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Objective: To explore the
larvicidal activity of Pongamia
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the Aedes vittatus, an emerging
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threat to public health.

Methods: Secondary metabolites from the leaves of P. pinnata were
extracted using Water, Methanol, Ethanol, Hexane, and Acetone as
solvents. From each extract, 5 different concentrations (50, 100,
150, 200, 250 PPMs) were prepared and tested for their larvicidal
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efficacy against the 4™ instars of Aedes vittatus under laboratory
conditions.

Results: All the extracts collected by using different solvents
showed good larvicidal effects after 24 hours of exposure. However,
the highest larval mortality was found in the methanolic extract of P.
pinnata leaves followed by aqueous, ethanolic, hexane, and acetone
extracts in the same order. Dose-dependent responses were
observed. Mortality percentages of 100%, 98.33%, 83.33, 81.66%,
and 76.66% were obtained by methanolic, Aqueous, ethanolic,
hexane, and acetone extracts, respectively.

Conclusions: The Methanolic and aqueous extracts of P. pinnata
leaves were proven to possess efficacy as ideal larvicides against the
larvae of Ae. vittatus. Hence, the leaf extract of P. pinnata may be
used to control this emerging threat to human health.

Keywords: Larvicides, Insecticides, Biopesticides, Vector control, Vector-
borne diseases

INTRODUCTION

More than 219 million cases and 400,000 deaths occur yearly due to Malaria while
3.9 billion people in over 129 countries are at risk of Dengue, with an estimated
40,000 deaths yearly. Mosquitos also transmit many viral diseases such as
chikungunya fever, Zika virus fever, yellow fever, West Nile fever, and Japanese
encephalitis'. According to a report by WHO?, there were an estimated 241 million
malaria cases and 627 000 malaria deaths worldwide in 2020. From time
immemorial, man has been using plant products such as neem leaves and flowers of
Chrysanthemum cinerariaefolium against many arthropod pests®. Pesticides are a
major tool in controlling insect pests of agricultural and health importance®.
Indiscriminative usage of pesticides has negative effects such as environmental
pollution, loss of biodiversity, and human health issues ranging from nerve damage
to cancers’.

Aedes vittatus, an important vector and pest mosquito, has a wide distribution
in many tropical and subtropical countries worldwide, such as India, the Ashanti
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region of Ghana, southern Nigeria, the Jaffna peninsula in northern Sri Lanka,
Galicia, Metema and Humera in Ethiopia, southwestern Iran and Khuzistan
province, Jarabacoa in the Dominican Republic, and urban Islamabad area of
Pakistan®'. In recent years, Ae. vittatus has been linked to several viruses with
public health implications, including the Zika virus (ZIKV), yellow fever virus
(YFV), dengue virus (DENV), and chikungunya virus (CHIKV). The species has
also been considered a potential vector for Japanese encephalitis virus (JEV), West
Nile virus (WNV), Chandipura virus (CHPV), and Chittoor virus (CHITV)',
Studies have also identified Ae. vittatus as the vector for chikungunya virus in
various regions of Kenya'® and the species has been found to facilitate the growth
of the DEN-2 virus'®. Additionally, research has indicated that, Ae. vittatus is a
carrier of Setaria digitata"’.

Formulations of natural origin with pesticidal action are called biopesticides'®.
Many plant products are in usage as pesticides for the past 4000 years ago'®. Several
studies have explored the potential of natural products as mosquito control agents.
One such study examined different fractions from Lantana camara flowers and their
repellent properties against Aedes mosquitoes®’. Another study found that the
essential oil of Kaempferia galangal L. and its major chemical constituents exhibited
larvicidal activity against Ae. vittatus™'. Additionally, the n-Hexane extract of Persea
americana seeds demonstrated high potency against Ae. vitfatus larvae, with the
most effective fraction containing dominant fatty acid and fatty acid methyl esters®.

The current study aimed to investigate the insecticidal activity of Pongamia
pinnata leaf extracts at various concentrations (50, 100, 150, 200, and 250 ppm)
against the 4™ instar larvae of Ae. vittatus.

MATERIALS & METHODS

(1) Test insect culture: Early-stage larvae of the Aedes vittatus were collected
from the lake and rockpools located in the Osmania University campus,
Hyderabad, Telangana State, India. They were reared in glass troughs by
providing yeast and dog biscuits in a 3:1 ratio. Fourth instar larvae were used
in larvicidal bioassay.

(2) Pongamia pinnata Leaf extracts preparation: Good-quality leaves of the P.
pinnata were collected from the Osmania University campus, were washed
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first with running tap water and then with distilled water and shade dried for 15
days. Later the dried leaves were powdered by an electrical blender. Aqueous,
methanolic, Ethanolic, Hexane, and Acetone extracts were collected from the
powdered samples using the Soxhlet apparatus and a Rotary evaporator.
Aqueous extracts were collected by boiling the powder in distilled water
followed by filtration. Five different concentrations (50, 100, 150, 200, and
250 ppm) of extracts by dilution with distilled water and Tween 80.

Phytochemical Analysis: Various tests were performed to detect the presence
of secondary metabolites in the prepared extracts. Alkaloids were identified
using the Mayor's Test, in which the Mayor's reagent was added and the
formation of a cream-colored precipitate was observed. The Alkaline Reagent
Test was used to identify flavonoids, which produced a yellow color upon
adding NaOH. Terpenoids were detected using the Salkowski Test, where the
addition of concentrated H,SO, resulted in a red or orange color. The Froth
Test was utilized to identify saponins, where the formation of foam occurred
with vigorous shaking. The Keller-Killiani Test was conducted to identify
glycosides, in which the addition of HCI and FeCl; produced a red or violet
colour. Finally, the NaOH Test was performed to identify polyphenols, and the
addition of NaOH resulted in yellow colour.

Test Solutions Preparation: 1 g of the residues from the extraction was added
to 985 mL of Distilled water, 5 mL of Tween 80 and 10 mL of respective
solvents separately to prepare 1000 ppm stock solutions. By serial dilution, 5
different concentrations (50, 100, 150, 200 and 250 ppm) were prepared using
distilled water. Control solutions were prepared using the respective solvents
excluding the extracts.

Larvicidal Bioassay: For the larvicidal bioassay test, WHO guidelines® were
followed. Larvae were taken in three batches of 20 in 100 mL of prepared test
solutions separately in 250 mL test cups. The number of dead larvae was
counted after 6, 12 and 24 h of exposure, and the percentage mortality was
reported from the average of five replicates using the following equation.

9%PM = (No of dead larvae / Total larvae population) x 100.

Corrected mortalities were calculated using Abbotts’s** formula.
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Corrected Mortality (%) =

Statistical analysis: Microsoft Excel software was used to subject the results
to one-way analysis of variance (ANOVA). The level of significance was set at
p<0.05. Probit analysis was conducted to -calculate LCsy & LCy
concentrations.

RESULTS & DISCUSSION

Phytochemical Analysis: The results of the phytochemical analysis (Table
No.1) show that P. pinnata leaf extracts contain a wide range of
phytochemicals. The methanol extract showed the presence of the highest
number of phytochemicals, including alkaloids, flavonoids, saponins,
terpenoids, polyphenols, and glycosides. The ethanol extract also showed the
presence of most of these phytochemicals, although in a slightly lower
abundance. The water extract showed the presence of alkaloids, flavonoids,
saponins, terpenoids, polyphenols, and glycosides, albeit in a lower abundance
than the methanol extracts. The hexane and acetone extracts showed the
presence of only a few phytochemicals, with the acetone extract containing
only flavonoids and terpenoids. The methanol, ethanol and aqueous extracts
showed the highest abundance of these phytochemicals, making them
potentially useful in the control of pests.

Table 1. Identified secondary metabolites in the Pongamia pinnata leaf extracts.
Absent: -; Slightly Present: +; Moderately present: ++; Heavily present: +++.

Extracts Alkaloids Flavonoids Saponins Terpenoids Polyphenols Glycosides

Water + ++ + + ++ +
Ethanol ++ + ++ + ++ +
Methanol +++ ++ ++ ++ +++ ++
Hexane - - + + + B
Acetone - + - + - -
(2) Larvicidal Bioassay: The results of the larvicidal bioassay (Table 2 and Fig.

1) revealed that the aqueous, methanolic, and ethanolic extracts of P. pinnata
leaves possessed significant larvicidal activity against Ae. vittatus larvae.
Among the different solvent extracts, the methanolic extract demonstrated the
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highest larvicidal activity, with a mortality percentage of 28.33 £+ 0.53 at 50
ppm, 53.33 £ 0.74 at 100 ppm, 73.33 + 0.35 at 150 ppm, 88.33 + (0.35 at 200
ppm, and 100 = 0.52 at 250 ppm. Notably, the 250 ppm concentration of the
methanolic extract resulted in the complete mortality of Ae. vittatus larvae.

Table 2. Pongamia pinnata leaf extracts larval mortality percentages + Standard
Deviations against the 4, Instar larvae of Aedes vittatus

Conc. In ppm  Aqueous Methanolic Ethanolic Hexane Acetone
0 0 0 0 0 0
50 28.33£0.53 3333+046 1833+046 26.66+0.71 16.66+0.64
100 5333+0.53 5333+£0.74 3833+0.71 4333+046 33.33+0.46
150 66.66 £0.51 73.33+£0.35 61.66+0.75 53.33+0.52 41.66+0.46
200 78.33+0.35 88.33+0.35 71.66+0.74 61.66+0.64 63.33+0.71
250 98.33+1.30 100+0.52 83.33+0.53 81.66+0.53 76.66+0.53

The ethanolic extract also exhibited significant larvicidal activity against Ae.
vittatus larvae, with a mortality percentage of 18.33 + 0.46 at 50 ppm, 38.33 £ 0.71
at 100 ppm, 61.66 + 0.75 at 150 ppm, 71.66 £ 0.74 at 200 ppm, and 83.33 + 0.53 at
250 ppm. Similarly, the aqueous extract demonstrated a mortality percentage of
28.33 £0.53 at 50 ppm, 53.33 + 0.74 at 100 ppm, 66.66 + 0.51 at 150 ppm, 78.33 +
0.35 at 200 ppm, and 98.33 + 1.30 at 250 ppm.

On the other hand, the hexane and acetone extracts of P. pinnata leaves
exhibited relatively low larvicidal activity against Ae. vittatus larvae. The hexane
extract showed a mortality percentage of 26.66 + 0.71 at 50 ppm, 43.33 + 0.46 at
100 ppm, 53.33 £ 0.52 at 150 ppm, 61.66 £ 0.64 at 200 ppm, and 81.66 + (.53 at
250 ppm. The acetone extract showed a mortality percentage of 16.66 + 0.64 at 50
ppm, 33.33 + 0.46 at 100 ppm, 41.66 + 0.46 at 150 ppm, 63.33 £ 0.71 at 200 ppm,
and 76.66 + 0.53 at 250 ppm.
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Fig 1. Pongamia pinnata leaf extracts larvicidal efficacy against the 4th Instar larvae of Aedes
vittatus. (A) Bar graph of mortality percentages of different extracts; (B) Line fit plot of
Methanolic extracts; (C) Line fit plot of Ethanolic extracts; (D) Line fit plot of Aqueous
extracts; (E) Line fit plot of Hexane extracts; and (F) Line fit plot of Acetone extracts
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Table 3 and Fig. 2 show the LC50 and LCy, values of the different extracts of
P. pinnata against the 4™ instar larvae of Ae. vittatus in the present study. Among
the extracts tested, the methanolic extract displayed the lowest LCs, value of 104.43
ppm, with 95% confidence limits of 104.13 and 104.92, and an LCq, value of
206.63 ppm, with 95% confidence limits of 206.33 and 207.12. The aqueous extract
showed an LC50 value of 113.86 ppm, with 95% confidence limits of 113.57 and
114.32, and an LCyy value of 220.73 ppm, with 95% confidence limits of 220.44
and 221.19. The ethanolic extract exhibited moderate LCsy and LCq values with an
LC50 value of 137.99 ppm, with 95% confidence limits of 137.77 and 138.42, and
an LCyy value of 254.68 ppm, with 95% confidence limits of 254.46 and 255.11.
The hexane and acetone extracts displayed the highest LCsy and LCy, values in the
present study. The LCsg values of the hexane and acetone extracts were found to be
143.17 ppm and 162.5 ppm, respectively, and LCyqy values were found to be 276.55
ppm and 294.16 ppm, respectively.

Table 3. LCsy and LCy, values (ppm) of Pongamia pinnata leaf extracts against the 4th
Instar larvae of Aedes vittatus

LCs, LCy

Extract LCs 95% Confidence limits LCy, 95% Confidence limits

LCL UCL LCL UCL
Aqueous 113.86 113.57 114.32 220.73 220.44 221.19
Methanolic 104.43 104.13 104.92 206.63 206.33 207.12
Ethanolic 137.99 137.77 138.42 254.68 254.46 255.11
Hexane 143.17 142.98 143.50 276.55 276.36 276.88
Acetone 162.5 162.26 162.86 294.16 293.92 294.52

In summary, the methanolic extract of P. pinnata leaves demonstrated the
highest larvicidal activity, followed by Aqueous and ethanolic extracts against Ae.
vittatus larvae, whereas the Hexane and Acetone extracts exhibited the lowest
activity.

Similar results were obtained in a previous study”. In that study, the
methanolic extracts of P. pinnata showed better larvicidal efficacy than
hydroalcoholic extracts against the larvae of Culex quinquefasciatus and Ae.
aegyptii with LCs, values of 84.8 ppm and 118.2 ppm respectively and with LCyy
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values of 184.7 ppm and 227.0 ppm, respectively. These findings indicate that the
methanolic extract may have the potential to serve as a natural larvicide for
controlling Aedes vittatus populations. Future studies should focus on isolating and
identifying the bioactive compounds responsible for the observed larvicidal
activity.
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Figure 2. LCs, and LCy, concentrations of the tested Pongamia pinnata leaf extracts against the
4th Instar larvae of Aedes vittatus.

CONCLUSION

In conclusion, the phytochemical analysis of P. pinnata leaves revealed the
presence of a diverse range of phytochemicals, with the methanol extract showing
the highest abundance of phytochemicals. The larvicidal bioassay demonstrated
significant larvicidal activity of the aqueous, methanolic, and ethanolic extracts of
P. pinnata leaves against Ae. vittatus larvae, with the methanolic extract exhibiting
the highest activity. The hexane and acetone extracts showed relatively low activity
against the larvae. The methanolic extract displayed the lowest LCsy and LCyg
values, while the hexane and acetone extracts had the highest values. These
findings suggest that the methanolic extract of P. pinnata leaves has the potential as
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a natural pesticide against Ae. vittatus larvae. The results of this study are consistent
with those of previous studies on the larvicidal activity of P. pinnata.
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