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ABSTRACT

Background: Mosquitoes transmit diseases like malaria and dengue, causing significant health risks. Synthetic insecticides
are commonly used for control, they have harmful effects on humans, animals, and the environment. This research evaluates
the insecticidal efficacy of Silver nanoparticles synthesized from Petiveria alliacea root (PaR-AgNPs) and Petiveria alliacea
leaf (PaL-AgNPs) against larvae and adults de. Aegypti.

Methodology: The nano-insecticides were applied at four different concentrations (25, 50, 75, and 100%) v/v with four repli-
cates arranged in a completely randomized design. Synthetic insecticides (Deltamethrin) and control were included in the
treatments which were carried out at the Nigeria Institute of Medical Research (NIMR), Lagos, Nigeria. Silver nitrate was
used in the biosynthesis of AgNPs by P. alliacea leat (PaL-AgNPs) and root (PaR-AgNPs) with maxima absorbance ranging
from 5.95-76.91 nm in size.

Results: The results showed that the biosynthesized AgNPs exhibited both larvicidal and adulticidal effects on the targeted
mosquito. Also, the efficacy of the tested nano-insecticides is influenced by concentration and hours of exposure. The tested
nano-insecticides achieved 100 % larval mortality at 100% v/v after 48 hours of exposure. PaR-AgNPs and PaL-AgNPs
demonstrated similar effectiveness in controlling Ae. aegypti larvae. However, PaR-AgNPs showed a significantly higher
mortality (100%) compared to PaL-AgNPs, which caused 97.5% and 95.0% mortality in adult mosquitoes through contact
and fumigant bioassays respectively, at 100% v/v after 48 hours of exposure. However, the tested nano-insecticides had a
delayed effect compared to Deltamethrin.

Conclusion: This study showed how plant-based AgNPs can serve as efficient larvicides and adulticides in the control of
disease vectors.
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1.0 INTRODUCTION

The increasing prevalence of diseases spread by vectors,
particularly those transmitted by Aedes aegypti mosqui-
toes, represents a significant global health concern [1].
With over 3,500 mosquito species identified, only female
mosquitoes feed on blood, essential for reproduction,
making them key vectors for disease transmission [2-4].
The Ae. aegypti mosquito, commonly called the yellow
fever mosquito, is a known vector for diseases such as
dengue, chikungunya, Zika virus, and yellow fever [5, 6].
Yellow fever, caused by a virus from the Flavivirus ge-
nus, is predominantly found in tropical and subtropical
regions of South America and Africa. The disease is pri-
marily transmitted through the bites of infected female
Aedes aegypti mosquitoes, which serve as its main vec-
tors [7, 8]. Mosquito populations have become more
widely distributed due to the impacts of urbanisation and
climate change [9]. Climate change further exacerbates
this issue by altering temperature and precipitation pat-
terns, which can expand the geographical range of mos-
quito species and increase their reproductive rates [9, 10].
Vector-borne diseases impose significant economic bur-
dens through healthcare costs, lost productivity, and im-
pacts on various sectors [11-13]. The World Health Or-
ganization estimates that yellow fever affects approxi-
mately 200,000 individuals annually, with a substantial
number of deaths occurring in these endemic regions.
However, some estimates suggest that the number of
deaths may be lower due to underreporting [9, 14]. This
shows the importance of implementing preventive strate-
gies, including mosquito control, vaccination programs,
and public health education. Controlling mosquito popu-
lations is essential to mitigate the serious health risks as-
sociated with mosquito-borne diseases, which can lead to
fatalities and long-term health complications [15]. Strate-
gies for controlling mosquito populations help in mini-
mising the spread of mosquito-borne diseases. These
methods encompass biological control, chemical pesti-
cides, source reduction, and genetic modification. Biolog-
ical control measures, such as using Bacillus thurin-
giensis israelensis (Bti), have proven effective in decreas-
ing both larval and adult mosquito populations [16, 17].
Chemical approaches, including indoor residual spraying
(IRS) and insecticide-treated nets (ITNs), are commonly
employed for mosquito control. However, their effective-
ness is increasingly hindered by the development of in-
secticide resistance potential negative impacts on the en-

vironment [18, 19]. Therefore, there is a need for effec-
tive and eco-friendly mosquito control strategies.

Bioinsecticides, sourced from natural materials like
plants, insects, and other biological substances, offer an
environmentally friendly alternative to chemical insecti-
cides. They are effective in pest management while mini-
mising environmental harm and posing fewer risks to
human health [20-22].

Nanotechnology is emerging as a valuable innovation in
insect pest management, especially in the creation of
nano-insecticides based on plant extracts. These nanopar-
ticles, typically 1 to 100 nm, include materials like silver
and gold. This approach aligns with the principles of bio-
insecticides, providing sustainable and effective solutions
for controlling pests [20, 23-25]. Biosynthesis, utilising
biological agents like microorganisms and plant extracts,
offers an eco-friendly approach for nanoparticle synthe-
sis, mainly synthesising silver nanoparticles (AgNPs)
using plant extracts, which holds a significant promise
strategy for insect control [26]. This biosynthesis method
offers an eco-friendly alternative to conventional chemi-
cal synthesis [27] and uses plant-derived phytochemicals
to reduce and stabilise [28, 29]. Among various nanopar-
ticles (Au, Pt, Se, Zn, Fe), silver nanoparticles (AgNPs)
are the most widely commercialised [30]. The distinctive
properties of silver nanoparticles, including their high
surface area-to-volume ratio and ability to interact with
biological systems, make them effective against a range
of pathogens and pests [31, 32]. The use of plant species
in the manufacturing of nanoparticles is acknowledged as
a more reliable, environmentally friendly strategy [33].
Petiveria alliacea L., commonly known as guinea hen
weed or anamu, is a perennial shrub belonging to the
Phytolaccaceae family that is extensively found in tropi-
cal regions of Africa, the Caribbean, South America, and
some other countries [34, 35]. It is widely utilised in tra-
ditional medicine as a possible treatment for a variety of
central nervous system conditions, such as anxiety, sad-
ness, pain, epilepsy, and memory loss [36]. Research has
shown that the leaves and roots of P. alliacea possess
mosquito and insect pest-repellent properties [37].

Assessing the insecticidal effectiveness of biosynthesised
AgNPs will add to the growing research supporting the
use of nanotechnology in vector control strategies. There-
fore, this study aims to evaluate the insecticidal efficacy
of nanoparticles synthesised from P. alliacea plant parts
(i.e. root and leaf) against Ae. aegypti mosquito.
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2.0 METHODOLOGY
2.1 Study area

The experiment was conducted at the Nigeria Institute of
Medical Research (NIMR), Entomology Insectary Lagos,
Nigeria.

2.2 Preparation of Plant Powder

The plant materials (P.alliacea leaf and root) were col-
lected from Ladoke Akintola University of Technology
(LAUTECH), Teaching and Research Farm Ogbomoso,
Nigeria. And air-dried for three weeks. An electric grind-
er (Silvercrest commercial blender 7000 watts) was used
to grind the air-dried plant materials into powdered form,
and 10 grams of each powdered plant material were taken
to the Microbiology Laboratory at LAUTECH to biosyn-
thesised.

2.3 Biosynthesis of Silver Nanoparticles

Preparation of the nanoparticle solution was done in line
with the procedures already laid down by Lateef et al.
[38] with slight modification (Plate 1). Each selected
plant part (P. alliacea root- PaR-AgNPs and P. alliacea
leaf — PaR-AgNPs) powder was dissolved in 100 ml of
distilled water. The solution was incubated in a water bath
at 4000 rpm (revolutions per minute) for 20 minutes. The
clear supernatant was synthesised with 1 mM of silver
nitrate solution. This was placed under sunlight for photo-
activation and was observed for a colour change until the
colour stabilised. The biosynthesised AgNPs were charac-
terised by UV-—spectroscopy, Fourier transform infrared
spectroscopy (FTIR)

2.4 Rearing of Aedes aegypti

Ae. aegypti larvae were collected from larval habitats in
the surrounding area such as abandoned tires and tiles
lock containers. The larvae collected thus were identified

at the Nigeria Institute of Medical Research (NIMR) ento-
mology laboratory. Larvae were maintained in larvae
bowls with the original water from which they were col-
lected and fed with a diet of finely ground biscuits and
yeast (1:3) at 28+2°C and 75 85% relative humidity. The
rearing conditions were maintained at a constant tempera-
ture between 25°C and 28°C, with a photoperiod of 12-14
hours of light per day and relative humidity between 70—
80%, regularly monitored for optimal larval development.
Upon emergence, the adult mosquitoes were transferred
to mosquito cages, where they had access to sugar solu-
tion.

2.5 Treatments applied

Nano Petiveria alliacea Root (PaR-AgNPs)- (25, 50, 75,
100% v/v); Nano Petiveria alliacea leaf (PaL-AgNPs)-
(25, 50, 75, 100% v/v); Deltamethrin- (100% v/v); and
Control- (0% v/v)

2.6 Bioassay
2.6.1 Larvae bioassay

The larvicidal efficacy of silver nanoparticles derived
from various plant extracts was tested against 4th instar
larvae of Ae. aegypti arranged in a Complete Randomized
Design into four replicates which each disposable cup
was filled with 48 ml of distilled water and then treated
with 2 ml of the desired concentration of Silver nanoparti-
cles (AgNPs) solution, and 10 larvae were added into
each cup then fed with larvae feed. Their mortality rates
were compared to the synthetic insecticide (deltamethrin)
and the untreated larvae. The numbers of dead larvae
were counted after 1h, 24h, and 48h of exposure, and the
percentage mortality was recorded for the average of four
replicates.

2.6.2 Contact bioassay
This method followed the WHO tube test [39]. Clean

Air- dried

P.alliacea Leaves

Air- dried

’ ’ » DO
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Plate 1: Scheme for the biosynthesised AgNPs using the P. alliacea leaf and root.
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white papers were treated with 1 ml of biosynthesised
silver nanoparticles (AgNPs) from Petiveria alliacea
roots and leaves, as well as silver nitrate, at concentra-
tions of 25%, 50%, 75%, and 100% (v/v). Deltamethrin
and Untreated mosquitoes were included for comparison.
The treated papers were allowed to air dry for 10 minutes
before being placed in exposure tubes, with untreated
papers in holding tubes. Twenty female mosquitoes were
introduced into each holding tube and then moved to ex-
posure tubes after 1 hour. Knockdown was recorded at
10-minute intervals for 60 minutes. Mosquitoes were
returned to the holding tubes and fed with sugar solution,
with mortality observed after 1, 24, and 48 hours.

2.6.3 Fumigant bioassay

Fumigant tests were conducted following Lucia et al.
[40] with minor modifications. Pieces of 0.5 g cotton
wool were soaked with 1 ml of biosynthesised AgNPs
from P. alliacea roots and leaves of 25%, 50%, 75%, and
100% (v/v). Deltamethrin and control were also used for
comparison. The treated cotton wool was placed in slides
within holding tubes containing 20 female mosquitoes
and kept in an insectary at 28+2°C and 75%—85% RH
The number of knocked-down mosquitoes was recorded
every 10 minutes for 1 hour. After 1, 24, and 48 hours,
the number of dead mosquitoes was recorded based on
lack of movement, flight, standing ability, or dislodged
wings.

2.7 Data analysis

The percentage of mortality was calculated by using the
formula stated by Babarinde et al. [41].

% Mortality = Number of dead Larvae % 100
Number of introduced Larvea
. % Test Mortality—% Control Mortalit
Corrected Mortality% = o Test Mortality—% Control Mortality 4

100-% Control Mortality

Data were subjected to a two-way analysis of variance
(ANOVA) to check for significance using Duncan’s new
multiple-range test of 5 % probability.

3.0 RESULTS

3.1 The biosynthesis of Nano P. alliacea leaf (PalL-
AgNPs) and Nano P. alliacea root (PaR-AgNPs)

The biosynthesis and characterization of AgNPs as pre-
sented in (Figure 1A), the leaf and root extract of P. al-
liacea biosynthesised AgNPs (Nano P. alliacea leaf (PalL
-AgNPs) and Nano P. alliacea root (PaR-AgNPs)) in 10

minutes under ambient conditions of temperature (30 +
2°C) with typical dark brown colour for PaL-AgNPs and
light brown colour for PaR-AgNPs which deepened over
time and stabilised eventually after 25 min. Absorbance
at these wavelengths is due to the unique surface plas-
mon resonance of the biosynthesised AgNPs, and the
values reported here are within the range of 391- 460 nm
(Figure 1B).

1 _—+—Silver nitrate —#—PaL PaR == Pal-AgNPs =«4:-- PaR-AgNPs
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Figure 1. The course of biosynthesis of Nano P. alliacea leaf (PaL-
AgNPs) and Nano P. alliacea root (PaR-AgNPs) shows (A) biosyn-
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Figure 2. FTIR spectra of Nano P. alliacea leaf (PaL-AgNPs) and

Nano P. alliacea root (PaR-AgNPs)

3.2 FTIR spectra of Nano P. alliacea leaf (PalL-
AgNPs) and Nano P. alliacea root (PaR-AgNPs)

Also, FTIR absorption spectra revealed distinct and
prominent bands at 3030, 2121, 2013, 1938, 1745, 1575,
1284, and 643 cm-1 for Nano P. alliacea leaf, which are
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observed to be close to 3029, 2108, 1933, 1576, and
1222 cm-1 obtained for Nano P. alliacea root (Figure 2).
Also, other closely related minor peaks obtained were
shown at 3551, 2516, 1347, 1104, 1028 and 813 cm-1 for
Nano P. alliacea leaf and 3536, 2509, 1741, 1361, 976
and 720 cm-1 for Nano P. alliacea root.

3.4 The TEM analysis

The results from TEM analysis (Figure 3) clearly showed
that the particles of both PaL-AgNPs and PaR-AgNPs
were spherical with the presence of silver. While Pal.-
AgNPs ranged in size from 5.95 to 28.91 nm, the PaR-
AgNPs were 11.89 to 76.19 nm. These observations con-
cur with those of Lateef ef al. [42], who reported that the
spherical AgNPs were biosynthesised by the leaf and
root extracts of P. alliacea.

PaL-AgNPs
( *
-
e,
>
’ ® .
\ 50 nm
TEM EDX
& &
393 nm
e
14.42 ningy
100 o 16%6 nm

PaR-AgNPs

Figure 3: The TEM micrographs (a) Field Emission from Scanning
Electron Micrography of biosynthesised Petiveria alliacea root and
leaf (b) EDX spectra of the biosynthesised AgNPS

3.5 Effect of Insecticides on Aedes aegypti Mosquito
Larvae

Table 1 presents the mortality rates of Ae. aegypti mos-
quito larvae exposed to various insecticides over 1, 24,
and 48 hours. The control group, with 0% v/v concentra-
tion, showed no mortality across all exposure times. PaR-
AgNPs and PaL-AgNPs demonstrated increased efficacy
with higher concentrations and longer exposure times,
with a complete mortality rate of 100% at 100% v/v after
48 hours of exposure. PaR-AgNPs, at 25% v/v, mortality

Table 1. Effect of Insecticides on Aedes aegypti Mosquito Larvae

Hours of Exposure

Treatment Rate (%) v/v 1 24 48
Deltamethrin 100 100.0* 100.0° 100.0*
Control 0 0.0° 0.0° 0.0°
PaR-AgNPs
25 0.0° 10.0° 30.0¢
50 0.0° 32.5¢ 50.0°
75 0.0° 52.5° 90.0°
100 0.0° 77.5% 100.0°
PaR-AgNPs
25 0.0° 7.5¢ 32.54
50 0.0° 32.5¢ 65.0°
75 0.0° 57.5° 95.0°
100 0.0° 77.5% 100.0°

Means with the same superscript(s) are not significantly different at
5% probability.

was 0% at 1 hour but increased to 10% at 24 hours and
30% at 48 hours. At 100% v/v, the mortality rate in-
creased from 0% at 1 hour to 77.5% at 24 hours. Pal-
AgNPs, at 25% v/v, had no mortality after 1 hour, but
after 48 hours, a mortality of 32.5% was observed. At
100% v/v, it reached 77.5% mortality at 24 hours.

3.6 Effect of nano-insecticides application rates on
Aedes aegypti

As revealed in (Figure 4), there was no mortality in the
untreated mosquito larvae population throughout the ex-
perimental trial. At 25 %v/v, 31.2 % mortality was rec-
orded, while at 57.5%, death was observed at 50 % v/v.
However, the mortality rate increased to 92.5% at 75 %
v/v, and at the highest concentration, the mortality
reached 100.0% in the tested larvae. Also, through con-
tact toxicity applied on the tested adult mosquito at 100%
v/v, the mortality rate was 99.2%, statistically higher

BLARVAE B CONTACT ® FUMIGANT
120 4

100 +

MORTALITY (%)
] 2 -]

B

0.0¢ 0.0 0.0*

] 15

75 100

50
RATES (%)v/v
Figure 4: Effect of nano-insecticides application rates on Ae.cegypti
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than other tested concentrations. At 75% v/v, 90.0% mor-
tality was achieved, 62.5% mortality was observed at
50% v/v, while 25% v/v had the least mortality (47.5%).
Through fumigant toxicity on adult Ae. aegypti. There
was no mortality at 0% v/v. while, 25% v/v, exhibited
41.3% mortality. At 50% v/v, mortality increased to
52.5% and 73.8% at 75% v/v. However, 98.3% mortality
was achieved with the highest concentration.

3.7 Effect of Insecticides on Aedes aegypti Mosquito
through contact bioassay

Table 2 shows the mortality % of Ae. aegypti mosquitoes
exposed to insecticides through contact bioassay. The
untreated control group exhibited 0% mortality all
through the time of exposure. PaR-AgNPs at 100% v/v
achieved 62.5% mortality after 1 hour and 100% mortali-
ty after 24 and 48 hours. Meanwhile, PalL-AgNPs at
100% v/v had 72.5% mortality after 1 hour, 82.5% after
24 hours, and 97.5% mortality after 48 hours. However,
Deltamethrin killed 100% of the targeted adult mosqui-
toes within an hour.

Table 2. Effect of Insecticides on Aedes aegypti Mosquito through
contact bioassay

Hours of Exposure

Treatment Rate (%) viv 1 24 48
Deltame- 100 100.0*  100.0* 100.0*
thrin
Control 0 0.0 0.0 0.0
PaR-AgNPs
25 0.0 15.0° 37.5°
50 10.0¢  35.0¢ 55.0¢
75 25.0%¢  75.0% 95.0®
100 62.5  100.0° 100.0°
PaL-AgNPs
25 4254 4259 57.5%
50 52.5%  42.5¢ 70.0°
75 67.5° 67.5° 85.0°
100 72.5° 82.5° 97.5%

Means with the same superscript(s) are not significantly differ-
ent at 5% probability

3.8 Effect of Insecticides on Aedes aegypti Mosquito
through fumigant bioassay

Table 3 shows a significant difference among the treat-
ments applied through fumigant. No mortality was de-
tected in the untreated mosquitoes. After 1 hour of expo-
sure, deltamethrin demonstrated 100% mortality, fol-
lowed by PaR-AgNPs at 100% v/v with 75% mortality.
Amidst the nano-insecticides, PaR-AgNPs had the high-
est significant effect at 100% v/v, resulting in complete
mortality (100%), while PaL-AgNPs exhibited 95%
against Ae. aegypti after 48 hours.

3.9 Effect of nano-insecticides mode of application on

Table 3: Effect of Insecticides on Aedes aegypti Mosquito through
fumigant bioassay

Hours of Exposure

Treatment Rate (%) v/v 1 24 48
Deltamethrin 100 100.0? 100.0°  100.0?
Control 0 0.0 0.0 0.0
PaR-AgNPs
25 45.0° 6259  82.5°
50 72.5° 775  82.5°
75 62.5% 85.0°  87.5%
100 75.0° 95.0®  100.0°
PalL.-AgNPs
25 0.0¢ 0.0 0.0
50 0.0¢ 5.0¢ 22.5°
75 20.0¢ 375 60.0¢
100 47.5° 87.5%¢ 950

Means with the same superscript(s) are not significantly different
at 5% probability

70
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a0 +
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CONTACT FUMIGANT
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Mortality (%)

Figure 5. Effect of nano-insecticides modes of application on Ae.

LARVA ADULT

Mortality (%)
(] [T B w g -
(=] (=] o (=] o

-
e
T

=]

Stages

Figure 6. Effect of nano-insecticides on the stages of Ae. aegypti
mosquito

Ae. aegypti

The effect of the mode of application on Ae. aegypti mor-
tality as shown in (Figure 5), both contact and fumigant
had the same effect with 63.4% and 57.3% mortality,
respectively, on the tested mosquito.

3.10 Effect of nano-insecticides on different stages of
Ae. aegypti

The effect of nano-insecticides on different stages of Ae.
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acgypti, as presented in (Figure 6), the tested nano-
insecticides exhibited the same efficacy on both adult
and larval stages of 63.4% and 60.2%, respectively.

4.0 DISCUSSION

Synthetic insecticides in controlling vectors have become
less favourable due to their adverse environmental im-
pacts and high costs [43]. In contrast, nanoparticles have
gained significant attention as an eco-friendly alternative,
offering high efficacy in controlling mosquitoes [44, 45].
Synthesis of silver nanoparticles (AgNPs) using plant
extracts is an environmentally friendly approach that en-
hances the active compounds' insecticidal properties [46-
48]. Hence, this study demonstrated the effectiveness of
biosynthesised AgNPs using P. alliacea leaf (PaL-
AgNPs) and P. alliacea root (PaR-AgNPs) used as nano-
insecticides against a species of mosquito (4e. aegypti).

PalL-AgNPs and PaR-AgNPs were effective in the con-
trol of adult and larvae of Ae. aegypti when compared
with zero number of mortalities recorded from the un-
treated larvae. This indicates that the tested nano-
insecticides exhibited insecticidal action against the stud-
ied insect. This aligns with the findings of Sharma et al.
[49], who reported that plant-derived AgNPs can be an
effective biocontrol agent against Ae. aegypti larvae.
Likewise, A study on silver nanoparticles synthesised
from Heliotropium indicum exhibited significantly higher
toxicity against the larvae of important mosquito vectors
like Ae aegypti, Anopheles Stephensi, and Culex quinque-
fasciatus [50]. Also, AgNPs synthesised from Ocimum
gratissimum were established as mosquitocidal against
wild Anopheles larvae [51]. However, PaR-AgNPs had
the most significant effect with contact and fumigant ap-
plication of the nano-insecticides, which resulted in
100% mortality in adults. This indicates that AgNPs syn-
thesised from different plant parts exhibit varying levels
of efficacy. For instance, P. alliacea root AgNPs have
been reported to have a higher lethal concentration
(LC50) compared to those derived from its leaves,
Anopheles stephensi, and Culex quinquefasciatus, sug-
gesting that root extract effectiveness can be attributed to
the unique phytochemical composition present in the root
extracts, which may contribute to the increased toxicity
against adult mosquitoes [52, 53].

It was also observed that the mortality percentages of the
targeted larvae and adults depended on the hour of expo-
sure to the tested nano-insecticides, i.e. the longer the
hour of exposure, the higher the number of dead larvae
and adults. Complete mortality (100 %) of the larvae af-

ter 48 hours of exposure to the nano-insecticides. This
collaborates with the report that the larvicidal effects of
plant extracts were enhanced with prolonged exposure
[53, 54]. It was also reported by Khan and Shafique [44]
that AgNPs exhibited time-dependent larvicidal activity
against Ae. aegypti. Likewise, 100% mortality of the test-
ed adult mosquito was recorded after 48 hours of expo-
sure to the biosynthesized AgNPs.

Based on the data collected, the insecticidal effectiveness
of the tested nano-insecticides was significantly influ-
enced by the concentrations applied. For example, larval
mortality rose from 31.2% at 25% v/v to 100% at 100%
v/v. Meanwhile, adult mortality due to fumigant expo-
sure increased from 41.3% at 25% v/v to 98.3% at 100%
v/v, and mortality from contact toxicity went from 47.5%
at 25% v/v to 99.2% at 100% v/v. Statistical analysis
confirmed the better performance of the 100% v/v com-
pared to lower concentrations. A previous study found
that the mortality of Diaphorina citri nymphs increased
as the concentration of silver nanoparticles (AgNPs) syn-
thesised from plant extracts rose [55]. Additionally, re-
search on green copper nanoparticles derived from An-
nona squamosa seeds showed that a higher concentration
of 170 ug/ml resulted in a significant mortality rate of
93% against An. stephensi mosquito larvae [56]. Mu-
thusubramanian et al. [57] observed that the mortality of
Ae. aegypti adults increased with higher concentrations
of AgNPs, further supporting the idea that dosage is cru-
cial in determining the effectiveness of these nano-
insecticides [58, 59].

This study shows that nano-insecticides are equally ef-
fective when used as direct contact treatments or as fumi-
gants against mosquitoes. The effectiveness of nano-
insecticides in both application methods can be attributed
to the unique properties of the formulated insecticide,
such as increased surface area and enhanced bioavailabil-
ity, which facilitate better interaction with the target or-
ganisms [00, 61]. This characteristic is significant in light
of the increasing resistance observed in Ae. aegypti popu-
lations, as conventional insecticides often fail to achieve
the desired mortality rates due to resistance mechanisms
[62, 63]. The ability of the formulated nano-insecticides
to kill the tested insect is further supported by their mode
of action. A study demonstrated that exposure to synthe-
sised zinc oxide nanoparticles led to changes in acetyl-
cholinesterase activity in de. aegypti larvae [64]. Biosyn-
thesised AgNPs penetrated the studied insect membranes,
interacted with cellular components, and induced oxida-
tive stress, ultimately causing cell death [65, 66]. The
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biosynthesised AgNPs exert their adulticidal effect by
disrupting cellular functions, leading to physiological and
morphological alterations that further contribute to the
overall lethality of AgNPs [67, 68]. This disruption is
often initiated by the adherence of AgNPs to cell surfac-
es, resulting in membrane damage and subsequent cellu-
lar dysfunction [69, 70]. Furthermore, AgNPs can pene-
trate cellular structures, allowing for interaction with var-
ious organelles and biomolecules, which can lead to oxi-
dative stress by generating reactive oxygen species
(ROS) [70, 71]. The accumulation of ROS within cells is
a critical factor in the physiological changes observed, as
it can induce cellular damage, apoptosis, and genotoxici-
ty [70-73]. The release of silver ions (Ag") from AgNPs
also plays a significant role in their toxicity, as these ions
can further exacerbate oxidative stress and contribute to
the overall cytotoxic effects [62,74].

Moreover, the results revealed that the effectiveness of
biosynthesised AgNPs was equivalence with convention-
al insecticides due to the fact that both PaR-AgNPs and
PalL-AgNPs demonstrated a comparable insecticidal ef-
fect at higher (100% v/v) with synthetic chemical
(Deltamethrin). This aligns with a report indicating that
AgNPs biosynthesized from Plumeria rubra latex exhibit
larvicidal activity against Ae. aegypti and Anopheles ste-
phensi, with lethal concentrations comparable to conven-
tional insecticides [75]. Similarly, Kumar et al. demon-
strated that AgNPs synthesized using Excoecaria agal-
locha leaf extract showed significant larvicidal activity,
further supporting the potential of plant-derived AgNPs
as effective alternatives to synthetic insecticides [76].
This observation contradicts the study by Madpathi and
Bannoth [77] who revealed that the biosynthesised
AgNPs had an LC50 of 0.63 ppm, significantly compara-
ble to the LC50 values for conventional insecticide. This
suggests that biosynthesised AgNPs can be used as an
alternative to synthetic insecticides in the control of mos-
quitoes, and the use of these nano-insecticides will also
protect our environment for easy degradation of nano-
insecticides [78, 79] compared to conventional insecti-
cides, which are highly stable in the environment [80]. In
line with this observation, the slow degradation and re-
lease of active ingredients from nano-formulations make
them more environmentally friendly, reducing the risk of
non-target effects and promoting sustainable pest man-
agement practices [81]. Based on the results of this study,
biosynthesised AgNPs from P. alliacea plant extracts
demonstrated significant dose-dependent insecticidal ef-
ficacy against Ae. aegypti, presenting a sustainable and

environmentally friendly alternative to synthetic insecti-
cides. Further research is recommended to conduct field
trials to validate these laboratory findings and evaluate
their long-term effectiveness.
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