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Abstract:

Background:

Aedes aegypti L.; one of the most important insect vectors in the world; transmits several diseases of concern; Zika, yellow fever,
Chikungunya, dengue and dengue haemorrhagic fever. Despite multifarious problems on humans, non-targets and environment;
caused by synthetic chemical insecticides; these are still the prime and preferred control measures against dengue vector. Alternative
control strategies using eco-friendly and bio-degradable plant products are being explored.

Objective:

The present study investigates the toxic potential of the hexane extract of the leaf and stem of Achyranthes aspera against Ae.
aegypti.

Methods:

The larvicidal potential of extracts was evaluated against dengue larvae as per WHO protocol. Subsequent concentration and time-
dependent studies assessed their effects on the larval midgut histo-architecture using microtomy techniques.

Results:

Larvicidal bioassays with 4. aspera extracts revealed their appreciable larvicidal potential. Hexane extract of the leaf resulted in
respective LC,,, LC,, and LC,, values of 67, 83 and 140 ppm while exposure to hexane extract of the stem showed respective values
of 55, 68 and 115 ppm. Extract-exposed larvae at various lethal levels exhibited significant damage, shrinkage, distortion and
vacuolization of gut tissues and peritrophic membrane. The disintegration of epithelial cells and cytoplasmic organelles evidenced
stomach poison potential of the extracts. The extent of toxicity and damage was concentration and time-dependent; the stem extract
imparted more deleterious effects as compared to the leaf extract.

Conclusion:

Present findings suggest the utilization of 4. aspera as an alternate control strategy against Ae. aegypti; though further studies against
non-targets are needed to ascertain its use in the fields.

Keywords: Achyranthes aspera, Aedes aegypti, Histological architecture, Larvicidal, Midgut, Stomach poison.

1. Introduction

Aedes aegypti L. is a worldwide disease vector, transmitting a number of diseases; dengue, Chikungunya, dengue
hemorrhagic fever, yellow fever and Zika. The mosquito is prevalent in almost whole tropical and subtropical area
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and many other parts of the world. World Health Organization has recorded almost 30-fold increase in the dengue
incidence since last 50 years causing health risks to almost half of the world population. Over 100 endemic countries
have been identified where approximately 50-100 million infections are estimated to occur annually [1]. In India, Union
health ministry recorded a total of 99,913 dengue and 27,553 Chikungunya cases in 2015. The number alarmingly
increased to 1,29,166 and 64,057 in 2016 taking a total of 465 human lives [2]. In 2017, the dengue cases were further
rose by 1.21-fold and a high mortality rate was observed, maximum since 2010 [3]. The increasing number of reported
cases transmitted by Ae. aegypti year after year has made this mosquito one of the most serious disease vectors. As of
now, no operative vaccine has been formulated which can save people from periodic recurrent outbreaks of dengue
fever and dengue hemorrhagic fever [4].

Management of mosquitoes has attracted researchers’ interests since long in order to keep the mosquito-borne
diseases under check and to provide a safe environment. Primarily, insecticides, mainly organic in origin;
organochlorides, organophosphates, carbamates and pyrethroids; have been used for vector control. However, these
mosquito control strategies have caused the development of insecticide resistance and led to environmental
contamination due to continued accumulation of the slowly and non-degradable toxic compounds [5]. In recent years,
application of many of these former synthetic insecticides has been restricted in mosquito control programme on a
global scale due to high cost, toxic effects on non-target populations, harm to human health, non-biodegradability,
residual properties, a higher rate of biological magnification through the ecosystem, and increasing insecticide
resistance. The dire need to look for alternate approaches encouraged researchers to explore the botanicals under
biological control programme and enter the field of using botanical insecticides as a simple, safe, cost-effective,
biodegradable, eco-friendly and sustainable method of mosquito control.

Floral diversity serves as a natural source of countless compounds that are recognized to encompass mosquito
larvicidal agents, which may act against mosquitoes as a synergist in combination with toxicants or independently.
Different phytochemicals may possess a different mode of action according to their specific properties and may possess
the potential of being general toxicants against various life stages of mosquitoes, whereas others may restrict growth
and development, cause reproductive disadvantage or even produce olfactory stimuli and act as attractants/repellents [6,
7]. Mosquito control at the larval stage of development with phytochemicals isolated from different parts of the plant;
leaves, stems, barks and roots; is one of the desirable, environment-friendly and affordable approaches today [8].
Consequently, the natural products of plant origin exhibiting insecticidal properties have been explored in recent years
for control and management of a variety of insect pests and vectors; and are considered as effective, preferred and
sustainable alternatives for mosquito control. Nevertheless, botanicals, regardless of being the focus of research
nowadays, have not been investigated extensively for their adverse and systemic effects on physiological systems
leading to histolysis of gut tissues, and thus alteration in nutrition impacting growth and development of mosquito
vectors. Leaf extracts prepared from Schinus terebinthifolius have been reported to cause damage to the midgut of Ae.
aegypti larvae, interfering with survival and development [9]. Morphological alterations in the midgut of third instar Ae.
aegypti has been reported by Costa et al. [10] after exposure to a methanolic extract of Annona coriacea (Magnoliales:
Annonaceae). Likewise, Gusmao et al. [11] evidenced the modification in the peritrophic matrix and extensive damage
of the midgut epithelium of 4e. aegypti larvae after 4 h of feeding with 150 ug/mL of Derris urucu extract. The crude
extracts of Carum copticum caused cytopathological alterations in the midgut epithelium of Culex pipiens larvae. It has
been observed that during metamorphosis, a comprehensive transformation of midgut cells takes place in Ae. aegypti
larvae and new cells are formed replacing old ones [12]. Consequently, the lethal effects of phytochemicals on the
midgut tissues may affect growth and development adversely [13, 14].

Present investigations were performed to explore Achyranthes aspera (Amaranthaceae) for its lethal effects on the
survival and gut histo-architecture of de. aegypti. A. aspera is an invasive weed, distributed throughout India, tropical
Asia and other parts of the world. It has been reported as the most widespread herb in Shivbari sacred grove of
Himachal Pradesh, India and an exotic medicinal plant of district Lalitpur, Uttar Pradesh, India. The plant has been
reported to possess larvicidal activity, pupicidal activity and pronounced insect molting hormonal activity against
mosquito larvae [15].

The leaves and stems of 4. aspera were extracted in hexane and their effect was assessed on the survival and
modifications in the histological architecture of early fourth instars of Ae. aegypti. The extent of gut damage was
evaluated at different concentrations; sub-lethal (LC,,), median-lethal (LC,) and lethal (LC,,); and different exposure
durations (6 h, 12 h and 24 h).
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2. MATERIALS AND METHODS

2.1. Plant Collection

Fresh, young and healthy leaves and stems of A. aspera were collected from a native area of New Delhi, India. The
plant was taxonomically identified with the help of Dr. Arun K. Pandey, Professor, Department of Botany, University
of Delhi. The voucher specimen of the weed was deposited in the University of Delhi Herbarium (DUH) with accession
no. 14376.

2.2. Preparation of Achyranthes aspera Extracts

The extracts of A. aspera were prepared by maceration method in which different parts, i.e. leaves and stems were
shade-dried and ground into fine powder using an electric blender. The 250 g of powdered leaf and stem were
separately extracted with 1000 mL of hexane and left undisturbed for 5 to 7 days. The hexane was selected as solvent of
extraction based on our previous studies [16] which demonstrated the larvicidal efficacy of hexane extracts as compared
to ethanolic extracts. The hexane extracts, thus obtained, were concentrated using a vacuum evaporator (Buchi Type)
below their boiling point (60°C) under low pressure and stored in a refrigerator at 4°C as the stock solution using
ethanol as solvent. Different concentrations were prepared for the bioassay using ethanol as a solvent and tested against
larvae within a week. The chemical insecticide of plant origin; Permethrin (Amico), with efficient larvicidal activity;
was taken as a positive control [17].

2.3. Rearing of Aedes aegypti Mosquitoes

The present investigations employed the early fourth instars of dengue fever mosquito, de. aegypti. The eggs of Ae.
aegypti were obtained from the renowned and established Vector Borne Diseases Laboratory, International Centre for
Genetic Engineering and Biotechnology (ICGEB), New Delhi, India. Eggs and larvae of Ae. aegypti were reared in
enamel trays filled with dechlorinated tap water. The colony was maintained in Insect Pest and Vector Laboratory,
Acharya Narendra Dev College, University of Delhi, New Delhi, India under controlled conditions of temperature 28 +
1°C, 80 + 5% relative humidity and 14 L: 10 D photoperiod [16]. Adult mosquitoes were raised in cloth cages and
water-soaked deseeded split raisins were provided as a source of the food, primarily for the male adults. Periodic blood
meals required for the egg maturation were provided to the female adults by keeping a restrained albino rat inside adult
cloth cage for 1-2 h after two days of their emergence. The eggs were collected in an enamel bowl (6 cm diameter)
filled with de-chlorinated tap water and lined with Whatman filter paper strips. The filter strips and water laid with eggs
were transferred to a tray (25cm x 30cm x Scm) containing de-chlorinated tap water for hatching which was changed
every alternate day to prevent formation of scum and hatched larvae were provided a pinch of food powder (dog
biscuits and live yeast powder, 3:1 w/w) daily. The pupae formed were separated into an enamel bowl and kept inside
the cloth cages for adult emergence.

2.4. Effect of Achyranthes aspera Extracts on the Survival of Aedes aegypti Larvae

The larvicidal bioassay was performed at 28 + 1°C on Ae. aegypti larvae in agreement with the procedure described
by WHO with slight modifications [18]. Three replicates were conducted simultaneously for each graded concentration
ranging from 20 ppm to 1000 ppm along with control. Controls were exposed to the solvent, that is, ethanol alone. The
LC,,, LC,, and LC,, concentrations were analyzed by the probit method using SPSS, Statistical Software Package
(Version: 19.0). The lethal concentrations causing 50% mortality (LC,,) and 90% mortality (LC,,) with 95% fiducial
limits were calculated in each bioassay to estimate the difference between the test samples. Additional statistical
parameters, such as standard error, chi-square and regression coefficient, were also calculated.

2.5. Effect of Achyranthes aspera Extracts on the Midgut Histo-architecture of Aedes aegypti Larvae

The histological studies were performed on the larvae exposed to hexane extract of the leaf and stem of 4. aspera at
different concentrations; sub-lethal (LC,,), median-lethal (LC,) and lethal (LC,,). A total of 20 larvae were exposed to
the selected concentrations for 6 h, 12 h and 24 h. Moribund larvae were examined to avoid post-mortem changes. The
exposed larvae were fixed in the 10% formaldehyde for 24 h, dehydrated through a graded series of ethanol, cleared
with xylene and embedded in the melted paraffin blocks. The paraffin blocks were sectioned at 3 pm thickness using a
rotary microtome and stained with haematoxylin and eosin. The sections were examined under a light microscope
(Nikon E600) for histological modifications and photographed by a Canon Power Shot Camera (SX50HS).
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3. RESULTS

The mortality of early fourth instars of de. aegypti when exposed to graded series of hexane extract of the leaf and
stem of 4. aspera for 24 h are presented in Table 1 and Fig. 1. The lethal concentrations representing 30%, 50% and
90% larval mortality are presented in Table 2. The data clearly revealed the dose-dependent mortality, the rate of
mortality positively correlated with the concentration of both the extracts. Exposure of early fourth instars of Ae.
aegypti with hexane extract of the leaf of A. aspera resulted in respective LC,,, LC,, and LC,, values of 67, 83 and 140
ppm while larval exposure to hexane extract of the stem showed respective values of 55, 68 and 115 ppm (Table 2). The
hexane extract of the stem of 4. aspera was, thus found 0.82-fold more efficient against dengue larvae as compared to
the hexane extract of the leaf; LC,, value of hexane extract of the leaf found to be 1.21-fold higher than the stem extract.
In contrast, no mortality was recorded in case of negative control while 100% mortality was observed when larvae were
exposed to 0.1 ppm of permethrin.

Table 1. Total larval mortality of early fourth instars (n=20) of Aedes aegypti when exposed to hexane extract of the leaf and
stem of Achyranthes aspera for 24 h.

Concentrations
Hexane Extract (ppm)
Pern(:.elthrin 1000 500 250 150 100 80 60 40 20 |Control
Leaf Extract 20+0.00 [20+0.00{20+0.00|20+0.00{16.50+0.64]15.50+0.28|7.50+0.28(4.00+0.50]0.50+0.28]0.0+0.0{ 0.0+0.0
Stem Extract 20+0.00 |2040.00{20+0.00]20+0.00| 20+0.00 [19.50+0.28(7.50+0.28(5.00+0.40{4.50+0.28(0.0+0.0[ 0.0+0.0

Total larval mortality + SEM, Values are mean of three replicates.

Table 2. Lethal concentrations of hexane extract of the leaf and stem of Achyranthes aspera against early fourth instars of
Aedes aegypti at different mortality levels calculated by regression analysis using computerized statistical program SPSS
(Version 19.0).

Lethal Concentration (ppm)
Extract 3
LC,, LC,, LC,, R.C. X S.E. | df
67 83 140
Hexane Extract of Leaf (56.45-74.56) (73.55-91.86) (120.89-177.65) S i
55 68 115
Hexane Extract of Stem (21.80-70.98) (42.34-92.72) (86.68-440.53) 5.6 15.9 0.9 5

LC,, - Lethal Concentration that kills 30% of the exposed larvae, LC,, - Lethal Concentration that kills 50% of the exposed larvae, LC,, - Lethal
Concentration that kills 90% of the exposed larvae; Values are mean of three replicates; Values in parentheses indicate the lower and upper 95%
fiducial limits; R.C. = Regression Coefficient, y° = Chi-square, S.E. = Standard Error, df = degree of freedom, Test samples were transformed into log
covariant (log10), p > 0.05, level of significance is greater than 0.05, no heterogeneity factor is used in the calculation of confidence limits.

Comparative Larvicidal Potential of Hexane Extract of the Leaf and
Stem of Achyranthes aspera

Leaf Extract

Mortality %

Stem Extract

20 40 60 80 100 200 400 600 800 1000

Concentration (ppm)

Fig. (1). Comparative percent mortality of early fourth instars of Aedes aegypti on exposure to different concentrations of hexane
extract of the leaf and stem of Achyranthes aspera.
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Investigations on the efficacy of 4. aspera extracts as a stomach poison against Ae. aegypti larvae and their impact
on the midgut architecture of early fourth instar larvae of de. aegypti were conducted by exposing larvae at three levels
of lethal concentrations; LC,,, LC,, and LC,,; of hexane extracts of the leaf and stem. Periodic observations were made
at a different exposure time of 6 h, 12 h and 24 h. The results showed that the stem extract, which was found more toxic
to the larval survival, was also observed to impart more deleterious effects on larval midgut histoarchitecture in contrast
to the leaf extract.

Histological observations showed that the midgut of the early fourth instar of Ae. aegypti in negative control assays
(exposed to ethanol alone) (Fig. 2a) was composed of single-layered epithelium consisting of two distinguishable cell
types; columnar (or digestive) cells and regenerative cells resting on a basement membrane. The spherical nuclei;
containing prominent decondensed chromatin and a nucleolus; were located basally. The peritrophic membrane
surrounding the lumen was regular and smoothly attached to the epithelium. While, in case of positive control (exposed
to permethrin), complete destruction of midgut epithelial layer was observed after 24 h of exposure (Fig. 2b).

‘.'/ > Ep
Enlarged portion - ’\

(6h) (12 h) (24 h)

Fig. (2). Photomicrographs of T.S. of midgut epithelium of early fourth instars of Aedes aegypti. a) Exposed to negative control
(ethanol alone) in control experiment; b) Exposed to positive control (permethrin); Epithelial cells (Ep), Nucleus (N), Food bolus
(FB), Peritrophic Membrane (PM), and Basement Membrane (BM) * Magnification: 40X

The histological studies showed conspicuous morphological aberrations in the extract-exposed larvae as compared
to control and the extent of midgut damage was dose-dependent. Also, the exposure to Ae. aegypti larvae to A. aspera
hexane extract of the stem led to more damaging effects as compared to the exposure to leaf extract (Figs. 3-5).
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Fig. (3). Photomicrographs of T.S. of midgut epithelium of early fourth instars of Aedes aegypti exposed to hexane extract of leaf and
stem of Achyranthes aspera at LC,,; Epithelial cells (Ep), Peritrophic Membrane (PM), Nucleus (N), Vacuole (V), and Basement
Membrane (BM) * Magnification: 40X.

The larval exposure to 4. aspera extracts at LC,, level induced lysis of midgut epithelium layer, vacuolization and
partial destruction of the peritrophic membrane and cytoplasmic organelles at 6 h whereas no vacuole was observed in
the control case, epithelium layer was intact and normal. Basement membrane was displaced a little from epithelial
layer. The peritrophic membrane was damaged and broken at several places leading to oozing out of food contents (Fig.
3). Increase in the exposure duration caused the amplified degeneration of the midgut structure of early fourth instars of
Ae. aegypti. Almost half of the midgut epithelial cells degenerated completely. The peritrophic and basement membrane
were dislocated completely. Negligible traces of ruptured epithelial cells signified comprehensive deterioration of entire
midgut structure.

The larval exposure to LCy, and LC,, dosages of hexane extract of the leaf and stem of A. aspera showed more
prominent and marked alterations in the midgut architecture (Figs. 4, 5) of de. aegypti larvae when compared to the
damage caused at sub-lethal dosage. The midgut structure was comprehensively and severely damaged. The epithelial
cells atrophied completely, vacuolization was more distinct and the peritrophic membrane broke at several places with
the muscles tissue ragged completely leading to their detachment from basement membrane. As the exposure duration
increased, the larvae experienced a similar extent of damage caused by permethrin (positive control) (Fig. 2b) with a
high rate of vacuolization with complete degeneration of gut epithelial tissue. Disrupted and disintegrated epithelial
cells were found to be scattered all over the midgut architecture with indistinct luminal contents and cellular structure of
midgut (Fig. 5).
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Fig. (4). Photomicrographs of T.S. of midgut epithelium of early fourth instars of Aedes aegypti exposed to hexane extract of leaf and
stem of Achyranthes aspera at LC,,; Epithelial cells (Ep), Peritrophic Membrane (PM), Nucleus (N), Vacuole (V), and Basement
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Membrane (BM) * Magnification: 40X.
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Fig. (5). Photomicrographs of T.S. of midgut epithelium of early fourth instars of Aedes aegypti exposed to hexane extract of leaf and
stem of Achyranthes aspera at LC,,; Epithelial cells (Ep), Peritrophic Membrane (PM), Nucleus (N), Vacuole (V), Muscle (M) and

LCgq of Stem extract

Basement Membrane (BM) * Magnification: 40X.
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4. DISCUSSION

The mosquito control at the larval stage of development with phytochemicals using several plant parts, i.e., fruit,
flower, leaf, stem and root is one of the cost-effective, easy to use, and environment-friendly method. Over 2000 plants
species have been known to produce such chemicals and metabolites exhibiting high value in pest control programs,
and products of about 344 species among these plants have been reported to own a variety of activities and potentials
against mosquitoes [19, 20]. It has been proved that the utilization of crude or partially purified plant extracts against
mosquitoes are very effective and involve a lesser cost in comparison with purified compounds or extracts [21 - 23].
Since, plant extracts are frequently active against specific target insects and possibly appropriate for use in mosquito
control programme, they could lead to the formulation of new classes of insect control agents that would be possible
safer [24].

The present study showed the varied larvicidal activities of the hexane extract of the leaf and stem of 4. aspera
against Ae. aegypti, the stem extract exhibited higher larvicidal potential as compared to the leaf extract. These results
are in accordance with the findings of Khandagle et al. [25] who also reported the 0.81-fold higher efficacy of stems as
compared to leaves of A. aspera against Ae. aegypti. They evaluated the larvicidal potential of essential oils extracted
from leaves and stems of A. aspera against Cx. quinquefasciatus and the LC,, values reported by them were (Stem
extract — 668 ppm; Leaf extract — 761 ppm) much higher than obtained in present studies. Likewise, Kumar et al. [26]
revealed the appreciable larvicidal potential of hexane extract prepared from 4. aspera stems against Ae. aegypti with
LC,, =58 ppm. Bagavan et al. [27] reported the bio-efficacy of leaves, flowers and the seeds extract prepared from A.
aspera against the fourth instars of An. subpictus and Cx. tritaeniorhynchus whereas the saponins isolated from the
ethyl acetate extract of 4. aspera leaves were found as potential larvicides against Ae. aegypti and Cx. quinquefasciatus.
Similarly, acetone leaf extracts of 4. aspera assayed against different instars of Cx. vishnui revealed LC,, values
ranging from 35.46 ppm to 63.39 ppm, the value decreasing with the increase in the time of exposure [28].

The midgut of the mosquito larva is the organism’s interface with the external environment and performs the
function of digestion, absorption, ion transport, and osmoregulation [29]. Previous investigations have identified the
midgut region of the larvae as the primary site of cellular responses to any toxicant [30]. Ray et al. [31] had also
established that plant extract and their isolated compounds mainly affect the midgut epithelium. The studies have
suggested that the larvicidal substances present in the plant extracts can damage epithelial cells of the midgut, the sites
of digestion and absorption of substances. Irrespective of the type of toxicant used, the comparison of the induced
detrimental changes in the organism designates that these alterations are a common response to cellular intoxication
[32]. It is suggested that the larvicides may cross passively or disrupt the PM structure, which adversely affects the
insect midgut architecture. Disintegration of columnar cells and cytoplasmic vacuolization observed to be a common
response of Ae. aegypti to toxicants. It is suggested to be due to an osmotic imbalance via impairment of ion channels
which further builds up pressure and causes cell lysis leading to luminal-directed casting off of cell portions involved in
the apocrine secretion of digestive enzymes, the renewal or apoptosis processes [33].

The present study also showed distinct histopathological alterations in the midgut of Ae. aegypti early fourth instars
when exposed to 4. aspera stem and leaf extracts. These adversities include enlarged intercellular spaces, increased
cytoplasmic vacuolization, deformed or destructed epithelial layer and disintegrated nuclei and nucleoli. Moreover,
alteration of microvilli and detachment of peritrophic membrane led to the complete destruction of midgut architecture.
These histopathological effects of the hexane extract of leaf and stem of 4. aspera on the midgut architecture of Ae.
aegypti were in agreement with the earlier reports of Gusmao et al. [11], Pavananundt ef al. [32], Costa et al. [10], Abed
et al. [34], Ndione et al. [35] who also observed similar changes in mosquito larvae on exposure to different plant
extracts. Hamouda et al. [36] observed vacuolated epithelial layer, enflamed cells, the presence of cellular material
masses in the lumen leading to loss of normal appearance of the midgut epithelium of Cx. pipiens larvae after exposure
to Artemisia judaica extract. They also found that larvae treated with Anagallis arvensis showed ruptured cell wall and
marked destruction of the peritrophic membrane. Lethal disruption of the peritrophic membrane, cell disintegration and
separation of basal membranes was reported by Gusmao et al. [11] on the treatment of Ae. aegypti larvae with an
aqueous suspension of ethanol extract of D. urucu. Costa et al. [10] studied morphological changes in the midgut of Ae.
aegypti larvae following treatment with a methanolic extract of A. coriacea and observed enlargement of apical
surfaces, cytoplasmic vacuolization, luminal-directed elimination of portions of the apical cytoplasm from columnar
midgut cells.
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Extracts of Copaifer reticulata caused the total or partial destruction of midgut epithelial cells, vacuolization of
cytoplasm, complete damage to the peritrophic matrix [34] of de. aegypti larvae. The midgut columnar cells of Ae.
aegypti responded with intense cytoplasmic vacuolization following treatment with M. pubescens extracts [37] and with
S. saponaria [38]. The histopathological effects of neem products on the larvae of Ae. aegypti showed serious damages
of the columnar epithelial cells, perturbation of alimentary flow in the alimentary canal, slight hypertrophy of some
cells, vacuolization degeneration and extensive lysis of some cells [35]. Kaewnang-O et al. [39] tested the impact of
fixed oil and crude extract from sa-dao-thiam, Azadirachta excels (Jack) seed kernel against Ae. aegypti and observed
damaged midgut epithelial cells, noted hypertrophy and degeneration of the epithelial cells ensuing in existence of some
cytoplasmic material in the alimentary canal. The midgut epithelial cells of de. aegypti responded with intense cell
vacuolization, rupture of epithelial walls, microvillus damage, leakage or passing of cell contents into the lumen
following treatment with a Melia azedarach extract [23] and Matricharia chamomella extracts [40] against Cx.
quinquefasciatus. Histological studies of Cassia siamea leaf aqueous extract against Ae. aegypti larvae showed partial
damage to epithelial cells through local detachment from the basal membrane, degeneration of microvilli and
appearance of several vesicles and cytoplasm masses [32]. Similar histopathological alterations were reported by
Jiraungkoorskul et al. [41] against Cx. quinquefasciatus larvae and lesions, swelling, and deformation or elongation of
the midgut epithelial cells were recorded on exposure to aqueous leaf extract of C. siamea. Elumalai et al. [42] isolated
catechin from the Leucas aspera, evaluated its histopathological effects on the fourth-instar larvae of Ae. aegypti, An.
stephensi and Cx. quinquefasciatus and observed the midgut epithelial layer as the main site affected intensely.
Moreover, they noticed disarrangement, swelling, and distinct protrusion of columnar cells into the gut lumen,
separation of epithelial cells from the basement membrane, vacuolization and nuclei of enlargement gut cells.

CONCLUSION

The results of our investigation revealed the toxic potential of A. aspera leaf and stem extracts against early fourth
instars of de. aegypti. The potential of extract was found to be increasing with increasing concentration and time of
exposure, hexane extract of stem exhibiting higher potential in comparison to the leaf extract. The hexane leaf and stem
extract also imposed deleterious effect on the gut-histoarchitecture leading to death of the exposed larvae. The extracts,
thus demonstrated its stomach poison properties against Ae. aegypti larvae. Being natural in origin, easily biodegradable
to non-toxic byproducts and cost-effective, the use of A. aspera can be recommended as a promising botanical
insecticide in the fields to control the dengue vector. However, further researches are needed to investigate the plant
against non-target population and other mosquito species to establish its effective use in in the mosquito control
program. Identification and isolation of bioactive phytoconstituent will be useful to devise control strategies.
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