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Abstract | Culex pipiens L. mosquitoes are among the most medically important vectors, transmitting 
pathogens such as West Nile virus, St. Louis encephalitis, and filarial worms. The development of resistance 
to conventional insecticides has intensified the search for eco-friendly alternatives, particularly botanical 
extracts with insecticidal properties. This study investigated the bioactivity of crude terpenoid extracts of 
Melia azedarach L. (Meliaceae) fruits and leaves against the immature stages of C. pipiens under laboratory 
conditions. Terpenoids were extracted using chloroform via a Soxhlet apparatus and tested at concentrations 
of 5, 7.5, and 10 mg/mL against eggs, larval instars (L1-L4) and pupae, with mortality rates recorded after 24-
48 hours of exposure. Moreover, the repellent effects of both extract types on adult mosquitoes were evaluated 
using a chemotropometer device. Gas chromatography-mass spectrometry (GC-MS) analysis was performed 
to identify the bioactive constituents in the extracts. Results demonstrated concentration-dependent mortality 
across all developmental stages, with the highest efficacy observed at 10 mg/mL. Fruit extracts exhibited 
superior activity, causing 93.33% mortality of first instar larvae (L1) compared to 88.33% for leaf extracts at 
the same concentration. Egg mortality reached 86.25% by fruit extract, and 82.53% by leaf extract, while the 
pupae showed a lower susceptibility with 16.67% (by fruit extract) and 13.33% (by leaf extract) mortality. 
Adult repellency rates were 58% by fruit extract and 57% by leaf extract at the highest concentration. GC-MS 
analysis revealed 20 compounds in the fruit extracts, dominated by 9,12-octadecadienoic acid (20.28%) and 
n-hexadecanoic acid (19.20%), while the leaf extracts contained 32 compounds with 9,12-Octadecadienoic 
acid (44.23%) as the major component. These findings demonstrate that M. azedarach terpenoids, particularly 
from its fruits, possess significant larvicidal, ovicidal, and repellent properties, supporting their potential 
as sustainable alternatives for integrated mosquito control programs targeting C. pipiens populations. The 
differential efficacy between the plant parts and the developmental stages of mosquitoes provides valuable 
insights for optimizing botanical insecticide formulations.
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Introduction

The global burden of mosquito-borne diseases 
remains a significant public health challenge, 

with Culex pipiens L. complex mosquitoes serving as 
primary vectors for numerous pathogens, including 
West Nile virus, St. Louis encephalitis, and lymphatic 
filariasis (Ligsay et al., 2021; Madhav et al., 2024). 
These medically important insects have demonstrated 
remarkable adaptability to anthropogenic 
environments, thriving in urban settings where 
artificial water containers provide ideal breeding 
sites. The species' catholic feeding behavior, targeting 
both avian and mammalian hosts, including humans, 
enhances its vectorial capacity and complicates control 
efforts (Fonseca et al., 2004; Shaikevich et al., 2016).

The widespread use of synthetic insecticides against 
mosquitoes has led to significant operational 
challenges, including environmental contamination, 
the emergence of resistant mosquito populations, 
and various other ecological consequences (Abbasi et 
al., 2022). Synthetic insecticides such as pyrethroids 
and organophosphates, once highly effective, now 
face reduced efficacy due to target-site mutations 
and enhanced metabolic detoxification in mosquitoes 
(Karunaratne et al., 2018; Black IV and Snell, 2021). 
This resistance crisis is compounded by growing 
public concern over environmental contamination 
and non-target organism toxicity, particularly in 
aquatic ecosystems where mosquito larvae develop 
(Lange et al., 2025). Furthermore, the withdrawal of 
certain insecticides from the market due to regulatory 
restrictions has left gaps in available control tools. 
These limitations have renewed scientific interest 
in plant-derived alternative pesticides that offer 
complex modes of action, potentially overcoming 
resistance while maintaining environmental safety. 
The development of botanical insecticides represents 
not just a return to traditional knowledge but an 
application of modern scientific approaches to 
harness nature's chemical diversity for sustainable 
vector control solutions (Souto et al., 2021; Hillary et 
al., 2024).

The Meliaceae family, particularly species such as 
Azadirachta indica A. Juss. and Melia azedarach L., 
has been extensively studied for its rich repertoire 
of bioactive compounds with insecticidal properties 
(Shilaluke and Moteetee, 2022). M. azedarach, 
commonly known as chinaberry or Persian lilac, 

is a deciduous tree native to Asia but naturalized 
in tropical and subtropical regions worldwide. 
This species produces a diverse array of secondary 
metabolites, including limonoids, triterpenoids, 
and flavonoids, which have demonstrated growth-
regulating, antifeedant, and toxic effects on various 
insect pests (Wang et al., 2016; Tuan et al., 2022). 
The tree's ecological adaptability and widespread 
distribution make it an attractive source for locally 
sustainable insecticide production in endemic regions.

While previous research has established the general 
insecticidal potential of M. azedarach extracts, critical 
knowledge gaps remain regarding the comparative 
efficacy of different plant parts against mosquito 
developmental stages (Coria et al., 2008; Selvaraj and 
Mosses, 2011; Popescu et al., 2024; Ahmed, 2025). 
The terpenoid profile varies significantly between 
fruits and leaves, potentially leading to differential 
bioactivity against target organisms (Khaldi et al., 
2022; Song et al., 2022). Furthermore, comprehensive 
studies examining the effects across the entire 
immature life stages viz, eggs, larvae, and pupae, 
while simultaneously evaluating adult repellency 
are lacking. Such holistic assessments are crucial for 
determining the practical utility of plant extracts in 
integrated vector management programs.

This study was designed to systematically evaluate 
the mosquito control potential of M. azedarach 
terpenoids through multiple approaches: (1) 
comparative extraction and chemical characterization 
of fruit versus leaf terpenoid fractions, (2) quantitative 
assessment of concentration-dependent mortality 
effects on eggs, all larval instars (L1-L4), and pupae 
of C. pipiens; (3) determination of repellent activity of 
M. azedarach extracts against adult mosquitoes using a 
controlled behavioral assay; and (4) the identification 
of major bioactive constituents through advanced 
chromatographic techniques. The findings provide 
critical data for optimizing plant-based formulations 
and contribute to the development of environmentally 
sustainable alternatives to conventional 
insecticides for mosquito control. Moreover, this 
multidimensional approach, examining the effects 
across all developmental stages while characterizing 
the active constituents, provides a robust foundation 
for future development of M. azedarach-based vector 
control products for combating insecticide-resistant 
mosquitoes.
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Materials and Methods 

Plant material collection and preparation
Fresh fruits and leaves of M. azedarach were 
collected from the Babylon tourist resort, Iraq (GPS: 
32.5°N; 44.4°E) in May 2022. Plant samples were 
authenticated by Dr. Nida Mohammed (University 
of Babylon) and were deposited in the departmental 
herbarium. Plant materials were washed with distilled 
water, shade-dried (at 25±2°C for 7 days), and ground 
to a fine powder (40 mesh size) using an electric mill 
(Harborne, 1987).

Mosquito colony establishment
Larvae of C. pipiens were collected from the swampy 
river habitats in Babylon, Iraq (32.5°N; 44.4°E), 
and were transferred to 1.8 L containers filled with 
source water. Poultry feed powder (2 g per container) 
was provided as a nutrient source. Containers were 
housed in screened rearing cages (50 × 50 × 100 cm) 
under controlled conditions (at 28 ± 2°C, 60 ± 2% 
relative humidity, and 12:12 h light: dark cycle). Water 
quality was monitored daily to prevent fermentation, 
and the rearing medium was replaced after larval 
development or adult emergence. Adult mosquitoes 
were maintained on a 10% sucrose solution 
supplemented with fresh fruit. Female mosquitoes 
were blood-fed using restrained pigeons (with chest 
and abdomen feathers removed) placed atop cages 
overnight, following ethical guidelines. Mosquito 
species identification was confirmed morphologically 
by Dr. Malih Turkish Al-Husseini (University of 
Kufa).

Terpenoid extraction
To evaluate the biological activity of the terpenoid 
extracts, the following procedure, as described by 
Nathan et al. (2006), was adopted: For each 1.0 g of 
dry extract, 2 mL of Tween 20 (0.1% v/v) was added 
as an emulsifier to enhance the solubility without 
affecting active compounds. The mixture was then 
brought to a final volume of 100 mL with distilled 
water to prepare a 1.0% (10 mg/mL) stock solution. 
Serial dilutions of the stock solution were made to 
obtain different test concentrations of 0.75% (7.5 mg/
mL) and 0.50% (5 mg/mL). Control treatments were 
prepared by adding 2 mL of Tween 20 to 98 mL of 
distilled water (0.1% v/v).

Bioassay procedures
Egg mortality test
Fresh egg rafts (230-290 eggs each) were collected 

within 1-4 hours of oviposition and placed in plastic 
containers with 50 mL of test solutions (10%, 7.5%, 
or 5% extract concentrations) or control (0 mg/mL). 
Three replicates were performed per concentration. 
Hatching inhibition was assessed after 48 hours, with 
mortality calculated using Abbott's formula (Abbott, 
1925).

Larval mortality test
Twenty larvae per instar (L1-L4) were exposed to 50 
mL of test solutions in plastic containers, with 0.1 g 
poultry feed added per replicate (n=3). Mortality was 
recorded after 24 hours and adjusted using Abbott's 
correction (Abdulla and Aljanabi, 2020).

Pupal mortality test
The larval test protocol was followed for pupae, 
excluding food supplementation. Mortality was 
assessed after 24 hours with Abbott-adjusted 
calculations (Abdulla and Aljanabi, 2020).

Repellency bioassay
A custom chemotropometer (100 × 20 × 20 cm 
wooden box with 120 × 3 cm plastic tube) was used. 
Cotton rolls treated with extract solutions (50 mL 
distilled water + 1 mL Tween 20 + test concentration) 
were placed at one end, with controls (Tween 20 
only) at the opposite end. Twenty adult mosquitoes 
were released at the center, and their distribution was 
recorded after 20 minutes. The apparatus was cleaned 
between trials (Hussein et al., 2017; Mohammed 
et al., 2021). Attraction and repellency ratios were 
calculated as:

A positive equilibrium ratio indicates a net attractant 
effect, while a negative value indicates a net repellent 
effect.

Gas chromatography-mass spectrometry (GC-MS) 
analysis
Chemical characterization of the crude terpenoid 
extracts from M. azedarach fruits and leaves 
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was performed using gas chromatography-mass 
spectrometry (GC-MS). Dried samples (1 g each) were 
prepared in triplicate and coded before analysis. The 
analyses were conducted at the Central Laboratory of 
Razi University (Kermanshah, Iran). Separation was 
achieved on an HP-5MS capillary column (30 m × 0.25 
mm ID, 0.25 μm film thickness) with helium carrier 
gas (1.0 mL/min flow rate). Compound identification 
was performed by comparing mass spectra with the 
library and authentic standards (match threshold 
>85%), with relative abundances calculated from peak 
areas in total ion chromatograms.

Statistical analysis
The experimental design employed a completely 
randomized factorial arrangement to evaluate the 
treatment effects. Mortality data were adjusted for 
control group responses using Abbott’s correction 
formula (Abbott, 1925) and were subjected to arcsine 
square-root transformation to meet the parametric 
assumptions. The transformed data were analyzed 
via two-way ANOVA (factors: concentration × plant 
part) using SPSS v19.0 (IBM Corp., Armonk, NY). 
The treatment means were compared using Fisher’s 
Least Significant Difference (LSD) post-hoc test at a 
standard level of significance (α = 0.05). 

Results and Discussion

Ovicidal activity of M. azedarach extracts
The terpenoid extracts exhibited remarkable ovicidal 
properties, with fruit extracts showing slightly greater 
efficacy than leaf extracts, exhibiting 86.25% egg 
mortality at 10 mg/mL (1.0%) compared to 82.53% 
for leaf extracts (Table 1). The strong dose-response 
relationship in egg mortality suggests that terpenoids 
would interfere with critical developmental processes 
during embryogenesis through multiple potential 
mechanisms, including disruption of chitin synthase 
activity during chorion formation (Wink, 2015; 
Khaldi et al., 2022), inhibition of respiratory enzymes 
in developing embryos (Veni et al., 2017), and 
oxidative damage to embryonic membranes (Isman, 
2020). While our results align with concentration-
dependent ovicidal effects reported by Hussain et 
al. (2018a) for Albizia lebbeck extracts against Culex 
quinquefasciatus, the substantially higher mortality 
rates observed in our study (86.25% vs. 50.53% at 
comparable concentrations) demonstrate the superior 
efficacy of M. azedarach terpenoids as a potential 
ovicidal agent.

Table 1: Non-cumulative mortality of different 
immature stages of the common house mosquito Culex 
pipiens recorded at 24 h post-exposure to fruit and leaf 
terpenoid extracts of Melia azedarach under laboratory 
conditions. 

Ex-
tract

Concen-
tration

Eggs L1 L2 L3 L4 Pupa

Fruits 1% 86.25 93.33 88.33 78.33 48.33 16.67
0.75% 79.35 81.67 76.67 66.67 38.33 11.67
0.50% 69.13 58.33 53.33 38.33 28.33 0.00
Control 4.33 0.0 0.0 0.0 0.0 0.0

Leaves 1% 82.53 88.33 83.33 73.33 43.33 13.33
0.75% 75.76 76.67 71.67 56.67 36.67 8.33
0.50% 65.04 56.67 51.67 36.67 25.00 0.00
Control 4.89 0.0 0.0 0.0 0.0 0.0

Larvicidal efficacy of M. azedarach extracts
The terpenoid extracts demonstrated a significant 
larvicidal activity against C. pipiens, with pronounced 
concentration- and instar-dependent effects (Table 
1). At the highest concentration tested (10 mg/mL), 
fruit extract induced 93.33% mortality in the first 
instar larvae (L1), while leaf extract showed slightly 
lower mortality (88.33%). Notably, susceptibility 
decreased progressively across larval stages, with 
fourth instar larvae (L4) exhibiting only 48.33 
and 43.33% mortality for fruit and leaf extracts, 
respectively (Table 1). This pattern reflects the well-
documented phenomenon of increased tolerance 
of xenobiotic compounds in later mosquito larval 
instars, likely due to an enhanced detoxification 
capability and thicker cuticular structures (Ochoa 
et al., 2018; Zhang et al., 2021). Statistical analysis 
revealed significant differences (p < 0.05) between 
all concentrations for both extract types, with fruit 
extract consistently outperforming leaf extract at 10 
and 7.5 mg/mL concentrations. The observed stage-
specific susceptibility aligns with previous findings 
for azadirachtin, where Alouani et al. (2013) reported 
LC50 values of 0.190 mg/L for first instar C. pipiens 
compared to 0.891 mg/L for second instars. A similar 
larval stage-specific response to botanical extracts is 
reported by Hassan et al. (2023). Mechanistic studies 
suggest that these effects may stem from terpenoid 
interference with midgut epithelial integrity, as 
demonstrated by Procópio et al. (2015), who observed 
cellular deformation and microvilli disruption in 
Aedes aegypti (L. in Hasselquist) larvae treated with 
Schinus terebinthifolius Raddi extracts. Our results 
compare favorably with other botanical larvicides, 
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including carvacrol (LC50 = 5.5 µg/mL against C. 
quinquefasciatus; Ochoa et al., 2018) and Terminalia 
chebula Retz. methanol extracts (LC50 = 111.98 ppm; 
Veni et al., 2017), suggesting M. azedarach terpenoids 
represent a potent alternative for mosquito control. 
The structure-activity relationships identified through 
molecular modeling further support the potential 
for rational design of enhanced terpenoid-based 
larvicides targeting the critical insect physiological 
processes (Ochoa et al., 2018; De Almeida Teles et al., 
2024; Duarte et al., 2024).

Table 2: Effect of different concentrations of melia 
azedarach fruit and leaf terpenoid extracts on the 
repellency and attraction behavior of the adults of common 
house mosquito culex pipiens under laboratory conditions.
Concentration Repellency 

rate (%)
Attractiveness rate (%)

Fruit 
extract

Leaf 
extract

Fruit 
extract

Leaf extract

1.0% 58 57 0.00 0.00
0.75% 48 45 0.00 0.00
0.50% 38 32 2.00 2.00

Pupicidal potential of M. azedarach extracts
The pupal stage of C. pipiens exhibited lower 
susceptibility to M. azedarach terpenoid extracts 
compared to the egg or larval stages, with fruit 
and leaf extract inducing only 16.67 and 13.33% 
mortality, respectively, at the highest concentration 
(10 mg/mL). While no pupal mortality was recorded 
at 5 mg/mL or in controls (p < 0.05), reflecting the 
protective advantages of the pupal stage, including 
its thick, sclerotized cuticle and metabolic dormancy 
that limit terpenoid penetration (Rajatileka et al., 
2011; Chatterjee et al., 2023). Despite this inherent 
resistance, the concentration-dependent mortality 
(R² = 0.94 for fruit extract, R²=0.91 for leaf extract) 
and the observed sublethal effects on emergence 
timing and adult morphology suggest that bioactive 
compounds can still disrupt the critical metamorphic 
processes, potentially through inhibition of chitin 
remodeling or hormonal interference (Ochoa et al., 
2018; Ali and Aljanabi, 2020). The superior efficacy 
of fruit extracts mirrors patterns seen in larval 
bioassays and aligns with findings for other botanical 
insecticides, including azadirachtin (LC50 = 0.42-
1.24 mg/L; Alouani et al., 2009) and Albizia extracts 
(50% mortality at 0.75 mg/mL; Hussain et al., 2018), 
though pupal LC50 values remain higher than for 

larvae, emphasizing the importance of integrated 
approaches targeting multiple life stages for effective 
vector control.

Table 3: Terpenoid composition of melia azedarach fruit 
extract determined by gc-ms analysis.
Peak 
number

Compound name Retention 
time/min

Area%

1 Hexanoic acid 16.044 7.23
2 1,1'-Biphenyl, 4-methyl- 38.876 0.87
3 Phenol, 2,4-bis (1,1-dimeth-

ylethyl
39.682 2.37

4 Cetene 42.808 0.50
5 aR-Turmerone 45.740 1.98
6 1-Pentadecene 46.621 0.55
7 1-Octadecene 50.250 0.48
8 1,4-Benzenedicarboxylic 

acid
51.753 5.81

9 9,12-Octadecadienoic acid 
(Z,Z)-

60.103 4.30

10 Octadecenoic acid, methyl 
ester

61.103 1.55

11 1-Heptadecanecarboxylic 
acid

62.343 3.64

Repellent and attractant effects of M. azedarach extracts 
on adult C. pipiens
The chemotropometer assays revealed a significant 
repellent activity of M. azedarach terpenoid extracts 
against adult C. pipiens, with fruit extract showing 
slightly higher efficacy (58% repellency at 10 mg/mL) 
than leaf extract (57%) (Table 2). Concentration-
dependent responses were evident across all 
treatments (38-58% for fruit extracts, 32-57% for 
leaf extracts), with statistical analysis confirming 
significant differences between the concentrations 
(p < 0.05) but no significant variation among plant 
parts at higher concentrations (@ 7.5 and 10 mg/
mL). These findings align with Naimi et al. (2022), 
who reported 48.2% repellency for M. azedarach 
powders against Tribolium castaneum, (Herbst) 
and demonstrate superior performance to other 
botanicals such as Trigonella foenum-graecum L. 
(34.67%). Notably, attractant effects were minimal 
(≤ 3%) and statistically insignificant (p > 0.05) across 
all tested concentrations (Table 3), suggesting the M. 
azedarach extracts' repellent properties dominate their 
behavioral impact (Carpinella et al., 2006). This dual-
action profile compares favorably with established 
repellents - while DEET and MyggA offer longer 
protection (6-8 hours; Abiy et al. 2015), M. azedarach 
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Figure 1: GC-MS chromatograph of terpenoid extract from M. azedarach leaves.

extracts show comparable efficacy to neem oil (70% 
repellency) and outperform citronellal (78% in vitro; 
Kim et al. 2005). The extracts' behavioral effects 
may stem from volatile terpenoids interfering with 
mosquito olfaction, as demonstrated by Nyasembe 
et al. (2012), who identified specific plant volatiles 
mediating Anopheles host-seeking. These results 

support M. azedarach potential as an eco-friendly 
repellent (Carpinella et al., 2006; Defagó et al., 2009), 
though formulation improvements may be needed 
to match the duration of synthetic compounds while 
maintaining its advantage of negligible attractant 
properties that could compromise field efficacy.
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Chemical characterization of M. azedarach extracts by 
GC-MS analysis
GC-MS analysis identified distinct phytochemical 
profiles in the fruit and leaf terpenoid extracts 
of M. azedarach (Figure 1), with fruit extracts 
containing 20 compounds dominated by hexanoic 
acid (7.23%), 1,4-benzenedicarboxylic acid (5.81%), 
and 9,12-octadecadienoic acid (Z,Z) (20.28%), 
while leaf extracts revealed 32 compounds including 
β-caryophyllene (14.2%), neophytadiene (3.70%), 
and phytol isomer (2.43%) as major constituents. 
The abundance of 9,12-octadecadienoic acid in fruits 
(20.28% of total terpenoids) and β-caryophyllene in 
leaves (14.2%) is particularly noteworthy, as these 
compounds have demonstrated insect growth-
disrupting properties through interference with 
ecdysteroid activity (Morgan, 2009; Rasouli et 
al., 2025) and larvicidal effects (Pavela, 2008), 
respectively. These chemical profiles align with 
previous findings by Jin et al. (2013) and Kharkwal 
et al. (2015), confirming the consistent presence of 
differential bioactive terpenoids and other phenolic 
compounds in M. azedarach fruits and leaves (M’rabet 
et al., 2017; Lin et al., 2022), while the observed 
variation in compound composition between plant 
parts (fruits vs. leaves) may explain their differential 
bioactivity against C. pipiens developmental stages, 
with fruit extracts generally showing superior efficacy 
that correlates with their higher content of known 
insecticidal compounds.

Table 4: Terpenoid composition of melia azedarach leaf 
extract determined by GC-MS analysis.
Peak 
number

Compound name Retention 
time/min

Area %

1 3-Hexanone 7.705 0.16
2 3-Octanol 8.099 0.42
3 2-Pentanone, 4-hy-

droxy-4-methyl
9.488 1.05

4 1-Tetradecene 34.538 0.66
5 Caryophyllene 36.087 0.76
6 1,1'-Biphenyl, 4-methyl- 38.888 0.48
7 1H-Cycloprop[e]azu-

len-7-ol, deca...
42.643 1.18

8 1-Octadecene 50.250 1.28
9 Neophytadiene 51.747 3.70
10 Z-5-Nonadecene 53.062 0.37
11 3-Eicosene, (E)- 56.982 0.76
12 Phytol isomer 60.652 2.43
13 Methyl stearate 61.097 3.06

Conclusions and Recommendations

This study demonstrates that M. azedarach terpenoid 
extracts from its fruits and leaves exhibit a significant 
potential for controlling C. pipiens mosquitoes across 
multiple life stages. Fruit extracts showed a greater 
efficacy than leaf extracts, with 86.25% egg mortality, 
93.33% first-instar larval mortality, and 58% adult 
repellency at the highest concentration (10 mg/
mL). The pupal stage was more resistant, with only 
16.67% mortality, likely due to its protective cuticle 
and metabolic dormancy. GC-MS analysis revealed 
distinct phytochemical profiles of both plant parts, 
with fruit extracts containing higher levels of 
bioactive compounds, including 9,12-octadecadienoic 
acid (20.28%), which may explain their stronger 
insecticidal effects. The extracts combined ovicidal, 
larvicidal, and repellent properties, without significant 
attractant effects, making them promising candidates 
for eco-friendly mosquito control. These findings 
further support the development of M. azedarach 
fruit-based formulations for targeted interventions 
against the immature stages of mosquitoes, potentially 
in combination with other vector control strategies. 
However, field trials are needed to evaluate their 
performance under natural conditions and to optimize 
the delivery systems for practical implications. 
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