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ABSTRACT

Objective: Mosquitoes are insect vectors responsible for the transmission of parasitic and viral infections to millions of people worldwide, with 
substantial morbidity and mortality. Insecticides of botanical origin may serve as suitable alternative bio-control techniques in the future.

Methods: The egg hatchability, growth regulatory, longevity, fecundity, and larvicidal activity of crude methanol leaf extract of Hygrophila auriculata 
were assayed for their toxicity tested against malarial vector mosquito, Anopheles stephensi.

Results: The eggs, larvae, larvae/pupae, and cumulative mortality were observed hatching rates for 100  ppm, 0–18  h (18  h exposed) at 24, 48, 
and 72  h, respectively, and mortality was 33.4, 44.6, 17.9, and 95.9% methanolic extract treatment, with the lethal concentration 50 (LC50)/LC90 
values were 35.420 28/75.600 ppm. Effect of methanolic extract was larval, pupal, and adult duration and water extracts of caused longest delayed 
development from 16.6 days larvae, 7.5 days for pupae and longevity of adult female greatly reduced from 25.9 days and fecundity also reduced from 
68.0 at 150 ppm. The larvicidal activity of methanol extract was decreased at 48 h as for instars larvae 63.44/271.95 ppm (I), 57.55/272.48 ppm (II); 
62.49/301.22 ppm (III); 67.69/330.48 ppm (IV), and 76.99/343.82 ppm (pupae), respectively.

Conclusion: These results suggest that the methanol leaf extract has the potential to be used as an ideal eco-friendly approach for the control of 
mosquito vector. Therefore, this study provides on the mosquito eggs, larvae, and pupae activities of these plant methanol extract against A. stephensi.

Keywords: Hygrophila auriculata, Anopheles stephensi ovicidal, Growth regulatory, Larvicidal activity.

INTRODUCTION

World Health Organization (WHO) is designing attention to a group 
of diseases that are spread by insects, the heavy health and economic 
burdens they impose, and what needs to be done to reduce these 
burdens. Mainly, vector-borne diseases (VBD) cause more than 
one million deaths each year. However, passing counts, though alarming, 
vastly underestimate the human misery and hardship caused by these 
diseases, as many people who survive infection are left permanently 
debilitated, disfigured, maimed or blind. WHO [1] estimated globally, 
the VBDs around 17% (700 million peoples) account for the global 
burden of infectious diseases annually, which are mainly highlighted 
in tropical and sub-tropical countries. More than 80% of the global 
population lives with the risk of these VBDs then remaining peoples 
are struggled with two or more VBDs. Those risks are particularly 
marked in urban areas (towns and cities) because these vectors are 
proliferating enormously in that favorable habitats, high abundance, 
and easy contact with human. Morbidity and mortality are often highly 
noticed in economically poor populations [2,3]. Anopheles stephensi 
is the principal vector of malaria and one of the most predominant 
diseases in the tropical world which disturbs 350–500 million peoples 
and kills more than 1 million infants and young children annually [4,5]. 
Malaria (major vector of A. stephensi) is one in all the grave scourges 
inflicted on human beings and causes human mortality alongside giant 
economic loss [6-8].

The genus, Hygrophila auriculata (Schumach.) Heine belongs to 
family Acanthaceae found in India, commonly known Kokilaksa, as in 
Sanskrit root and seeds used as tonic, for asthma and dysentery [9]. As 
per our tradition, roots, seeds, and aerial parts of the plant have been 
used in the treatment of jaundice, hepatic obstruction, rheumatism, 
inflammation, urinary infection, gout, and malaria [10]. The plant 
has been reported to contain flavonoids (apigenin 7-O-glucuronide, 

apigenin 7-O-glucoside)  [11], alkaloids (asteracanthine and 
asteracanthicine) [12], aliphatic esters (25-oxo-hentricontyl acetate, 
methyl-8-hexyltetracosanoate) [13], minerals (Fe, Cu, Co) [14], 
sterols (stigmasterol) [15], and triterpenes (lupeol, hentriacontane, 
betulin, luteolin, and luteolin 7-O-rutinosides) [16]. Earlier scientific 
investigation showed that the crude extract of H. auriculata has 
anti-nociceptive [17], antitumor [18], antibacterial  [19], and 
antioxidant [20]. The single oral dose of the H. auriculata leaves extract 
did not produce mortality or significant changes in the body weight, 
food, and water consumption. The internal organs weights of the 
control and test animals were normal. Apart from triglyceride, other 
biochemistry parameters demonstrated no significant changes as 
compared to the control [21].

In the present study, to evaluate the egg hatchability, growth regulatory, 
longevity, fecundity, and larvicidal properties of the plant extract of 
H. auriculata against medically important mosquitoes of malarial 
vector, A. stephensi as target species of the vector control management.

METHODS

Plants collection and extraction
The fresh plant, H. auriculata leaf (authentication number: AU/
BOT/127) sampling was carried out during the growing season of 
January–March in and around Chidambaram, Cuddalore district, Tamil 
Nadu, India. Plant leaves were air-dried at room temperature 28±2°C, 
the sample was kept in dark place and sample was ground to a fine 
powder with the help of an electrical blender. The ground dried leaf 
powder was loaded in Soxhlet apparatus and extracted with high 
polarity methanol solvent. Later collecting liquid extract was allowed 
to condense by rotary vacuum evaporator. The condensed leafs extract 
was stored in below 4°C refrigerator until required for investigation for 
bioassays.

© 2019 The Authors. Published by Innovare Academic Sciences Pvt Ltd. This is an open access article under the CC BY license (http://creativecommons. 
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Ovicidal bioassay
The method of Su and Mulla (1998) [22] was slightly modified and used 
to test the ovicidal activity. Freshly, laid eggs were collected by providing 
ovitraps in mosquito cages from 10.00 to 16.00 h for collecting 0–6 h 
old eggs and 16.00 to 10.00 the next morning for collecting 0–18 h old 
eggs raft of A. stephensi. Ovidtraps were kept in the cages days after 
the female mosquitoes were given a blood meal. The eggs were laid on 
filter paper lining provided in the ovitrap. After scoring, the filter papers 
containing the eggs were exposed to graded does of different products 
methanol or control solution. A minimum of 100 eggs was used for each 
treatment, and the experiment was replicated 4 times. Eggs of the age 
group 0–6 were exposed to the test solution for 18 h, while eggs were 
sieved through muslin cloth, thoroughly rinsed with tap water, and left in 
enamel bowls filled with dechlorinated water for hatching. The hatching 
rate of eggs was assessed 3 days later. The percent egg mortality was 
calculated on the basis of non-hatching of eggs with unopened opercula.

Insect growth regulatory (IGR) bioassay
IGR activity was assessed using 3rd instar. An accurate initial count of the 
larvae was made to avoid recording-missing (as dead) larvae as a result 
of cannibalistic or scavenging behavior during the long exposure period, 
larvae provided with a small amount of food (finely ground dog biscuits 
and yeast) at a concentration of 10  mg/l at 2  day intervals. The food 
powder should be suspended in water and one or two drops added per cup 
until mortality counts were made. Mortality or survival is counted every 
day until the complete emergence of adults. At the end of the observation 
periods, the number of larvae that do not develop successfully into viable 
adults or larvae and pupae were dead as well as adult mosquitoes not 
completely separated from pupal cases were recorded and expressed as 
a percent of emergence inhibition (EI). The experiment was terminated 
when all larvae or pupae in the controls had died or emerged as adults. 
The total mean EIs were calculated on the basis of the number of third-
stage larvae exposed and EI is calculated using the formula.

		
( ) [ ]100 T×100

EI % =
C

−
�

(1)

Where T=% of emergence in treated cohorts and C=% of emergence in 
the control larval and pupal duration assay.

The effect of different products of H. auriculata on the length of the 
larval and pupal stages, the test solutions of sublethal concentration 
(LC) of different products of H. auriculata (methanol) were prepared 
in an enamel tray of 30 cm × 25 cm × 5 cm dimensions. Fifty eggs were 
released in treated water and allowed to hatch, and the total larval 
duration (days) was calculated form hatching to pupation. Pupae were 
placed in a small container closed with a transparent mesh. The pupal 
duration was calculated from the pupal molt to adult emergence.

Larvicidal bioassay
The larvicidal activity of H. auriculata methanol extract was evaluated 
as per the standard method [23]. The whole bioassay tests were 
analyzed between the doses ranged of 10–120 µg/ml and were tested 
only on early third instars larvae (0–6 h old) of the target mosquitoes. 
The phytocompound was dissolved in 1  ml dimethyl sulfoxide and 
taken in 249  ml of dechlorinated water. Each test species, 25 larvae 
used for single concentration and replicated 4 times. Percent mortality 
was rectified for control mortality was calculated using Abbott’s [24] 
formula. The LC50 values, Chi-square values, and other statistical values 
were calculated using probit analysis described by Finney [25].

In case of the experiment for determining pupicidal activity, the mouth 
of each bowl containing pupae was covered with muslin cloth to prevent 
the escape of any emerged adult mosquitoes. Mortality in larvae and 
pupae was recorded at 24 and 48 h.

            

Corrected mortality =
Observed mortality treatment  Observed mortality control

100  Control mortality
−

− �
(2)

      
Number of  dead larvae / pupaePercentage mortality = ×100

Number of  larvae / pupae introduced �
(3)

RESULTS AND DISCUSSION

Ovicidal activity
Malaria is the largest single component of disease burden; epidemic 
malaria, in particular, remains a major public health concern in tropical 
countries. In many developing countries, and especially in Africa, 
malaria exacts an enormous toll in lives, in medical costs, and in days 
of labor lost. The results, egg hatchability, growth regulatory, longevity, 
fecundity, and larvicidal activity of H. auriculata methanol leaf extract 
were tested against A. stephensi. Eggs, larval, and pupal/adult mortality 
were A. stephensi of the H. auriculata methanolic leaf extract, hatching 
rate of the group 0–6 h exposed for 18 h and 0–18 h eggs exposed for 6 h 
and 18 h in various concentrations of methanolic extract was assayed 
every 24  h up to 3  days and their survival rate until pupation. The 
hatching rates of eggs exposed to various concentrations of methanolic 
extract were significantly lower than those of control eggs. Treatment of 
eggs of 0–6 was more effective in inducing higher rates of mortality than 
for eggs of 0–18 h exposed for 6 h and 18 h. The 0–6 h eggs, larval, and 
pupal/adult mortality were exposed for 18 h had a hatching rate of 24, 
48, and 72 h, respectively. The hatching rates for concentration (20 ppm) 
of 0–6 h laid eggs, larval, and pupal/adult mortality (6 h exposure) at 
24, 48, and 72  h, respectively, were methanolic leaf extract treatment 
of 14.0, 6.7, and 2.1% and higher concentration (100  ppm) mortality 
of 35.2, 46.5, and 17.3%, respectively, with the LC50/LC90 values were 
38.73440/71.33925 ppm. Furthermore, hatching rates for concentration 
(20  ppm) of 18  h (18  h exposed) eggs, larval, pupal/adult mortality 
treatment were 9.8, 4.5, and 2.3%, and the highest concentration of 
100 ppm was mortality 31.4, 48.7, and 16.3%, respectively, with the LC50/
LC90 values were 39.89316/76.36159 ppm. Moreover, the hatching rates 
for 20 ppm concentration of eggs, 0–18 h (18 h exposed) at 24, 48, and 
72 h, respectively, were 13.4, 4.2, and 6.3%, and 100 ppm concentration 
of mortality was 33.4%, 44.6%, and 17.9% methanolic extract treatment, 
with the LC50/LC90 values were 35.42028/75.60023 ppm. The treatment 
of eggs of 0–6 h was more effective in including higher rates of mortality 
than for eggs 0–18 h treated for 6 h and 18 h. Exposure of freshly laid 
eggs was more effective than of older eggs. As the concentration of 
methanolic extract increased, the hatching rates decreased: (Control) 
to 16.8, 1.3, 2.5, 24 h, 48, and at 72 h and exposed 18 h; from (control) 
13.8, 2.3, and 5.0, and 15.7, 5.9, and 6.3 for 0–18 eggs exposed for 18 h. 
There was an inverse relationship between concentration and the 
magnitude of the hatching rate (Table  1). The present investigations 
are comparable with some of the other previous reports that the major 
phytochemical elements of citronella of Morinda officinalis essential 
oil had significant larvicidal (85.44 and 159.73  ppm) activity against 
malaria vector [26]. The observed mortality rate suggests that the 
above extract can be used as biopesticide. The LC50 of second-, third-, 
and fourth-instar larvae of A. stephensi were 0.276, 0.285, and 0.305%, 
respectively. Spinosad treatment reduced the larval and pupal properties 
of microbial insecticides development of growth control. The bacterial 
insecticide spinosad against the first- to fourth-instar larvae and pupae 
showed values of LC50=51.76  61.87, 74.07, 82.18, and 93.44  ppm, 
respectively  [27]. The phytochemicals and larvicidal activity with 
confirm the presence of various photochemical contained glycosidase, 
saponin, fixed oil and fats, protein, carbohydrates, and tannin. The most 
effective larvicidal activity of Cassia tora higher concentration gave more 
than 80% mortality noticed in the larvae of A. stephensi [28].

IGR bioassay
The IGR effect of the methanolic extract of H. auriculata on mortality and 
EI of 3rd instar larvae of A. stephensi after treated with different doses. After 
8 days of treatment, 89.7% of the larvae treated 150 ppm failed to emerge 
whereas 25.46%, 23.40% of the larvae treated at 120, 90 ppm successfully 
emerged into adults. Mortality of the treated 4th instar larvae on pupation 
with partly detached larval skin was recorded to be relatively higher 
at 150 and 120  ppm, revealing growth regulatory effect of methanolic 
on development/molting of immature (Table  2). Application of plant-
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derived IGR substances is known to be safe for man and environment in 
the integrated pest management programs and so far only azadirachin, 
an IGR derived from Indian neem (Azadirachta indica) seed kernel 
being commercialized for managing against pests rather than vectors of 
diseases  [29]. However, such naturally occurring insecticide prototypes 
are in great demand at the global level [30]. Which can be comparable to 
IGR activity of Annona squamosa against A. stephensi caused 82% reduced 
emergence, prolonged total development period [31] and acetone extracts 
of Ipomea carnea fistula exhibited excellent IGR activity against A. stephensi 
with average larval, pupal, development periods, and growth index were 
18.93, 6.36; 25.29 (days), and 0.94 compared to control 14.44, 3.58, 18.02 
(days), and 5.54 [32]. In the field, IGRs have shown excellent activity against 
larvae of many species of mosquitoes and related groups [33].

Larvicidal bioassay
Effect of methanolic extract was larval, pupal, and adult duration against 
A. stephensi. Duration of larval instars and total developmental time was 
prolonged at all doses compared to that control, water extracts of caused 
longest delayed development from 8.7 (control) to 16.6 days at 150 ppm 
larvae; 2.6 (control) to 7.5 days for pupae, and longevity of adult female 
greatly reduced from 37.6 (control) to 25.9  days and fecundity also 
greatly reduced from 98.0 (control) to 68.0 at 150  ppm methanolic 
extract respectively (Table  3). The LC50/LC90 and Chi-square of values 
were H. auriculata leaf methanolic extract for 1st  instars larvae which 
were 135.93/361.87 ppm and 5.426; 139.69/375.38 ppm and 5.703 for 
2nd instars larvae; 160.85/410.70 ppm and 7.568 for 3rd instars larvae; 
168.66/430.45 ppm and 5.280 for 4th instars; and 188.52/457.37 ppm 
and 5.443 for pupae, respectively, at 24 h. Furthermore, decreased at 48 h 
as for 1st instars larvae 63.44/271.95 ppm and 3.958; 57.55/272.48 ppm 
and 3.824 for 2nd  instars larvae; 62.49/301.22  ppm and 3.310 for 
3rd  instars larvae; 67.69/330.48  ppm and 3.610 for 4th  instars larvae; 
and 76.99/343.82  ppm and 3.610 for pupae, respectively. Among 
the different larval stages, 1st  instars (younger) larvae were more 
susceptible than the other instars of (older) larvae (Table  4). A  large 
number of plant extracts have been reported to have mosquitocides or 
repellent activities against mosquito vectors, but very few plant products 
have shown practical utility for mosquito control [34-38]. Plant-borne 
compounds and the fractions were tested as larvicides, ovicides, and 
repellency against A. stephensi. The larvicides activity was tested by 
11-octadecenoic acid, methyl ester compound against A. stephensi 
with LC50 values of 22.32  ppm, respectively [39]. The leaf extract of 
methanol Orthosiphon thymiflorus against the first-  to fourth-instars 
larvae and pupae showed LC50 values of 3.02, 3.73, 4.47, 5.82, and 7.45%, 
respectively [40]. The highest larvicidal activity of important medicinal 
plants, Sesamum indicum, Pongamia pinnata, and Croton bonplandianum 
methanol extract with LC50 and LC95 values was 108.55 and 230.57 ppm, 
143.59 and 305.52 ppm, and 154.51 and 319.01 ppm, respectively [37].

Mosquito immature third instar larval, A. stephensi has been exposed 
to different concentrations of 50–250 µg/ml. Larvae were death rate 
98.2% (significant value 0.001b) from methanol extract, and it is 
significant toxicity against larvae of A. stephensi with LC50/LC99 values 
were 157.69/339.55 µg/ml, respectively [41]. The first- to fourth-instar 
larvae and pupae of A. stephensi had values of LC50=309.16, 337.58, 
390.42, 429.68, and 513.34  ppm, and Aedes aegypti had values of 
LC50=334.78, 366.45, 422.97, 467.94, and 54.02 ppm, respectively [42]. 
For Bacillus thuringiensis against A. stephensi, the LC50 and LC90 values 
of first-  to fourth-instar larvae and pupae are 37.24, 45.41, 57.82, 
80.09, and 98.34 ppm while the LC90 values are 92.32, 112.99, 150.25, 
181.42, and 185.56 ppm; for A. aegypti, the LC50 values are 42.38, 51.90, 
71.02, 96.17, and 121.59 ppm while the LC90 values are 106.07, 122.42, 
176.24, 210.53, and 234.94  ppm [40]. The toxicity of Euphorbia milii 
molluscicidal latex  and niclosamide showed toxic affect to Anopheles 
albitarsis, A. aegypti, and Aedes fluviatilis larvae [43]. The leaf extract of 
Acalypha alnifolia plant was tested against 4th instars larvae, A. stephensi 
had values of LC50=197.37, 178.75, 164.34, 149.90, and 125.73  ppm, 
respectively [44]. The adults mortality was found in ethanol extract 
of Clonorchis sinensis with the LC50 and LC90 values of 289.62 and 
494.88  ppm, respectively  [45]. Nathan et al. [46] considered pure 
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limonoids of neem seed, testing for biological, larvicidal, pupicidal, 
adulticidal, and antiovipositional activity; A. stephensi and the larval 
mortality were dose-dependent with the highest dose of 1  ppm 
azadirachtin evoking almost 100% mortality, affecting pupicidal and 
adulticidal activity and significantly decreasing fecundity and longevity 
of A. stephensi. The larvicidal and adulticidal activities of ethanolic and 
water mixture (50:50) of plant extracts Eucalyptus globulus, Cymbopogon 
citratus, Artemisia annua, Justicia gendarussa, Myristica fragrans, Annona 
squamosa, and Centella asiatica were tested against A. stephensi, and the 
most effective between 80 and 100% was observed in all extracts [47].

CONCLUSION

H. auriculata leaf methanol extract has displayed toxicity on different 
larval instars of A. stephensi. The study showed an increase in mortality 

with the increase in concentration, and the early instars larvae are 
much susceptible than the later ones. The results suggested that a small 
volume of H. auriculata leaf methanol extract is sufficient and can be 
directly used in the dwelling habitats mosquito vector, A. stephensi 
for effective control. This is an environmentally safe and eco-friendly 
approach for the vector control programs.
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Table 2: Effect of methanol extract Hygrophila auriculata on growth development and emergence against of Anopheles stephensi

4th day 8th day

Concentration (ppm) Third 
instar

IV instar while 
pupation

Pupae Total Third 
instar

IV instar while 
pupation

Pupae Total Emergence 
inhibition

30 11.26e 15.00e 13.32de 39.58e 16.35e 23.04e 18.25e 57.64e 84.0e

60 13.80d 18.53d 14.95d 47.28d 19.21cd 25.16d 21.90d 66.27d 86.1d

90 15.75c 20.13c 17.26c 53.14c 20.58c 27.88c 23.40cd 71.86c 87.2bc

120 18.01b 22.45b 19.55b 60.01b 23.45b 29.13b 25.46b 78.04b 88.2b

150 20.12a 24.80a 22.86a 67.78a 25.00a 35.22a 29.65a 89.87a 89.7a

Control 1.4f 1.1f 1.9f 4.4f 3.95f 2.90f 2.33a 9.18f 0f

Within a column means followed by the same letter (s) are not significantly different by Duncan’s multiple range test, Significant values=0.05

Table 3: Total larval, pupal and adult duration of Anopheles stephensi after treatment with methanolic extract of Hygrophila auriculata

Concentration (ppm) Mean (±SE) total 
larval duration (days)

Mean (±SE) total 
pupal duration (days)

Mean (±SE) females 
longevity (days)

Fecundity 
(number of eggs laid by the females)

30 9.8±0.5e 3.5±0.3e 35.7±0.7de 94±1e

60 11.3±0.8cd 4.3±0.9cd 33.4±1.1cd 91±3d

90 12.1±1.1c 5.0±1.0c 31.5±0.2c 87±2c

120 14.0±0.9b 6.4±0.5b 28.4±1.9b 79±1b

150 16.6±1.8a 7.5±1.4a 25.9±0.6a 68±3a

Control 8.7±0.4f 2.6±0.7f 37.6±1.4f 98±5f

SE: Standard error. Means (±SE) followed by same letter (s) within rows indicate are not significantly different by Duncan’s multiple range test, Significant values=0.05

Table 4: Lethal concentration values of leaves methanolic extract of Hygrophila auriculata against Anopheles stephensi treated with 
24 and 48 h

Mosquito larval 
instars and pupae

Exposure 
hours

LC50 
values (LFL‑UFL) (ppm)

LC90 
values (UFL‑UFL) (ppm)

Regression equation 2 (df=4)

1st instar 24 135.93
(32.57–191.28)

361.87
(301.42–486.26)

Y=−0.77107+0.00567x 5.426

48 63.44
(9.42–99.20)

271.95
(243.96–309.84)

Y=−0.38995+0.00615x 3.958

2nd instar 24 139.69
(29.41–97.60)

375.38
(311.16–512.54)

Y=−0.75963+0.00544x 5.703

48 57.55
(0.08–95.14)

272.48
(243.93–311.04)

Y=−0.34320+0.00596x 3.824

3rd instar 24 160.85
(28.77–226.51)

410.70
(333.20–606.95)

Y=−0.82507+0.00513x 7.568

48 62.49
(3.23–101.83)

301.22
(270.35–343.37)

Y=−0.33551+0.00537x 3.310

4th instar 24 168.66
(132.62–197.11)

430.45
(92.72–483.12)

Y=−0.82567+0.00490x 5.280

48 67.69
(5.90−108.88)

330.48
(296.845−377.39)

Y=−0.33015+0.00488x 4.247

Pupae 24 188.52
(94.97−245.72)

457.37
(381.02−626.19)

Y=−0.89863+0.00477x 5.443

48 76.99
(17.83−117.08)

343.82
(309.50−391.76)

Y=−0.36980+0.00480x 3.610

LC50: Lethal concentration that kills 50% of the exposed larvae and pupae, LC90: Lethal concentration that kills 90% of the exposed larvae and 
pupae, LFL: Lower fiducial limit, UFL: upper fiducial limit, 2: Chi‑square value, df: Degrees of freedom, Significant at p<0.05 level
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