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and yellow fever [1]. The clinical manifestations of mos-
quito-borne diseases can range from mild flu-like symp-
toms to life-threatening conditions, depending on the 
specific pathogen involved [2]. The symptoms may 
include fever, headache, joint and muscle pain, rashes, 
and fatigue.

In some cases, neurological complications and hemor-
rhagic manifestations can lead to life-threatening com-
plications or even death. Preventing and controlling 
mosquito-borne diseases requires vector management 
strategies, community education, and the development 
of effective vaccines and treatments. Understanding the 
clinical characteristics of mosquitoes as potential vectors 
is crucial for prompt diagnosis, treatment, and contain-
ment of potential outbreaks [3].

Background
Mosquitoes are notorious for transmitting infectious dis-
eases, making them a global public health concern. These 
bloodsucking insects transmit various pathogens, includ-
ing viruses, bacteria, and parasites, while feeding on their 
hosts. Infectious diseases transmitted by mosquitoes 
include malaria, dengue fever, Zika virus, chikungunya, 
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Abstract
The study was formulated to identify the effect of Mangifera indica leaf extract in inhibiting the growth and 
metamorphosis of Culex quinquefasciatus larva. Bioassay-guided extraction identified the bioactive fraction, 
after which GC-MS characterized it. The larvicidal activity was analyzed by administrating extract in various 
concentrations and then subjecting the mortality rate for probit analysis. The morphological and physiological 
impact upon larvae was understood by histological analysis and acetylcholinesterase activity assay. The results 
suggested that the extract possessed a high degree of larvicidal activity, whereas the Dose50 was 225.158 ± 15.168 
with a Total Chi-Square of 13.09 and p-value of 0.11. The histological studies revealed notable aberrations among 
the study subjects compared to the control group due to diminished abdominal tissue integrity.

It was also observed that the extract could inhibit the acetylcholinesterase activity, with an LD 50 of 0.9512 µg/
ml. The observations made in these studies may be utilized to develop a potential larvicidal agent that could act 
upon multiple targets.
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There are several mosquito species within the family 
Culicidae, each with its distinct traits. Malaria is carried 
mostly by Anopheles mosquitoes, one of the most infa-
mous species. Aedes aegypti is infamous for transmit-
ting diseases such as dengue, yellow fever, the Zika virus, 
and chikungunya. The disease-carrying Aedes albopic-
tus, popularly known as the Asian tiger mosquito, has 
black-and-white striped legs. On the other hand, Culex 
mosquitoes are known carriers of West Nile Virus and 
Japanese encephalitis. Mansonia and Haemagogus are 
also linked to the spread of different kinds of encephalitis 
and yellow fever.

These species flourish in various settings and tem-
peratures, and their behavioral patterns, feeding habits, 
and disease transmission capacity greatly impact global 
health issues [4]. Numerous diseases are transmitted by 
Culex mosquitoes, making them vital vectors for public 
health. Culex mosquitoes are exceptionally well-adapted 
to urban areas, where they commonly spawn in stagnant 
water. This trait, combined with their capacity to prey on 
birds and humans, enables them to survive in human-
populated areas, raising the danger of disease transmis-
sion within the population. To lessen the detrimental 
impact of Culex mosquitoes on public health, disease 
control initiatives usually emphasize vector manage-
ment and monitoring to lower mosquito populations and 
monitor the development of the diseases they transmit 
[5]. Anti-mosquito chemicals are substances designed to 
repel, kill, or disturb the life cycle of mosquitoes, mak-
ing them vital weapons against diseases transmitted by 
mosquitoes. These substances include pesticides, insect 
repellents, and larvicides, among others. Often, insec-
ticides kill adult mosquitoes through touch or inges-
tion, lowering their number and avoiding the spread of 
disease.

In contrast, insect repellents prevent mosquitoes from 
landing and feeding on humans, offering substantial 
personal protection. Larvicides target mosquito larvae 
at breeding grounds, inhibiting their maturation into 
adults and restricting population expansion at the source. 
Developing safe and effective anti-mosquito chemicals is 
essential for public health since they reduce the spread 
of diseases such as malaria, dengue, and Zika, ultimately 
improving the worldwide well-being of populations. To 
ensure the long-term effectiveness and sustainability of 
these compounds for mosquito control, however, respon-
sible use, attention to safety protocols, and consideration 
of environmental implications are necessary [6].

The significance of natural compounds as mosquito 
repellents lies in their potential to provide effective, 
safe, and environmentally friendly alternatives to syn-
thetic chemicals. Numerous natural compounds derived 
from plants, fungi, or microorganisms have inherent 
insecticidal and repellent properties used by indigenous 

communities for mosquito control for centuries [7]. Typi-
cally, these natural compounds have fewer adverse effects 
on non-target organisms and ecosystems, making them 
environmentally sustainable alternatives. In addition, the 
continued use of synthetic insecticides has led to resis-
tance in mosquito populations, making it imperative to 
seek out new, inventive alternatives. Natural compounds 
offer a vast array of chemical structures, and their use 
can aid in circumventing the resistance issue. In regions 
where mosquito-borne diseases are prevalent, they are 
frequently accessible and inexpensive, allowing commu-
nities to conduct their vector control. This research and 
innovation can lead to the discovery of potent natural 
compounds that not only effectively combat mosquitoes 
but also minimize their harmful effects on the environ-
ment and human health, thereby bolstering our arsenal 
against mosquito-borne diseases [8]. The developing 
trend and favorable response of communities to phyto-
chemicals and their environmentally beneficial behav-
ior offer many opportunities for studying and inventing 
plant-based insecticides [9].

Mangifera indica leaves oil extracts have been deter-
mined to include hydrocarbons, triterpenes, phenolics, 
carotenoids, saponins, vitamins, and fatty acids as their 
principal ingredients, and these compounds are consid-
ered responsible for the repelling action on female Afri-
can malarial agent Anopheles gambiae [10]. Previous 
studies reported the aqueous leaf extract of Mangifera 
indica and titanium dioxide (TiO2) and found it effica-
cious towards larvae of Culex quinquefasciatus with an 
LC50 value of 4.34  mg/L accordingly [11]. This current 
study analyzes the effect of essential oil from Mangifera 
indica leaf extract on Culex mosquito larvicidal activity.

The biocompatible nature of the extract could substi-
tute the chemical counterparts in controlling mosquitoes 
and associated clinical implications based on modern sci-
entific research.

Materials and methods
Collection and preparation of plant extract
Fresh Mangifera indica leaves were collected in and 
around the Thrissur district of Kerala, India, in May 2022. 
The sample was transported aseptically to the labora-
tory and analyzed for any anomalies such as diseases and 
infection; if any were discovered, those pieces were segre-
gated and not used in the experiment.

The selected leaves were thoroughly rinsed to remove 
any dust or particles that had adhered to them. The leaves 
were then dried in the shade at room temperature. The 
leaves were finely pulverized using an electric blender. 
Hydro-distillation extracts volatile or polar components 
from plant materials using steam as an extraction sol-
vent. A Clevenger apparatus or basic steam distillation 
device is frequently used for hydro-distillation. Sample 
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combined water is heated in the Clevenger device to 
remove volatile components. Two layers were obtained, 
one aqueous and the other oil-rich. Oil can be further 
separated using funnels [12].

The extract was obtained by employing a Clevenger 
apparatus in the following manner: powdered leaf extract 
was subjected to hydro distillation with the Clevenger 
under optimal operational settings at a temperature of 
40  °C. One hundred grams of extract (100  g) was dis-
solved with 800  cc of distilled water. The distillation 
lasted 3 h, after which the essential oil was collected and 
dehydrated with anhydrous sodium sulfate [13].

GC-MS analysis of bioactive fraction
The bioactive fractions present in Mangifera indica 
leaves were separated by column chromatography in 
which the stationary phase was constituted by silica gel 
60–120 mesh size. In contrast, the organic solvents of 
various polarities were used as the mobile phase. Each 
fraction was analyzed for its bioactivity, and the fraction 
with maximum bioactivity was subjected to Gas Chro-
matography (Agilent 6890 series) equipped with HP-5MS 
column mass spectrometry operated at an initial column 
temperature of 30 °C and heated up to 300 °C at 10 °C for 
15  min. Chromatographic conditions were high-purity 
helium’s 1.0  ml/min flow as a carrier gas in split mode. 
The compounds were identified in spectra based on 
retention time and the integral area of peaks. The similar-
ity of compounds matched with references listed on the 
NIST library search [14].

Collection, maintenance and larvicidal activity of 
mosquitoes
The test mosquito larvae (Culex mosquito larvae) were 
procured from farmland in Kolazy Panchayath, Thris-
sur District, Kerala, India. They were then transported to 
MCAR (Marian Centre for Advanced Research), where 
they were kept under conditions of 25  °C, 75% relative 
humidity, and 14:10 (L/D) of light exposure.

Sets of 30 fourth instar larvae were administered the 
leaf extract in concentrations ranging from 0 to 500 mg/
ml, with distilled water as the control. Observations of 
mortality and survival rates were made 24  h following 
exposure. The larvae received no nourishment during 
the testing time. All tests were carried out three times to 
validate the findings. The dead larvae were counted after 
each test container was tightly covered with a mosquito 
net, kept at room temperature, and protected from sun-
light. The larvae were observed for behavioral changes, 
i.e., wriggling speed, horizontal and vertical movements, 
and self-biting behaviors. The larval behavior symptoms 
were recorded and compared with control larvae [15].

Dose-response bioassay
Dose-response bioassay was performed by collecting 
larvae in beakers containing sterile, deionized water. 
Then, different extract concentrations were made using 
100  ml of water. The extract was diluted to concentra-
tions between 0 and 500 mg/ml. Each experiment’s nega-
tive control was distilled water. All test containers were 
stored at room temperature without interruption. The 
LC50 and LC90 values of exposed larvae were deter-
mined using probit analysis [16].

Morphology and histopathology study
The third instar larvae of test mosquitoes were treated 
with 500  mg/ml MILE (Mangifera indica leaf extract). 
The control and treated larvae samples were fixed with 
10% formalin, dried with a succession of ethyl alcohol, 
washed with xylene, and then sectioned. Standard stain-
ing techniques were used to stain the sectioned larvae 
and control samples with eosin and hematoxylin for 
light microscope observation and photographed with a 
Labomed microscope equipped with a digital color cam-
era Micaps pro-HDMI [17].

Acetylcholinesterase activity assay for larvicidal activity
To determine the extract’s ability to inhibit the acetyl-
cholinesterase enzyme, the following method prescribed 
by Hematpoor et al., 2016, was used with slight modifi-
cations. An electronic multichannel pipette (Eppendorf, 
USA) was used to transfer the extract 10 µL of enzyme 
solution to each well of a 96-well microtiter plate, further 
mixed with 20 µL of tested compounds in solution form 
and 150 µL of cold phosphate buffer, which were kept 
in refrigerator 1–4  °C. The assay microtiter plates were 
incubated at 25 °C for 10 min. Inhibitors were dissolved 
in DMSO (Merck, USA) in several concentrations rang-
ing from 0 to 1  µg/ml and stocks diluted to give a final 
concentration of 0.1% DMSO (v/v) were added into test 
well in separated rows.

It was followed by adding 20 µL of acetylthiocholine 
iodide (ACTHI) (Sigma-Aldrich, USA) (0.4 mM) and 
DTNB (Sigma-Aldrich, USA) (0.3 mM) to the enzyme 
solution to observe the reaction. A yellowish or colorless 
solution was observed during the reaction for 30 min at 
room temperature. Changes in absorbance were recorded 
by a microplate reader (Synergy H1 Hybrid MultiMode 
Microplate Reader, USA) at 412 nm. Enzyme concentra-
tions used were within the linear range of their toxicity 
activity.

Percentage of Inhibition =
[A con−A sam

A con ]
100

, where A con is 
the absorbance of the control, and A sam is the absor-
bance of the test sample.
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Results
Chromatographic analysis of bioactive fraction
The bioactive fraction of Magnifera indica was separated 
by the employment of Gas chromatography, followed 
by the identification by mass spectrometry. The GC-MS 
analysis suggested that the bioactive fraction is enriched 
with various bioactive fractions (Fig.  1), out of which 
the major compounds were identified as n-Eicosanol, 
which displayed itself at the retention time of 14.55 with 
a molecular weight of 597.1 g/mol. In contrast, Squalene 
and Linoleic acid were present at the retention tempera-
ture of 20 and 15.22, respectively, wherein the former 
weighed about 410.7  g/mol and later weighed about 
280.4 g/mol.

1-Eicosanol is a naturally occurring fatty alcohol con-
sisting of a hydroxy function at the C-1 position of an 
unbranched, saturated 20-carbon chain., whereas Squa-
lene is a colorless liquid polyunsaturated hydrocarbon 
found naturally in many animals and plants, including 
human sebum. Linoleic acid, on the other hand, is a plant 
metabolite with two double bonds at positions 9 and 12 
and Z (cis) stereochemistry.

Effect of extract on mosquito larvicidal activity
The larvicidal assay suggested that the bioactive fraction 
of Magnifera indica had an exceptional effect on inhib-
iting the persistence of Culex mosquito larvae in terms 
of mortality. Through the dose-response assay, it was evi-
dent that larval mortality could be initiated even in the 
least concentration of 50  µg/ml itself, and the mortality 

rate was immensely dependent upon increasing the con-
centration of the inhibitor (Fig. 2).

Fig. 2 The dose-response correlation between mortality of larvae with 
concentration (µg) of Magnifera indica leaves extract. The graph suggests 
a direct correspondence between the concentration and response

 

Fig. 1 Chromatogram of the bioactive fraction of Mangifera indica leaves
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By the employment of probit analysis, it was under-
stood that the Dose50 is 225.158 ± 15.168 with a Total 
Chi-Square of 13.09 and p-value of 0.11 (Table 1)1

Morphology and histopathology study
Histological and morphological analysis revealed various 
information regarding extract action upon mosquito lar-
vae. There were several behavioral changes, such as curv-
ing of the body and hook-like appearance of the anterior 
region exhibited by treated subjects, whereas this behav-
ior was not seen in the control group. Similarly, the his-
tological analysis showed significant differences between 
both groups. A monocellular layer (epithelium) rests on 
a basement membrane in the mid-gut of the third instar 
control. Both circular and longitudinal muscle fibers sur-
round this membrane on the outside. The epithelium 
comprises columnar cells with groups of slightly regen-
erating cells, each with a sizeable nucleus and strongly 
basophilic cytoplasm.

1  Based on probit analysis, Dose50 is 225.158 ± 15.168 with a Total Chi-
Square of 13.09 and p-value of 0.11.

A peritrophic membrane, which surrounds a lumen, is 
a detached sheath that shields the epithelium from food 
particles. The columnar cells appear unsaturated in posi-
tion, shape, and size in the longitudinal section taken 
from the midgut’s anterior, middle, and posterior regions. 
All larvae exposed to the extract developed severe 
lesions, primarily affecting the mid-gut epithelium. The 
anterior region of the mid-cross-section gut also dis-
played swelling, extruded masses of cellular material, and 
disarray in the appearance of the columnar cells. In the 
posterior mid-gut, the epithelial cells appeared to have 
grown into the gut lumen and contained sizable cytoplas-
mic spaces. After 48 h, all three areas of the mid-gut dis-
integration appeared to be more severe (Fig. 3).

Effect of extract upon acetylcholinesterase activity
The acetylcholinesterase inhibition assay determined the 
extract’s ability to affect the larvae’s morphogenesis. The 
study suggested a clear connection between the enzyme’s 
activity and the extract’s presence (Fig.  4). The enzyme 
tends to reduce its activity with an increasing concentra-
tion of extract. At the higher concentration of extract, 

Table 1 Outcomes of Probit analysis
Dose Actual Percent Probit Percent N R E(R) Difference Chi-Square
50 10.00 3.28 30 3.00 0.98 2.02 4.27
100 16.67 16.03 30 5.00 4.81 0.19 0.01
150 26.67 30.96 30 8.00 9.29 -1.29 0.26
200 36.67 44.24 30 11.00 13.27 -2.27 0.70
250 46.67 55.10 30 14.00 16.53 -2.53 0.86
300 56.67 63.73 30 17.00 19.12 -2.12 0.65
350 63.33 70.53 30 19.00 21.16 -2.16 0.75
400 76.67 75.90 30 23.00 22.77 0.23 0.01
450 86.67 80.16 30 26.00 24.05 1.95 0.80
500 98.37 83.55 30 29.51 25.07 4.44 4.79

Fig. 3 A comparative histological analysis of control larvae and larvae treated with Magnifera indica leaf extract
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which is 1.5 µg/ml, the enzyme action was less than 10% 
compared to that of the untreated sample. Subsequently, 
the LD50 was determined to be 0.9512  µg/ml, whereas 
the regression equation of the graph was found to be 
y = 57.308x + 4.514.

Discussion
The conflict between man and mosquito has been noted 
since prehistoric times, according to the recent studies by 
Colón-González et al., 2021. It was comprehended that 
malaria suitability would increase by 1.6 months in tropi-
cal highlands in the African, Eastern Mediterranean, and 
Americas regions.

In contrast, Dengue suitability will increase by 4.0 
months in lowlands in the Western Pacific and the East-
ern Mediterranean regions, and the population at risk of 
both diseases may increase by up to 47 billion people by 
2070 compared to 1970–1999. Therefore, finding more 
suitable or combined targets to control mosquitoes is 
essential. The current study suggests the possibility of 
developing a mosquito larvicide from the leaf extract 
of Magnifera indica that possesses morphological and 
physiological effects on larvae.Magnifera indica is native 
to South Asia, specifically present-day India, Bangladesh, 
and Myanmar. It has spread globally for thousands of 
years and thrives in tropical and subtropical regions [18. 
Mango (Mangifera indica) leaves, while less recognized 
than the fruit, have several pharmacological proper-
ties that have piqued the interest of traditional medicine 
systems and modern scientific research. Mango leaves, 
which are high in terpenoids, flavonoids, and tannins, 
have been shown to have antioxidant, anti-inflammatory, 
and antimicrobial properties [19].

The Chemometric analysis by employing gas chroma-
tography linked with mass spectrometry suggested the 
presence of various bioactive compounds in the extract, 
such as n-Eicosanol, Squalene and Linoleic acid. Gas 
chromatography is a widely used method for character-
izing bioactive compounds due to its ability to quantify, 
identify and separate the components based on their 

molecular weight and thereby provide a “fingerprint” of 
the bioactive fraction [20, 21]. It may be assumed that 
the larvicidal activity of the extract could be attributed to 
the chemical components present in the extract. A pre-
vious study reported by Perumalsamy et al., 2015, sug-
gested that Linoleic acid and linolenic acid shall act on 
both AChE and octopaminergic receptors, thereby which 
it can inhibit the acetylcholinesterase. Similarly, n-Eico-
sanol was detected in the Elettaria cardamomum extract 
that could successfully inhibit AChE action [22].

By summing up these two observations, it may be 
assumed that Linolic acid and n-Eicosanol could have 
contributed immensely towards the acetylcholinester-
ase inhibition action exhibited by Mangifera indica leaf 
extract. The histological analysis showed similar obser-
vations with previous reports, whereas Plumeria pudica 
Jacq synthesized silver nanoparticles. Flower extract 
had resulted in histological lesions in the larvae [23], 
although in the current study also, the inhibitor caused a 
serious impact on the histological integrity of the larva. It 
is also noted that our observations were in terms with the 
observations done by Liu et al., 2020, where there were 
severe histological aberrations caused by Turmerone on 
Culex pipiens pallens Larvae, which is suggested to be 
the reason for the instant death of subjects. It may also be 
observed that the extract affected the larval gut’s tissue 
morphology, which would have affected the feeding hab-
its of subjects and, therefore, inevitable mortality.

The morphological and physiological impact upon 
larvae was understood by histological analysis and ace-
tylcholinesterase activity assay. The results suggested 
that the Mangifera indica leaf extract possessed a high 
degree of larvicidal activity, whereas the Dose50 was 
225.158 ± 15.168 with a Total Chi-Square of 13.09 and 
p-value of 0.11. The GC-MS analysis suggested that the 
Mangifera indica leaf extract is enriched with various 
bioactive fractions such as n-Eicosanol, Squalene and 
Linoleic acid and found effective towards acetylcholines-
terase inhibition.

Conclusion
Mangifera indica leaf extract could successfully inhibit 
the persistence and development of Culex larvae. The 
study suggested that the extract has multiple targets that 
could make this inhibitor superior to several counter-
parts. The extract could successfully inhibit the neural 
network by regulating acetylcholinesterase and, thereby, 
the metamorphosis of larvae into adults. In high concen-
trations, the extract could affect the histological integrity 
of larvae and, thereby, inevitably perish. This strategy 
shall be adopted for future larvicidal missions.

Fig. 4 Influence between enzyme activity and extract’s presence
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