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ABSTRACT

Mosquitoes are the most important single category of insects, killing millions of people worldwide each year 
by spreading a variety of diseases. The principal dengue vector Aedes aegypti, is expected to infect 2.5 billion 
people worldwide, or more than 40% of the world’s population. According to a WHO survey, 50-100 million 
cases are reported globally each year.  Extensive fumigation of synthetic pesticides to control the mosquito 
vector in Pakistan during each post-monsoon season greatly increased environmental contamination and 
the loss of beneficial insects from urban environments. This study looked into the larvicidal and pupicidal 
efficiency of green synthesized iron nanoparticles against Ae. aegypti. Nanoparticles were subjected to 
several analyses, including UV-Vis, FTIR, FESEM, EDAX, XRD, Zeta Potential, and DLS. Ae. aegypti, 
the predominant dengue mosquito, was studied for its larvicidal and pupicidal activities. Indigofera 
tinctoria produced iron nanoparticles with LC50 values ranging from 4.468 ppm (I instar larvae) to 7.952 
ppm (pupae). Laboratory experimental studies on larval body tissues, particularly fat cells, fingernail 
skin and midgut have been carried out. It has been determined the plant synthesis of iron nanoparticles 
are harmful to Ae. aegypti larval.
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Mosquitoes serve millions of people worldwide by 
acting as vectors for a variety of illnesses such as dengue 
fever, malaria, and filariasis (Benelli, 2015). They are 
vulnerable vectors of several important infections, 
including the Anopheles, Aedes, and Culex genera, 
which include many viruses, protozoa, and nematode 
pathogens (Zargham et al., 2023). Dengue haemorrhagic 
fever, for example, has impacted over half of the world’s 
population in the previous few decades (Messina et 
al., 2019; Girard et al., 2020; Brito et al., 2021). Over 
the last 40 years, there has been a 23 million increase 
in infections across 195 countries and territories, 
with 100 million persons infected by the end of 2017, 
predominantly in tropical and subtropical regions (Zeng 
et al., 2021). Over 960 to 4032 dengue stroke deaths 
among the younger generation had been recorded 
between 2000 and 2015 (WHO, 2022), resulting in a 
global public economic effect (Thompson et al., 2020). 
As a result of the high transmissibility of these diseases 
by Aedes mosquitoes capable of transmitting them 
simultaneously with a single bite (Rees et al., 2018; 
dos Santos Correia et al., 2023), it has become a global 
public health concern.

 Synthetic insecticides are the first line of defence 

due to their quick action; nevertheless, continuing use 
of synthetic insecticides may result in the development 
of resistance and a persistent residual effect on 
environment, which may be detrimental to people and 
include non-targeted organisms (Dusfour et al., 2019). 
To reduce this, it is critical to seek out biodegradable 
pesticide alternatives (Pathak et al., 2022; Baeshen 
and Baz, 2023). Green nanoparticle production is a 
useful, feasible, and far more potent technique for 
mosquito vector control (Vivekanandhan et al., 2018). 
Phytochemicals play a critical role in nanoparticle 
amalgamation, which is a green approach (Demirezen 
et al., 2019). Plant-mediated NP manufacturing 
is environmentally friendly and beneficial over 
synthetic chemical approaches because to its targeted 
applicability, low cost, single-step process, and lack 
of energy or temperature requirements (Benelli et al., 
2017). Indigofera tinctoria is a plant in the Fabaceae 
family that is commonly known as Neeli in Tamil and 
is distributed throughout India. It is hepatoprotective, 
diuretic, and hair growth-promoting drug in the treatment 
of cancer, epilepsy, neuropathy, chronic bronchitis, 
asthma, ulcers, and skin problems (Srinivasan et al., 
2016). This study evaluates the larvicidal and pupicidal 
activities of FeO NPs synthesized by I. tinctoria for 
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acute toxicity against Ae. aegypti. UV-Vis, FTIR, XRD, 
SEM, EDX, XRD, Zeta Potential, and DLS analysis 
were used to validate the quick and low-cost synthesis 
of FeO NPs. The dengue vector Ae. aegypti larvae and 
pupae were subjected to synthetic FeO NPs generated 
from I. tinctoria extract, and biosynthesized FeO NPs 
were used.

MATERIALS AND METHODS

The leaf plant of I. tinctoria was taken from the 
Western Ghats region of The Nilgiris, Southern India. 
The materials were washed, shade dried, crushed to a 
fine powder, and kept in a sterile container for future 
research. For 24 hr, 6 g of plant powder was incubated in 
100 mℓ of deionized water. The plant was then filtered, 
and the extract was employed to create nanoparticles 
as a stabilizing agent. 10 g of coarse plant powder was 
combined with ethanol solvents and hydro macerated 
for three days. Continuous stirring was performed 
during the maceration period and was treated as a 1% 
stock solution. Experiment concentrations were made 
using this stock solution. The leaf extract was made 
by combining 10 g of washed and finely chopped 
leaves in a 300-ml Erlenmeyer flask with 100 ml of 
sterilized double distilled water and boiling the mixture 
for 5 min before decanting it. The extract was filtered 
using Whatman filter paper no. 1, kept at 4 °C for 5 
days, and then assayed. In an Erlenmeyer flask, the 
filtrate was treated with aqueous 1-mM Fe3O4 solution 
and incubated at room temperature. A brown-yellow 
solution suggested the development of FeO NP, because 
the I. tinctoria extract decreased aqueous iron ions, 
resulting in stable FeO NP in water. The morphological 
and physiochemical properties of the biosynthesized 
FeO NPs were confirmed by UV-visible spectra analysis 
of the reaction mixture and characterization using 
various techniques such as FESEM and EDAX;  XRD 
analysis was used to investigate the phase purity of the 
biosynthesized FeO NPs. FTIR spectroscopy was used 
to determine particle size and relative functional groups 
(Ramimoghadam et al., 2013). The particle analyzer 
Malveern Zetasizer nanosizer was used to measure 
the size of biosynthesized FeO NPs by detecting the 
size-dependent fluctuation of laser light scattering on 
bio-synthesized FeO NPs. Finally, DLS analysis was 
performed on the biosynthesized FeO NPs.

The eggs of mosquito were received from the 
National Centre for Disease Control, Mettupalayam, 
Coimbatore. The eggs were safely transferred to the 
laboratory (27± 2oC, 75–85% RH, and photoperiod 
by 14:10 kept in 100 mℓ clean water until hatching).

The mosquito larvae were provided with dog biscuits 
(Pedigree, USA) and yeasts (Sigma-Aldrich, Germany). 
The experimental larvae and pupae were placed in 
500 mℓ of de-chlorinated water (Sujitha et al., 2015). 
As described by Rajaganesh et al. (2016), 25 Nos. of 
Ae. aegypti larvae (I, II, III, IV instar) and pupae were 
taken in a 500-mℓ glass beaker containing 250 mℓ of 
dechlorinated water and the optimized concentration of 
plant extract based FeO NPs. 0.5 mg of larval food was 
supplied for each test concentration. All concentrations 
were repeated 5 times against all instars. A separate 
beaker containing 250 mℓ of dechlorinated water 
and 25 Nos. of larvae and pupae served as control. 
The transferred larvae were treated with varying 
convergences of biosynthesized nanomaterials over a 24 
hr incubation period, and the treated and untreated larval 
body images were viewed using a stereomicroscope.

The following approaches were used to treat and 
control Ae. aegypti larvae in the laboratory with FeO 
NPs (Kjanijou et al., 2012). Larvae were treated with 
LC50 concentrations (ppm) for 24 hr of exposure and 
laboratory investigations. The larvae were fixed in 
10% buffered formaldehyde for 24 hr before being 
dehydrated in ethanol. The nanoparticles-treated larvae 
were embedded in melted paraffin with glass blades 
in a rotary microtome at the embedding section. The 
section was stained with haematoxylin and eosin and 
photographed under a photomicroscope. FITC-labeled 
biosynthesized FeO NPs were used to study nanoparticle 
biodistribution. Following the approach described 
earlier (Ge et al., 2009), FITC-labeled biosynthesized 
FeO NPs were produced. In each well of a 24-well plate 
containing 1 ml of nuclease-free water, 10 mosquito 
larvae were inserted. FITC-biosynthesized FeO NPs 
were mixed uniformly with mosquito larval feeding 
(dog biscuit) before being implanted in 1% melted 
agarose. Under laboratory conditions, mosquito larvae 
were fed a food pellet. After 24 hr, the whole larvae 
were examined under a fluorescent microscope at less 
than 4x magnification. SPSS program (Vesion, 16.0) 
was used for all analyses. Mosquito toxicity analysis 
was done by probit analysis by calculating LC50 and 
LC90 as described by Finney (1971).  A probability value 
of p<0.05 was used for the significance of differences 
between the obtained values.

RESULTS AND DISCUSSION

The biosynthesis of FeO NPs was confirmed within 
120 min and, after that the I. tinctoria leaf extract 
synthesized FeO NPs nanoparticle a band around 310 
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nm (Fig. 1). Studies from Esam and AL-Kalifawi (2015) 
reported the magnetite iron oxide nanoparticles in the 
aqueous Al- Abbas’s (A.S.) Hund fruit extract with 
absorption peaks at wavelengths of 340 nm indicating 
the formation of magnetite iron nanoparticles. The FTIR 
measurements were carried out to identify the possible 
biomolecules responsible for the reduction of Fe ions 
and capping of the reduced iron oxide nanoparticles. 
FTIR spectrum of FeO NPs prepared from the I. 
tinctoria leaf extract showed in the range 500-4000 
cm-1. The intensity peaks are slightly increased for the 
period of FeO NPs synthesis like 3413 cm-1 as well as 
some intensity peaks decreased like 2678, 1432, 1114 
and 909 cm-1  (Fig. 2). The presence of active functional 
groups in leaf extract in the swift reduction of iron 
ions to iron nanoparticles. Recently, The spectra of the 
seaweed K. alvarezii extract revealed strong absorption 
bands at 3439, 2916, 1636, 1227, 1064, 930, 848, and 
704 cm−1, while the absorption bands of synthesized 
Fe3O4-NPs were observed at 3411, 2917, 1633, 1228, 
1065, 928, 846, 556, and 423 cm−1 (Yew et al., 2016). 
The morphological structure of the biosynthesized FeO 
NPs was studied through scanning electron microscopy 
(FESEM) (Fig. 3a, b). These showed different shapes of 

Fig. 1. UV- vis absorption spectra of iron nanoparticles 
synthesized using I. tinctoria leaf extract

I. tinctoria -synthesized FeO NPs, including spherical, 
round and hexagonal ones, with size ranging from 35 
to 40 nm. The EDX spectrum recorded from I. tinctoria 
synthesized FeO NPs revealed a distinct signal and high 
atomic percent values for iron (Fig. 4). It implies that 
the nanoparticles are indeed made up of only Fe and O 
(Noruzi et al., 2012). Thus, the magnetite nanoparticles 
were successfully synthesized by this green method 
using I. tinctoria leaves extract as stabilizer for 
nanoparticles.  

Fig. 3(a, b). SEM micrograph showing the morphological 
characteristics of iron nanoparticles synthesized using leaves 

of I. tinctoria leaf extract

Fig. 4. EDS spectrum of I tinctoria  
synthesized iron nanoparticles

Fig. 2. FTIR spectrum of iron nanoparticles synthesized  
by I. tinctoria leaf extract

The phase purity and crystallinity of the I. tinctoria 
synthesized FeO NPs can be identified via XRD analysis. 
XRD patterns showed intense peaks corresponding to 
the (220), (311), (222), (511) and (440) sets of lattice 
planes (Fig. 5). The sharp Bragg peaks reported above 
might have resulted due to the capping agents stabilizing 
the nanoparticles. Therefore, XRD results suggest 
that crystallization of the bio-organic phase occurred 
on the surface of the FeO NPs. The presence of Fe in 
nano powder synthesized by Gardenia leave extract 
was confirmed by a series of reflection angles (2θ) at 
44.34° and 64.43° having hkl values (111), (200) and 
(202) (Farrukh et al., 2013), respectively. Zeta potential 
(ZP) observed a value of +19 mV for I. tinctoria extract 
synthesized FeO NPs showed that it is constant due to 
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the electrostatic repulsive force. Fig. 6 and 7 represent the 
hydrodynamic size distribution of the FeO nanoparticles 
determined by dynamic laser scattering (DLS) method. 
The size distribution of the iron nanoparticles was found 

to be 80 nm. The slender increase in the hydrodynamic 
size confirms the significant colloidal stability of the 
green synthesis iron nanoparticles. The FeO particles 
were very heterogeneous in shape and size, ranging from 
structures smaller than 100 nm to angular particles several 
micrometers in length as shown in the SEM images.

In laboratory conditions, the I. tinctoria -synthesized 
FeO NPs were highly toxic against Ae. aegypti larvae 
and pupae; LC50 values ranged from 4.468 ppm (I 
instar), 5.134 ppm (II instar), 5.913 ppm (III instar), 
6.819 ppm (IV instar), 7.952 (pupae) ppm (Table 1). 
The metaphor of nanoparticles treating and untreating 
larvae are shown in Fig. 8 (a to f). In the results 
observed of the  untreated larvae (a) and nanoparticles 
treated larvae (b, c, d, e and f), it can be noticed that 
the biosynthesized iron nanoparticle have extremely 
penetrated into the larval body. Untreated larvae were 
observed with no morphological changes. Study on 
in-vivo biodistribution of and the internalization of 
FITC tagged FeO nanoparticles in mosquito larvae was 
using fluorescence microscopic analysis. At 24 hr post 
feeding complete larvae viewed under fluorescence 
microscope showed clear green signals of FITC tagged 
nanoparticles in all parts of the larval body especially 

Fig. 5. XRD pattern of the I. tinctoria  
synthesized iron nanoparticles

Fig. 6. Zeta Potential of I. tinctoria  
synthesised iron nanoparticles

Fig. 7. DLS analysis of I. tinctoria  
synthesized iron nanoparticles

Table 1. Larval and pupal toxicity of Indigofera tinctoria synthesized  
iron nanoparticles against the dengue vector, Aedes aegypti

Larval and 
pupal stage LC50 (LC90)

95% confidence limit LC50 (LC90) Regression equation χ2

(d.f.=4)Lower Upper
Larva I 4.468 (8.465) 3.197 (7.190) 5.455 (11.035) x= 0.321 y= -1.433 6.773 n.s
Larva II 5.134 (9.464) 3.917 (8.035) 6.185 (12.418) x= 0.296 y= -1.520 6.692 n.s
Larva III 5.913 (11.051) 5.423 (10.149) 6.400 (12.303) x=0.249 y= -1.475 1.615 n.s
Larva IV 6.819 (12.725) 6.275 (11.519) 7.415 (14.491) x= 0.217 y= -1.479 0.988 n.s
Pupae 7.952 (14.686) 7.298 (13.037) 8.780 (17.261) x= 0.190 y= -1.514 0.958 n.s

The larval mortalities are expressed as mean±SD of five replicates. Nil mortality was observed in the control. Within a column means 
followed by the same letter(s) are not significantly different at 5% level by Duncan’s multiple range test. LFL - Lower Fiducidal 
Limit; UFL - Upper Fiducidal Limit.  x2, Chi-square value. *Significant at p< 0.05 level, n.s. = not significant (α=0.05).

Fig. 8. Morphological analysis of Indigofera tinctoria 
synthesized iron nanoparticles on mosquito larvae; (a) shows 
the untreated mosquito larvae; b, c, d, e  and f shows the FeO 

NPs treated mosquito larvae
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Fig. 9. Fluorescence microscope analysis of the distribution 
of FITC labeled Indigofera tinctoria synthesized iron 

nanoparticles in mosquito larvae (a) shows the untreated 
mosquito larvae; b, c, d, e  and f shows the FITC labeled FeO 

NPs treated mosquito larvae

intestinal region (Fig, 9b-f).  Simultaneously no green 
signals were observed from the control group (Fig. 9a). 
Further the green signals were also observed with fat 
body attached to the epidermis and midgut. Previous 
studies show that both positive and negatively charged 
nanoparticles are distributed throughout the body but 
negatively charged particles faster attachment than 
positively charged (Phanse et al., 2005). 

nanoparticles. The findings indicate that I. tinctoria-
derived FeO NPs can be proposed as effective tools for 
reducing larval and pupal populations.  This study found 
that FeO NPs synthesized by I. tinctoria are simple to 
make, stable over time, and can be used at low doses.
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