrazinopyridine C5H7N3 109.13 0.46 

14. 14.463 Bicyclo[3.1.1]heptane C10H18 138.25 1.07 

15. 15.508 2 Phthalic acid, isobutyl nonyl ester C21H32O4 348.5 0.69 

16. 16.141 Phenanthrene, 7-ethenyl C20H32 272.5 1.42 

17. 16.707 Phytol C20H40O 296.53 0.56 

18. 18.107 Caryophyllene oxide C15H24O 220.35 0.99 

19. 18.429 1-Phenanthrenecarboxylic acid C15H10O2 222.24 29.44 

20 19.185 Propiophenone C9H10O 134.18 35.39 

21 19.296 ZINC561731 C15H15NOS 257.4 5.04 

22 19.952 Orthocresol CH₃C₆H₄ 108.14 0.47 

23 20.785 Dimethyl {bis[(3-methylbut-2-en-1... C12H24O2Si 228.40 0.63 

24 21.418 Squalene C₃₀H₅₀ 410.73 8.39 

25 22.207 2,2,2-Trifluoroethyl methacrylate C6H7F3O2 168.11 0.48 

 

Table 3: Chemical composition of Mimusops elengi methanol extract 
 

S. No. RT (min) Name of the Compound 
Molecular 

Formula 

Molecular 

weight g/mol 
Area % 

1. 10.842 Oxirane, (2,2-dimethylpropyl)- C7H14O 114.19 5.14 

2. 12.553 Propanoic acid, 2-methyl-2-(3- entadecylphenoxy)- C25H42O3 390.6 1.95 

3. 14.463 5-Eicosyne C20H38 278.5 1.99 

4. 15.497 Phthalic acid H2C8H4O4 166.13 7.04 

5. 16.141 inositol C6H12O6 180.15 4.28 

6. 18.952 Stigmasterol C29H48O 412.70 3.98 

7. 21.429 Squalene C₃₀H₅₀ 410.73 55.38 

8. 22.285 
2(1H)Naphthalenone, 3,5,6,7,8,8a-hexahydro-4,8a-

dimethyl-6-(1-methylethenyl)- 
C15H22O 218.33 8.23 

9. 23.351 
2,6,10,15,19,23-Hexamethyl-tetracosa-2,10,14,18,22-

pentaene-6,7-diol 
C30H52O2 444.7 9.01 

10. 23.496 alpha-tochopherol C29H50O2 430.7 2.98 

 

Table 4: Larvicidal and pupicidal toxicity of M. coromandelianum methanolic extract against dengue vector, 

Aedes aegypti 
 

Target 
LC50 

(LC90) 

95% Confidence Limit 
Regression 

equation 

x2 

(d.f. = 4) 
LC 50 (LC90) 

LCL UCL 

I instar 378.59 (814.28) 338.88 (698.15) 430.15 (1017.51)  y = -1.114+0.144x 0.408 n.s 

II instar 404.42 (845.51) 362.36 (721.65) 462.95 (1065.01) y = -1.175+0.145x 0.316 n.s 

III instar 415.35 (909.57) 367.81 (759.81) 486.41 (1194.85) y = -1.077+0.144x 3.721 n.s 

IV instar 486.01 (980.57) 428.23 (812.41) 584.18 (1308.25) y = -1.259+0.150x 0.701 n.s 

Pupa 509.59 (999.14) 999.14 (826.52) 584.18 (1308.25) y = -1.334+0.154x 1.361 n.s 

LC50 = lethal concentration that kills 50% of the exposed organisms 

LC90 = lethal concentration that kills 90% of the exposed organisms 

LCL = Lower Confidence Limit 

UCL = Upper Confidence Limit 

χ2 = chi-square; n.s. = not significant (α = 0.05 



International Journal of Entomology Research  www.entomologyjournals.com 

176 

 
 

Fig 1: GCMS spectrum of M. coromandelianum methanolic leaf extract 

 

Table 5: Larvicidal and pupicidal toxicity of M. elengi methanol extract against dengue vector, Aedes aegypti 
 

Target 
LC50 and 

(LC90) 

95% confidence Limit 

Regression equation 
x2 

(d.f. = 4) 
LC 50 (LC90) 

LCL UCL 

I instar 345.31 (747.11) 309.46 (650.51) 386.79 (908.03) y = -1.101+0.143x 0.580 n.s 

II instar 389.62 (813.36) 350.17 (699.77) 441.93 (1009.52) y = -1.178+0.145x 0.119 n.s 

III instar 417.41 (910.76) 369.73 (761.03) 448.92 (1195.98) y = -1.084+0.144x 2.811 n.s 

IV instar 467.33 (959.52) 412.93 (797.48) 557.06 (1272.45) y = -1.217+0.149x 1.666 n.s 

Pupa 499.17 (966.49) 441.70 (807.28) 595.88 (1268.40) y = -1.369+0.154x 1.047 n.s 

LC50 = lethal concentration that kills 50% of the exposed organisms 

LC90 = lethal concentration that kills 90% of the exposed organisms 

LCL = Lower Confidence Limit 

UCL = Upper Confidence Limit 

χ2 = chi-square; n.s. = not significant (α = 0.05) 
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Fig 2: GCMS spectrum of M. elengi methanolic leaf extract 

 

Table 6: Ovicidal activity of M. coromandelianum and M. elengi leaf extracts against dengue vector, Aedes 

aegypti 
 

Treatment 

Percentage of egg hatchability 

Concentrations (ppm) 

Control 100 200 300 400 500 

M. coromandelianum 99.8±0.3 52.8±0.2 32.4±0.8 15.3±0.9 NH NH 

M. elengi 99.2±0.0 44.5±0.8 20.6±0.3 12.1±0.7 NH NH 

Values were means±SD of five replicates. 

NH-No hatchability (100% mortality)  
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Conclusion 

In this study, the GC-MS analysis of the chemical compounds used for the phytochemical compounds was 

identified in the M. coromandelianum and M. elengi leaf extracts. The methanolic leaf extract of M. 

coromandelianum and M. elengi were the most potential against the eggs and larvae of dengue vector, Ae. 

aegypti. The results suggest that methanolic leaf extract of M. coromandelianum and M. elengi can be probed 

further for effective mosquito vector control programme. 

 

Acknowledgements 

The authors are thankful to Professor and Head, P.G. Research Department of Zoology, Nirmala College for 

Women, Coimbatore for laboratory facilities provided. 

 

References 

1. Mehlhorn H, Al-Rasheid KA, Al-Quraishy S, Abdel-Ghaffar F. Research and increase of expertise in 

arachno-entomology are urgently needed. Parasitology Research,2012:110(1):259-265. 

2. Benelli G, Pavela R, Canale A, Mehlhorn H. Tick repellents and acaricides of botanical origin: a green 

roadmap to control tick-borne diseases?. Parasitology Research,2016a:115(7):2545-2560. 

3. Benelli G, Lo Iacono A, Canale A, Mehlhorn H. Mosquito vectors and the spread of cancer: an overlooked 

connection?. Parasitology Research,2016b:115(6):2131-2137. 

4. Benelli G, Mehlhorn H. Declining malaria, rising dengue and Zika virus: insights for mosquito vector 

control. Parasitology Research,2016:115:1747-1754.  

5. Fauci AS, Morens DM. Zika virus in the Americas—yet another arbovirus threat. New England journal of 

medicine,2016:374(7):601-604. 

6. Burkett-Cadena ND. Mosquitoes of the southeastern United States. University of Alabama Press, 2013, 29. 

7. Yap HH, Zairi J. Mosquito control. In: Lee CY, Adanan CR, Lee NC (Eds.), Urban Pest Control, A 

Malaysian Perspective, 2nd Edition; Vector Control Research Unit. Universiti Sains Malaysia: Penang, 

Malaysia, 2003, 43-53. 

8. Dusfour I, Vontas J, David JP, Weetman D, Fonseca DM, Corbel V et al. Management of insecticide 

resistance in the major Aedes vectors of arboviruses: Advances and challenges. PLoS Neglected Tropical 

Diseases,2019:13(10):e0007615. 

9. Cos P, Vlietinck AJ, Berghe DV, Maes L. Anti-infective potential of natural products: How to develop a 

stronger in vitro ‘proof-of-concept’. Journal of Ethnopharmacology,2006:106(3):290-302. 

10. Benelli G. Plant-borne ovicides in the fight against mosquito vectors of medical and veterinary importance: 

a systematic review. Parasitology Research,2015b:114(9):3201-3212. 

11. Amer A, Mehlhorn H. Larvicidal effects of various essential oils against Aedes, Anopheles, and Culex larvae 

(Diptera, Culicidae). Parasitology Research, 2006a:99(4):466-472. 

12. Amer A, Mehlhorn H. Persistency of larvicidal effects of plant oil extracts under different storage 

conditions. Parasitology Research,2006b:99(4):473-477. 

13. Pavela R. Essential oils for the development of eco-friendly mosquito larvicides: a review. Industrial Crops 

and Products,2015:76:174-187. 

14. Panneerselvam C, Murugan K. Adulticidal, repellent, and ovicidal properties of indigenous plant extracts 

against the malarial vector, Anopheles stephensi (Diptera: Culicidae). Parasitology 

Research,2013:112(2):679-692. 

15. Benelli G, Murugan K, Panneerselvam C, Madhiyazhagan P, Conti B, Nicoletti M. Old ingredients for a 

new recipe? Neem cake, a low-cost botanical by-product in the fight against mosquito-borne diseases. 

Parasitology Research,2015:114(2):391-397. 

16. Rajkumar S, Jebanesan A. Bioactivity of flavonoid compounds from Poncirus trifoliata L. (Family: 

Rutaceae) against the dengue vector, Aedes aegypti L. (Diptera: Culicidae). Parasitology 

Research,2008:104(1):19-25. 

17. Olayiwola G, Iwalewa EO, Omobuwajo OR, Adeniyi AA, Verspohi EJ. The antidiabetic potential of 

Jatropha tanjorensis leaves. Nigeria Journal of Natural Product Medicine,2004:8:55-58. 

18. Ornoregie ES, Osagie AU. Phytochemical screening and anti-anaemic effect of Jatropha tanjokensis leaf in 

protein malnourished rats. Plant Archives,2007:7(2):509-516. 

19. Pal RS, Ariharasivakumar, Girhepunje GK, Upadhyay A. In-vitro antioxidative activity of phenolic and 

flavonoid compounds extracted from seeds of Abrus precatorius. International Journal of Pharmacy and 

Pharmaceutical Sciences,2009:1(2):136-140 

20. Panneerselvam C, Murugan K, Roni M, Aziz AT, Suresh U, Rajaganesh R, Madhiyazhagan P, 

Subramaniam J, Dinesh D, Nicoletti M, Higuchi A. Fern-synthesized nanoparticles in the fight against 

malaria: LC/MS analysis of Pteridium aquilinum leaf extract and biosynthesis of silver nanoparticles with 

high mosquitocidal and antiplasmodial activity. Parasitology Research,2016:115(3):997-1013. 

21. Latorre DL, Latorre FA. Plants used by the Mexican Kickapoo Indians. Economic Botany,1977:31(3):340-

357. 

22. Sebastian MK, Bhandari MM. Medico-ethno botany of mount Abu, Rajasthan, India. Journal of 

Ethnopharmacology,1984:12(2):223-230. 



International Journal of Entomology Research  www.entomologyjournals.com 

179 

23. Andrade-Cetto A, Heinrich M. Mexican plants with hypoglycaemic effect used in the treatment of diabetes. 

Journal of Ethnopharmacology,2005:99(3):325-48. 

24. Kirtikar KR, Basu BD. Dehra Dun, India: International Book Distributors and Publishers. Indian Medicinal 

Plants,1995:1:304. 

25. Lucknow, India: CIMAP; Dictionary of Indian Medicinal Plants. 1992:287. 

26. Fyson PF. 1st ed. Vol. 1. Dehra Dun, India: Bishen Singh Mahendra Pal Singh; 1974. The flora of the 

Nilgiris and Pulney Hill Tops; p. 43. 

27. Reddy YS, Venkatesh S, Suresh B. Antinociceptive activity of Malvastrum 

coromandelinum. Fitoterapia,2001:72:278–80. 

28. Khonsung P, Nantsupawat S, Jesadanont SN, Chantharateptawan V, Panthong A. Anti-inflammatory and 

analgesic activities of water extract of Malvastrum coromandelianum (L.) Garcke. Thailand Journal of 

Pharmacology,2006:28:8-15. 

29. Sittiwet C, Jesadanont S, Pongpech P, Naenna P, Pongsamart S. Antibacterial activity of Malvastrum 

coromandelianum Gracke against methicillin-sensitive and methicillin-resistant strains of Staphylococcus 

aureus. Current Research in Bacteriology,2008:1:42–5.  

30. Jain P, Bansal D, Bhasin P, Anjali Antimicrobial activity and phytochemical screening of five wild plants 

against Escherichia coli, Bacillus subtilis and Staphylococcus aureus. Journal of Pharmacology and 

Research,2010:3:1260-2. 

31. Sanghai DB, Kumar SV, Srinivasan KK, Aswatharam HN, Shreedhara CS. Pharmacognostic and 

phytochemical investigation of the leaves of Malvastrum coromandelianum (L.) Garcke. Ancient Science of 

Life,2013:33(1):39. 

32. Shahwar D, Raza MA. In vitro antibacterial activity of extracts of Mimusops elengi against gram positive 

and gram negative bacteria. African Journal of Microbiology Research,2009:3(8):458-462. 

33. Baliga MS, Pai RJ, Bhat HP, Palatty PL, Boloor R. Chemistry and medicinal properties of the Bakul 

(Mimusops elengi Linn): A review. Food Research International,2011:44(7):1823-1829. 

34. Dastur JF. Medicinal Plants of India and Pakistan; DB Taraporevala Sons and Co. Private ltd., Bombay, 

1962, 1-262. 

35. Amir F, Wong KC, Eldeen I, Asmawi MZ, Osman H. Evaluation of biological activities of extracts and 

chemical constituents of Mimusops elengi. Tropical Journal of Pharmacology Research,2013:12(4):591-596. 

36. Gami B, Pathak S, Parabia M. Ethnobotanical, phytochemical and pharmacological review of Mimusops 

elengi Linn. Asian Pacific Journal of Tropical Biomedicine,2012:2(9):743-748. 

37. Mituiassu LM, Serdeiro MT, Vieira RR, Oliveira LS, Maleck M. Momordica charantia L. extracts against 

Aedes aegypti larvae. Brazilian Journal of Biology, 2021, 82. 

38. Harborne JB. Phenolic compounds. In Phytochemical methods. Springer, Dordrecht, 1973, 33-88. 

39. Trease GE, Evans WC. 11th edn. Brailliar Tiridel Can. Pharmacognsy, 1989, 45-50. 

40. Sofowora A. Phytochemical Screening of Medicinal Plants and Traditional Medicine in Africa Edition. 

Spectrum Books Ltd., Nigeria, 1993, 150-156. 

41. Rajaganesh R, Murugan K, Panneerselvam C, Jayashanthini S, Roni M, Suresh U et al. Fern-synthesized 

silver nanocrystals: towards a new class of mosquito oviposition deterrents?. Research in Veterinary 

Science,2016:109:40-51. 

42. Kovendan K, Murugan K, Naresh Kumar A, Vincent S, Hwang JS. Bioefficacy of larvicdial and pupicidal 

properties of Carica papaya (Caricaceae) leaf extract and bacterial insecticide, spinosad, against 

chikungunya vector, Aedes aegypti (Diptera: Culicidae). Parasitology Research,2012:110(2):669-678. 

43. Su T, Mulla MS. Ovicidal activity of neem products (azadirachtin) against Culex tarsalis and Culex 

quinquefasciatus (Diptera: Culicidae). Journal of the American Mosquito Control 

Association,1998:14(2):204-209. 

44. Kuppusamy C, Murugan K. Mosquitocidal effect of Euphorbia heterophylla Linn. against the Bancroftian 

filariasis vector Culex quinquefasciatus say (Diptera: Culicidae). International Journal of Integrative 

Biology,2008:4(1):34-39. 

45. Kalaiselvi V, Binu TV, Radha SR. Preliminary phytochemical analysis of the various leaf extracts of 

Mimusops elengi L. South Indian Journal of Biological Sciences,2016:2:24-29. 

46. Vadivelan S, Jose BE, Manikandan S, Jebaseelan S, Meera R, Kalirajan R et al. Hepatoprotective Potential 

of Mimusops elengi L Leaf Extracts against Paracetamol Induced Hepatotoxicity in Rats. International 

Journal of Pharmaceutical Sciences Review and Research,2021:69(2):37-41. 

47. Saxena S, Rao PB. GC-MS screening of bioactive constituents and antioxidant profiling in an invasive 

weed, Malvastrum coromandelianum (L.) Garcke. Pharma Innovation,2018:7:738-746. 

48. Soundatti VA, Tamboli FA, More HN, Tarkasband KN. Physicochemical screening and antibacterial 

activity of Malvastrum coromandelianum (L.) Garcke. European Journal of Biomedical and Pharmaceutical 

Sciences,2021:8(7):406-408. 

49. Konappa N, Udayashankar AC, Krishnamurthy S, Pradeep CK, Chowdappa S, Jogaiah S. GC–MS analysis 

of phytoconstituents from Amomum nilgiricum and molecular docking interactions of bioactive serverogenin 

acetate with target proteins. Scientific Reports,2020:10(1):1-23. 

50. Azhagumurugan C, Rajan MK. GC-MS analysis of phytochemical constituents and nematicidal activities of 

leaf extract of Magilam, Mimusops elengi. World Journal of Zoology,2014:9(4):239-243. 



International Journal of Entomology Research  www.entomologyjournals.com 

180 

51. Panneerselvam C, Murugan K, Kovendan K, Kumar PM, Subramaniam J. Mosquito larvicidal and pupicidal 

activity of Euphorbia hirta Linn.(Family: Euphorbiaceae) and Bacillus sphaericus against Anopheles 

stephensi Liston.(Diptera: Culicidae). Asian Pacific Journal of Tropical Medicine,2013:6(2):102-109. 

52. Roni M, Murugan K, Panneerselvam C, Subramaniam J, Nicoletti M, Madhiyazhagan P, Dinesh D, Suresh 

U, Khater HF, Wei H, Canale A. Characterization and biotoxicity of Hypnea musciformis-synthesized silver 

nanoparticles as potential eco-friendly control tool against Aedes aegypti and Plutella xylostella. 

Ecotoxicology and Environmental Safety,2015:121:31-38. 

53. Suresh U, Murugan K, Benelli G, Nicoletti M, Barnard DR, Panneerselvam C, Kumar PM, Subramaniam J, 

Dinesh D, Chandramohan B. Tackling the growing threat of dengue: Phyllanthus niruri-mediated synthesis 

of silver nanoparticles and their mosquitocidal properties against the dengue vector Aedes aegypti (Diptera: 

Culicidae). Parasitology Research,2015:114(4):1551-1562. 

54. David JP, Rey D, Pautou MP, Meyran JC. Differential toxicity of leaf litter to dipteran larvae of mosquito 

developmental sites. Journal of Invertebrate Pathology,2000:75:9-18. 

55. Yadav R, Tyagi V, Tikar SN, Sharma AK, Mendki MJ, Jain AK, Sukumaran D. Differential larval toxicity 

and oviposition altering activity of some indigenous plant extracts against dengue and chikungunya vector 

Aedes albopictus. Journal of Arthropod-borne Diseases,2014:8(2):174. 

56. Nazar S, Ravikumar S, Williams GP, Ali MS, Suganthi P. Screening of Indian coastal plant extracts for 

larvicidal activity of Culex quinquefasciatus. Indian Journal of Science and Technology,2009:(3):24-27. 

57. Kaushik R, Saini P. Screening of some semi-arid region plants for larvicidal activity against Aedes 

aegypti mosquitoes. Journal of Vector Borne Diseases,2009:46:244-246.  

58. Rajkumar S, Jebanesan A. Bioactivity of flavonoid compounds from Poncirus trifoliata L. (Family: 

Rutaceae) against the dengue vector, Aedes aegypti L. (Diptera: Culicidae). Parasitology 

Research,2008:104(1):19-25. 

59. Sivagnaname N, Kalyanasundaram M. Laboratory evaluation of methanolic extract of Atlantia monophylla 

(Family: Rutaceae) against immature stages of mosquitoes and non-target organisms. Memórias do Instituto 

Oswaldo Cruz,2004:99(1):115-118. 

60. Shehata AZ, El-Sheikh TM, Shaapan RM, Abdel-Shafy S, Alanazi AD. Ovicidal and latent effects of 

Pulicaria jaubertii (Asteraceae) leaf extracts on Aedes aegypti. Journal of American Mosquito Control 

Association,2020:36(3):161-166. 

61. Torawane S, Andhale R, Pandit R, Mokat D, Phuge S. Screening of some weed extracts for ovicidal and 

larvicidal activities against dengue vector Aedes aegypti. The Journal of Basic and Applied 

Zoology,2021:82(1):1-9. 

62. Munusamy RG, Appadurai DR, Kuppusamy S, Michael GP, Savarimuthu I. Ovicidal and larvicidal 

activities of some plant extracts against Aedes aegypti L. and Culex quinquefasciatus Say (Diptera: 

Culicidae). Asian Pacific Journal of Tropical Disease,2016:6(6):468-471. 


