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Abstract

The increasing resistance of Aedes aegypti to conventional chemical insecticides has intensified the search for eco-friendly
alternatives in mosquito control. This study explores the larvicidal and developmental effects of Camellia sinensis (green tea)
leaf extracts on Ae. aegypti, a major vector of dengue, Zika, and chikungunya viruses. Early 4™ instar larvae of Ae. aegypti were
treated with C. sinensis leaf ethanol extract (Cs-LEE) under controlled laboratory conditions. Key parameters, including larval
and pupal mortality, developmental period, and adult emergence, were recorded. Results revealed a dose-dependent increase
in larval and pupal mortality, significant delays in development, and reduced adult emergence in treated groups. Larval and
pupal mortality was observed to be highest at 400 mg/L, 24.8% and 36.8% respectively. Development period of larvae and pu-
pae increased to 5.57 days and 5.34 days at 400 mg/L. Similarly, adult emergence reduced to approximately 38% at 400 mg/L.
Phytochemical screening confirmed the presence of bioactive substances such as catechins, alkaloids, and flavonoids, which
are known to disrupt hormonal balance and interfere with enzymatic processes in insects. These findings highlight the potential
of Cs-LEE as natural larvicidal agents. Their biodegradability, low toxicity to non-target organisms, and availability make them
promising candidates for Integrated vector management (IVM) programs. Further research and field validation are necessary to
develop safe, cost-effective botanical formulations for large-scale mosquito control.
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INTRODUCTION

Mosquitoes are the vectors of many arboviruses that
cause deadly diseases. In addition, they can cause
allergic reactions including systemic sensitivity and lo-
cal skin reactions. The most prevalent mosquito-borne
illnesses are malaria, encephalitis, dengue fever,
chikungunya, yellow fever, and the most severe, den-
gue hemorrhagic fever. Aedes aegypti, a day-feeding
mosquito, is of significant epidemiological importance
because it is the vector of dengue virus, yellow fever
virus, Zika virus, and chikungunya. Dengue fever af-
fects people worldwide and can cause symptoms rang-
ing from a low-grade fever to a serious, potentially fatal
hemorrhagic illness. According to the World Health Or-

ganization, approximately two fifth world populations
are at risk of dengue fever. Over 7.6 million dengue
cases, including 16,000 severe cases, and over 3,000
fatalities were reported to the WHO as of April 30, 2024
(World Health Organisation, 2024). The wide distribu-
tion and close association of Ae. aegypti with humans
are a serious concern.

Over the past few years, controlling mosquitoes has
been the main focus of numerous studies due to the
substantial harm and harmful diseases they inflict. The
target stages—eggq, larva, pupa, and adult—determine
the mosquito control strategies. These include employ-
ing chemical pesticides such as pyrethroids to target
adult mosquitoes, synthetic insect growth regulators
like methoprene and diflubenzuron (Milugo et al.,
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2021), or plant-derived compounds as alternatives to
kill mosquito larvae (Milugo et al., 2021). Although the
use of synthetic pesticides to control mosquito vectors
has been very successful, it has led to several issues,
including the rise of insecticide-resistant mosquitoes,
environmental pollution, and a hazard to human health
(Bellinato et al., 2016; Choochote et al., 2007). The
knockdown resistance to pyrethroid noticed in all Ae.
aegypti populations globally, is caused by changes in a
voltage-gated sodium channel gene (Moyes, 2017).
Moreover, the use of synthetic larvicides poses risks to
ecosystems and human health due to their prolonged
persistence in the environment. Additionally, pesticides
disturb all natural ecosystems, especially soil and
aquatic ecosystems, and their detrimental effects on
non-target organisms are readily apparent (Ankit et al.,
2020; Oaya et al., 2019). This situation has spurred the
need for sustainable methods that use natural re-
sources. Plant extracts have been used as safe alterna-
tives to larvicides, as they contain a variety of phyto-
chemicals that specifically kill mosquito larvae without
endangering the environment or other living organisms
(Hillary et al., 2024). The use of plant-derived second-
ary metabolites, such as ocimenone, rotenone, and
thymol, to reduce mosquito larvae is a cost-effective
and environmentally friendly alternative to synthetic
larvicides (Milugo et al., 2021).

Camellia sinensis L. (Family: Theaceae), green tea, is
an evergreen shrub or small tree found in tropical and
subtropical regions. It is a great source of medicinal and
pharmacologically active substances. It contains sever-
al bioactive compounds, with polyphenols accounting
for one-third. Other compounds include alkaloids
(caffeine, theobromine, and theophylline), flavonoids,
anthocyanins, catechins, amino acids, proteins, carbo-
hydrates, organic compounds, fluorides, minerals, and
trace elements. The three flavonoids, kaempferol, quer-
cetin, and myricetin, are abundant in green tea leaves
(Das and Eun 2018, Xu et al. 2017, Lee et al. 2014,
Manning and Roberts 2003). The extract from green tea
leaves has the ability to repel and kill mosquitoes
(Hassan et al., 2020). Muema et al. (2016) assessed
the effectiveness of the C. sinensis crude leaf extract
and its fraction against Anopheles arabiensis and
Anopheles gambiae larvae. They reported developmen-
tal disruptions in the larvae. Given the importance of
plant extracts as a significant and safe substitute for
synthetic pesticides, the current study was set out to
evaluate the adverse effect of C. sinensis leaf ethanol
extract (Cs-LEE) on larvae, pupae and adults of Ae.
aegypti under laboratory conditions.

MATERIAL AND METHODS

Rearing of Aedes aegypti
Stock culture of Ae. aegypti was procured from the

National Institute of Malaria Research, New Delhi and
established at the Insect Laboratory, Deshbandhu Col-
lege, University of Delhi under control condition at tem-
perature 28 + 1 °C, relative humidity 70 £ 5% and a
photoperiod of 12:12 (light/dark) (Shah and Gupta,
2025, Shazad et al., 2024). Adult mosquitoes were
reared in cloth cages. A small, moist cotton swab was
placed on the top of each cage to provide water for
adult mosquitoes, and 3-4 water-soaked, deseeded
split raisins were placed in each cage as a food source.
Periodic blood meals were provided to the adult fe-
males after 2 days of emergence to support egg matu-
ration. The eggs were collected on Whatmann filter
paper strips lining the enamel bowl (diameter 6 cm); the
bowl was filled half with de-chlorinated tap water. For
hatching, the eggs were transferred to a tray (25cm x
30cm x 5cm) containing de-chlorinated tap water. The
larvae were fed a food mixture containing finely ground
dog biscuits and yeast powder (3:1 w/w). Water was
changed every other day to prevent the formation of
scum on the surface. The pupae were separated into
an enamel bowl and placed in cloth cages for adult
emergence (Shah and Gupta, 2025; Sharma et al,,
2015).

Preparation of Cameilia sinensis leaf ethanol
extract

Leaves of C. sinensis were dried using an incubator
shaker at 37 °C. Subsequently, the dried leaves were
ground into a fine powder using a pestle and mortar.
The dried leaf powder (10 gm) was extracted with
200 mL of ethanol, in a conical flask. A conical flask
was placed in an incubator shaker at 140 rpm for 72 h
at room temperature. The extract was filtered using
Whatman filter paper No. 1. The filtrate obtained was
dried using rotary evaporator (Kumar et al., 2023). A
10% stock solution was prepared in ethanol and stored
at 4°C.

Treatment of 4™ instar larvae of Aedes aegypti with
Cameilia sinensis leaf ethanol extract

Early 4th instar larvae (L4) were selected and isolated
from the stock culture for the experimental purpose.
They were treated with four different concentrations of
Cs-LEE ranging from 50 mg/L to 400 mg/L. The larvae
were provided with food during bioassay (Sofi et al.,
2022, Sharma et al., 2015). All observations were rec-
orded every 24 hours until the adult emerged.

Influence of Camellia sinensis leaf ethanol extract
on survival, growth and development of Aedes
aegypti

Influence of Cs-LEE on survival, growth and develop-
ment of L4, pupation, and adult emergence of Ae. ae-
gypti were recorded at 24-hour intervals until the adults
emerged. The larval and pupal period indicated the
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time duration of larval or pupal stage. Subsequently,
they either die or moult to the next stage. The develop-
mental period specifies the time a larva or pupa takes
to moult into the next stage. Various growth and devel-
opmental indices, including the adult emergence index
and larval and pupal growth indexes, were calculated.
Adult emergence index = Adult emergence

Experimental) / Adult emergence (Control) Eq. 1
Larval growth index = Percent pupae formation /
Time taken by L4 to develop into pupae Eq. 2

Pupal growth index = Percent adult formation /Time
taken by pupae to develop into adult Eq. 3

Statistical analysis
For each test concentration and the control, experi-
ments were repeated 5 times with 25 larvae per repli-
cate. The moribund and dead larvae in all replicates
were combined and expressed as percentage mortality
at each concentration. Mortality at the test concentra-
tion was corrected using Abbott's formula (Abbott,
1925).
Corrected percent mortality: (% treated mortality-%
control mortality ) X 100 / (100-% control mortality )
Eq. 4
The observed data was presented as mean + standard
error. Descriptive statistics in MS Excel 2016 and
SPSS version 19.0 software (SPSS, Chicago, IL, USA)
was used to analyze all quantitative data. The statisti-
cally significant difference between groups was deter-
mined using a one-way ANOVA and Tukey's post hoc
test.

Liquid chromatography-mass spectrometry
(LC-MS) analysis

The LC-MS analysis of Cs-LEE was carried out using
an LCMS Q Exactive™ HF Hybrid Quadrupole Orbitrap
Mass Spectrometer. After injecting 1.0 pL of the sam-
ple, gradient elution was used to achieve separation at
a flow rate of 0.4 mL/min for a total runtime of 25
minutes. A MicroTOF QIlI Bruker Daltonics system was
used for high-resolution mass spectrometry (HRMS),
which provides precise mass measurements and re-
solves complex mixtures (Mamat et al., 2020). In the
ESI ion source, spray voltage in positive and negative
ion modes was set to 4 kV, and the cone (skimmer)
voltage was +40-60 V for polar and +25-30 V for non-
polar components (Kelstrup et al., 2018).

Gas chromatography-mass spectrometry (GC-MS)
analysis

Phytochemicals present in the Cs-LEE were analyzed
by GC-MS. An aliquot of 2 mL was injected into a
Fisons GC8000 series connected to a TSQ8000 MS
(Triple Quadrupole) mass analyzer. For the chromatog-
raphy, the DB5-MS column was used. The injection
temperature was 230 °C. The helium flow was 1 mL/

min. A 5-minute delay, a 1-minute isocratic run, and a 5
-minute increase in oven temperature to 310°C fol-
lowed a 5-minute solvent delay at 70°C. The mass lab
locate target approach was used to integrate the ion
trace for the distinctive fragment of assigned peaks.
Analysis and identification of the GC-MS mass spec-
trum were performed by comparing the data with exist-
ing software libraries, such as WILEY08, NIST08, and
NIST08s (Hubschmann, 2025; Karakoti et al., 2022;
Adams, 2017).

RESULTS

Effect of Camelia sinensis leaf ethanol extract on
the survival of L4 and pupae of Aedes aegypti

The Cs-LEE was reported to exert adverse effects on
the survival and development of fourth instar larvae
and pupae of Ae. aegypti. The effects were insignifi-
cant after 24 h of treatment. However, mortality was
observed in L4 after 72 hours of treatment, with the
highest mortality in the 400 mg/L Cs-LEE treatment. A
dose-dependent increase in total mortality of L4 larvae
in response to treatment with the Cs-LEE was ob-
served (Table 1). The results were statistically signifi-
cant at p<0.001. Further, the pupae that emerged from
treated L4 showed a direct relationship between mor-
tality and treatment concentration. The results were
significant at p<0.001 (Table 1).

Effect of Camelia sinensis leaf ethanol extract on
the inhibition of adult emergence

The influence of Cs-LEE on the inhibition of adult
emergence (equation 1) is shown in Table 1. The per-
centage of inhibition of adult emergence was dose-
dependent, increasing with increasing Cs-LEE concen-
tration. The highest value (61.6%) was observed in the
treatment at 400 mg/L.

Effect of Camelia sinensis leaf ethanol extract on
the larval and pupal period

Treatment of Cs-LEE increased in the larval period of
L4 of Ae. aegypti. It was observed that some of the L4
remained in the larval stage for an extended period,
failed to pupate, and died. The larval period was calcu-
lated as the mean time duration the L4 remained in
larval stage. Impact of Cs-LEE on the larval period of
Ae. aegypti L4 is presented in Fig. 1. The results indi-
cate a dose-dependent relationship between the con-
centration of the extract and the larval period. In the
control group, the L4 pupated after 2.04 days. As the
concentration of Cs-LEE increased, the larval period of
the L4 increased steadily i.e. 2.9 days at 50 mg/L, 3.72
days at 100 pg/mL, 4.4 days at 200 mg/L, and 5.24
days at 400 mg/L. The results were significant at
p<0.001 (Fig. 1).
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Table 1. Effect of the Cs-LEE on the survival and development of the fourth instar larvae and pupae of Aedes aegypti

Test concentration Total mortality of fourth

Total mortality of

% Inhibition of adult

instar larvae pupae emergence
Control 0? 0? 0®
50 mg/L 4° 5.80° + 1.02 9.60° + 0.97
100 mg/L 4° 19.97°+ 0.82 24° £ 0.01
200 mg/L 11.20°+ 0.80 21.57°+2.10 32.80%+ 1.40
400 mg/L 24.80% + 0.80 36.819+ 1.70 61.60°+ 0.97
F value 376.25 117.87 679.61
p-value <0.001 <0.001 <0.001

Average of five replicates; 25 individuals per replicate. Means followed by the same letters in a column are not significantly different at

p<0.05 (ANOVA followed by Tukey’s test)
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Fig. 1. Effect of Cs-LEE on the larval and pupal period of Aedes aegypti. (Average of five replicates; 25 L4 per replicate.
Early L4 were treated with Cs-LEE till they pupated. Means followed by the same letters in the column of same colour
are not significantly different at p<0.05 (ANOVA followed by Tukey'’s test).

Similar trends were seen in the pupal period of the pu-
pae developed from the treated L4. In many cases, the
pupae remained in this stage and failed to emerge as
adults. The results show dose-dependent impact on the
pupal period (Fig. 1). In the control group, the mean
pupal period was 2.79 days. In treatments at 50, 100,
200, and 400 mg/L, the pupal period increased to 2.98,
3.08, 3.86, and 3.85 days, respectively.

Effects of Camelia sinensis leaf ethanol extract on
growth and development of L4 and pupae of Aedes
aegypti

Cs-LEE showed a negative impact on the development
period of fourth instar larvae (Fig. 2). The development
period of fourth instar larvae increased with increasing
concentrations of Cs-LEE. In control, L4 took 2.04 day
to pupate. On the other hand, the fourth instar larvae
moulted into pupae after 2.91 days, 3.74 days, 4.52
days, and 5.57 days in the treatments at the concentra-
tions of 50 mg/L, 100 mg/L, 200 mg/L, and 400 mg/L of
Cs-LEE, respectively. The larval period of fourth instar
treated with Cs-LEE was significantly different from the
control and among larvae treated at different doses (p
< 0.05).

Fig. 2 also presents the effect of varying concentrations
of Cs-LEE on the developmental period of pupae of Ae.
aegypti. The results demonstrate a concentration-
dependent increase in the number of days the mosquito
spends in the pupal stage. In the control group, the
mean pupal duration was 2.79 days, representing the
normal developmental time in the absence of treatment.
At lower concentrations of 50 mg/L and 100 mg/L, only
a slight increase in pupal duration was observed, with
values of 3.00 days and 3.02 days, respectively. How-
ever, at higher concentrations, a notable increase in
pupal duration was evident. At 200 mg/L, the mean pu-
pal duration rose to 4.36 days, and at the highest treat-
ment concentration (400 mg/L), it peaked at 5.34 days.

The effect of Cs-LEE on the growth index of larvae and
pupae showed a concentration-dependent decrease. In
control groups, the growth index (GI) of fourth instar
larvae was 49, whereas in the treatment with Cs-LEE at
a concentration of 400 mg/L, it decreased to 13.46. The
reduction in fourth larval growth index was also signifi-
cant in the treatments at concentration at 50 mg/L, 100
mg/L and 200 mg/L with values 34.94, 25.69 and 19.68
respectively (Fig. 3). Similarly, growth index of pupae
was 35.81 in case of control groups; it was lowest
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(9.42) at 400 mg/L of Cs-LEE. A significant reduction in
the growth index was also observed in the treatments
at 50 mg/L, 100 mg/L and 200 mg/L (Fig 3).

Treatment with Cs-LEE also resulted in the formation of
larva-pupa and pupa-adult intermediates, especially at
concentrations of 200 mg/L and 400 mg/L. Morphologi-
cally, the larva—pupa intermediate stage exhibited fea-
tures of both stages. They retained the elongated, cy-
lindrical shape of the larva while beginning to show
signs of pupal formation, such as the development of a
curved body or darkened cuticle. In some cases, the
transition was incomplete, leading to partially devel-
oped pupae with visible larval traits. These malformed
forms are often non-functional and die before fully en-
tering the pupal stage (Fig. 4a).

The pupa-adult intermediate stage showed incomplete

or defective adult structures. Their wings were crum-
pled or unexpanded, legs were malformed, and parts of
the body such as the head or thorax remained partially
enclosed within the exuviae (Fig.4b). No such interme-
diates were observed in control groups as well as at 50
mg/L and 100 mg/L.

Further, adult mortality at the time of moulting was also
observed mainly due to failure to detach exuviae at
concentrations of 200 mg/L and 400 mg/L of Cs-LEE
(Fig. 4c).

Phytochemical analysis of Cs-LEE

LC-MS analysis of Cs-LEE is presented in Fig. 5 and 6.
The LC-MS chromatogram of the Cs-LEE sample
showed a direct relationship between the mass-to-
charge (m/z) ratio and the relative abundance of ions.
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Control 50 mg/L
L4 204 291
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2]

e
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4 ¢
b I

100 mg/L 200 mg/L 400 mg/L
3.74 4.52 5.57
3.02 4.36 5.34

Fig. 2. Developmental period of fourth instar larvae and pupae of Aedes aegypti at different concentration of Cs-LEE. Average
of five replicates; 25 L4 per replicate; The L4 were exposed to Cs-LEE continuously fill they moulted to pupae. The bars of
same colour represented by same letter are not significantly different at p<0.05 (ANOVA followed by Tukey'’s test).
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B Gl of Pupa 35.81 31.326 26.21 17.35 9.42

Concentrations of Cs-LEE (mg/L)

Fig. 3. Growth index of fourth instar larvae and pupae of Aedes aegypti at different concentrations of Cs-LEE; Average of
five replicates; 25 L4 per replicate; The L4 were exposed to Cs-LEE continuously till they moulted to pupae. The bars of
same colour represented by same letter are not significantly different at p<0.05 (ANOVA followed by Tukey'’s test).
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- L .

a b

Fig. 4. Developmental anomalies observed in the Aedes
aegypti treated with Cs-LEE: a. Larva-pupa intermediate,
b. pupa-adult intermediate, c. Adult failed to detach its
exuviae

The molecular mass of the ions generated from the
sample is shown on the x-axis as m/z ratios, and the
relative abundance of these ions is shown on the y-
axis, emphasizing the intensity or concentration of the
species in the sample. The compounds that were ion-
ized during the mass spectrometry study are shown by
the peaks. In negative ionization mode, the ion at m/z
441.1231 had the highest intensity, indicating that this
fragment was the most abundant species detected in
the sample. This peak stands out as one of the most
significant due to its high relative abundance.

At m/z 883.2780, 915.2726 and 833.6112, other nota-
ble peaks were detected, signifying distinct fragments
or molecular ions produced from the chemicals in the
Cs-LEE. One of the prominent peaks with high relative
abundance in the positive mode was the ion at m/z
195.1541, which had the highest intensity and indicated
that this fragment was the most prevalent in the sam-
ple. Other prominent peaks were found at m/z
304.4118, 593.5130, and 786.9247, which indicate dif-
ferent fragments or molecule ions generated from the
compounds in the Cs-LEE. The peaks represent the
molecular fragments of the substances contained in the
sample. The peaks of greater strength indicated higher
quantities of those particular substances. By comparing
the m/z values in this spectrum with databases of
known compounds, the chemical structures of the mol-
ecules were determined. LC-MS analysis of Cs-LEE
representing the major components present in the ex-
tract and their biological activities are presented in Ta-
ble 3. The LC-MS analysis of Cs-LEE revealed 430 and
470 distinct chemicals in the raw datasets for negative
and positive modes, respectively. Based on their mo-
lecular weights and retention durations, these chemi-
cals were identified with great accuracy. Numerous
bioactive molecules from several chemical classes,
such as Patulin, Fluconazole, Osmundalin, Kaempferol
Kaempferol/ Kaempferol 3-sophoroside 7-rhamnoside,
Quercetin 3- (glucosyl-(1->4)-rhamnoside) 7-rutinoside,

Astragalin 7- rhamnoside, Protocatechuic Acid, Flucon-
azole, Citrusin D, Luteolin 6-C-glucoside 8-C-
arabinoside/ carlinoside/ Carlina oxide were analyzed.
Each of these compounds has a wide variety of biologi-
cal functions.

GC-MS chromatogram of Cs-LEE is presented in Fig.
7. GC-MS analysis of Cs-LEE representing the major
components present in the extract and their biological
activities are presented in Table 3. The GC-MS profile
of the Cs-LEE sample reveals a rich composition of
bioactive molecules with proven or potential insecticidal
effects. The total number of peaks detected was 52,
with a total ion count (TIC) of 91,697,860. Major com-
pound was found to be Caffeine (1,3,7-trimethyl-3,7-
dihydro-1h-purine-2,6-dione) (peak #25) with dominant
peak area 38.32%. Top 10 major compounds (Area %)
were Caffeine (1,3,7-Trimethyl-3,7-dihydro-1H-purine-
2,6-dione) with 38.32% area, Hydroquinone, TMS de-
rivative with 19.59 percent area, Palmitic Acid, Trime-
thylsilyl derivative (TMS) with area% of 5.54, Octade-
catrein (9Trimethylsilyl (3E,6E,9E)-3,6,9-octadecatrien)
has area% of 4.76, 3,5-Dihydroxybenzoic acid, 3TMS
derivative with 3.44 area%, Adipic acid, TMS derivative
found to have 2.91 area %, Phytol, TMS derivative has
2.59 area %, 1,3,5-Benzetriol, 2TMS derivative has
2.58%, Pyrogallol, 3TMS derivative with 1.50 area %
and 1,3,5-Benzetriol, 3TMS derivative has area % of
1.31.

DISCUSSION

Across the world, one of the biggest threats to public
health is mosquito-borne illness. It can be managed by
applying repellent to prevent mosquito bites and by
killing larvae and adult mosquitoes.
As using synthetic insecticides pose many serious is-
sues, plant extracts are being considered as possible
natural sources of mosquito control (Sengul Demirak
and Canpolat, 2022). In this study, the larvicidal poten-
tial of the ethanol extract of Camellia sinensis leaves
against fourth-instar larvae of the Ae. aegypti mosquito
was assessed. The present study shows that Cs-LEE
affected the survival and development of fourth instar
larvae (Fig. 2), with mortality observed to be highest at
400 mg/L (Table 1). A direct correlation between expo-
sure duration and larval mortality, as well as between
the concentration of green tea leaf extract to which the
larvae were exposed and their mortality, was observed
in early studies (Hassan et al., 2020). In another study,
green tea oil was found to be effective against larvae
and adults of Culex mosquitoes (Radwan et al., 2022).
Green tea leaf extract has also shown larvicidal activity
against Anopheles arabiensis and Anopheles gambiae;
larval exposure to crude extract at 250 ppm and 500
ppm for 24 h resulted in larval mortality over 90 % in A.
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Table 2. LC-MS profiling of Cs-LEE identified its principal phytochemical components along with their insecticidal and
insect growth-regulating activities

S. Name of phyto- Molecular Molecular Chemical structure Biological Refer-

No. chemical formula weight (g/ activity ences

mol)

1. Patulin C7HeO4 154.12 My, Insecticidal, larvi- Reiss, 1975

cidal
it - (o]
= o0
3. Osmundalin C12H4g0sg 290.27 o Insecticidal Mitoi et al.,
(“\i 2024
v Numata et
[ /\l/o\l/o al.,1990
E/I\S
4. Fluconazole C13H12F2NgO 306.27 ~ Insecticidal Kac¢aniova
"\/> et al., 2025
" .
‘ W
5. Citrusin D C16H2005 342.34 ‘ Repellent, anti- Mursiti et
K\Hﬁ"/ feedant al., 2019

6. Kaempferol/ C33H40020 756.7 L. Insecticidal Periferakis
Kaempferol ‘Q et al., 2022
3-sophoroside :?’ 9
7-rhamnoside * LA

WERE O
DND 0

7. Astragalin 7- rhamno- Cy7H30015 594.5 LE Insecticidal Riddick,
side (kaempferol 2024
3-O-glucoside
7-O-rhamnoside)

8. Luteolin Co7H30016 610.5 , Insecticidal, anti- Sowa et al.,
6-C-glucoside DIEIE o o oxidant, antibac- 2023
8-C-arabinoside/ e ]\*\j\ L terial, antifungal,
carlinoside/  Carlina HZIIL, ‘\F‘\DH
oxide g H\g*}, ’

9. Sinensal-alpha/ C15H20 218.33 Insecticidal, anti- Tzi Bun Ng
Alphaisinesal/ PO P microbial etal., 2016
(E,E,E)-2,6,10- Y
Trimethyldodeca-
2,6,9,11-tetraen-1-al

10. Quercetin 3- C33H40029 756.7 Insecticidal Gao et al.,
(glucosyl-(1->4)- 2022

rhamnoside) 7-
rutinoside
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Table 3. GC-MS profiling of Cs-LEE identified its principal phytochemical components along with their insecticidal and
insect growth-regulating activities

S. Name of phyto- Molecular Molecular Chemical structure Biological References
No. chemical formula weight (g/ activity
mol)

1. Caffeine (1,3,7- CsH1oN4O; 194.19 Larvicidal Vilvest et al.,
Trimethyl-3,7- i / activity 2025
dihydro-1H- ~y N against
purine-2,6-dione) A\ | /> mosquitoes

07 N N
|
2. Catechol CoH140Si 182 o Larvicidal Tang et al,
N activity 2023
‘ ' against
<~ o mosquitoes
3. Hydroquinone CgH440,Si 182 \ Insect Céspedes et
T
__I.'-:l-:L growth inhi- al., 2004
1 bition
o
H
4. Pyrogallol Ci5H3003Siz; 342 . Disruptive Chauhan and
\ effect on Sohal 2018
} _ insect  de-
\ / velopment
5. Theobromine C7HgN,O2 180 Insecticidal Bourdarias et
/ al., 2025
HN N
07N~ "N
I

6. Octadecanoic C1gH3502 298 Insecticidal,  Arunthirumeni
acid, Methyl antifeedant et al., 2023
ester ’00 Khanday and

Sharma 2021

7. Benzoic acid, C49H3305Si; 458 . Insecticidal Ousman et al.,
3,4,5-tris Y Antimicrobi- 2025
(trimethylsiloxy) \ o o/ al Salinas-

N /Y Sanchez et al.,
2021
§ e
-
8. Palmitic acid C1gH400,Si 328 Insecticidal Perumalsamy
etal., 2015
Hor\/\/\/\/\/\/\/ Salinas-
° Sanchez et al.,
2021
9. Linoleic acid Co1H4002Si 352 Insecticidal Salinas-

Sanchez et al,,
2021
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Table 3. Contd......

10. 9-Octadecenoic C21H420,Si 354
acid

11. Stearic acid C21H44028i 356

12. Hexadecanoic C17H3402 270
acid

13.  2- Co7Hs5404Si, 498
linoleoylglycerol

14. 9,12- Co1H400.Si 352
octadecadienoic
acid

15. 9-octadecenoic Cy1H40,Si 354
acid

16. Catechine C30H54068i5 650

17. Stigmasterol C3oHs60Si 484

18.  Silane C3,H560Si 484

Insecticidal Shaalan et al.,
H"T(\/\/\/\%\/\/\/\/ 2025
Insecticidal Sabit et al,
2025
PP Insecticidal ~ Mokhtar et al.,
! 2021
Insect Gu, et al., 2025
growth in-
hibitor
- Insecticidal  Farag et al.,
2021
]
LN ~ :’l/
1
Insect repel- Viswakethu et
B lent al., 2025
Insecticidal Ruttanaphan et
"o ; al., 2023
o
..
HO
Insecticidal Anagued et al.,
antimicrobi- 2024
al
Insecticidal Narendrakumar
et al., 2021

gambiae and 75% in A. arabiensis. Exposure at a con-
centration of 100 ppm resulted in mortality rates of <50
% in both species. However, growth disruption effects
and developmental abnormality such as larval-pupal
intermediates were reported (Muema et al., 2016). The
results were somewhat similar to our reports on Ae.
aegypti, which indicate high mortality at high concentra-
tions and growth-suppressive and developmental-
disruptive activity of Cs-LEE at low concentrations. The
essential oils present in Camellia sinensis, and Citrus
medica had shown high larvicidal activity against Ae.
albopictus (Sheng et al., 2020). Furthermore, the caf-

feine and other chemical components present in green
tea aqueous extracts make it an efficient larvicide
against Drosophila prosaltans (Zabar et al., 2013).

The C. sinensis leaves ethanol extract increased the
development period of fourth instar larvae and pupae of
Ae. Aegypti (Fig. 2). These findings concur with those
of Hassan et al. (2020), who found that the develop-
mental period of both Culex pipiens larvae and pupae
was significantly affected after exposure to the C.
sinensis leaf extract. Dieng et al. (2016) reported a
longer larval development period and lower pupation
and adult emergence rates in Ae. albopictus when ex-
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posed to sublethal dosages of C. sinensis leaf extract.
Therefore, it was hypothesized that this extract might
have disrupted some crucial hormone-regulated devel-
opmental processes. Lopez et al. (2015) have docu-
mented effect of green tea polyphenolic extracts on the
larval stage of Drosophila melanogaster.

The C. sinensis leaf extract leaves resulted in the for-
mation of larva-pupa and pupa-adult intermediates.
With increasing extract concentrations, the percentage
of intermediates increased. Dead larva-pupa transition-
al stages and pupa-adult intermediates are shown in
Fig. 4a and 4b respectively. The larva-pupa intermedi-
ates possessed a larval abdomen and a pupa's head.
Moreover, adults that could not get detached from exu-
viae were also observed (Fig. 4c). These findings sug-
gest that the C. sinensis leaf extract disrupted meta-
morphosis, possibly by altering hormone regulation or
interfering with chitin synthesis during moulting
(Saxena and Yadav, 1983; Mwangi and Rembold,
1988). Plant extracts have been shown to cause mor-
phological abnormalities in mosquito larvae in a num-
ber of earlier investigations. Benzene extracts of Arge-
mone mexicana, Jatropha curcus, Pergularia exten-
sa and Withania somnifera have been shown to influ-
ence Culex quinquefasciatus larval morphology, includ-
ing larval-pupal intermediates (Karmegam et al.,1997).
Khater and Shalaby (2008) reported similar findings
about aberrant moulting in Culex pipiens after exposure
to fenugreek oils (Trigonella foenum-grecum), earth
almond (Cyperus esculentus), mustard (Brassica
compestris), olibanum (Boswellia serrata), rocket
(Eruca sativa), and parsley (Carum ptroselinum). Con-
sequently, the larvae failed to develop normally; the
deformed larvae, pupae, and adults formed. The study
may be further carried out to evaluate the effects of
sublethal doses of Cs-LEE on reproductive fitness, in-
cluding oviposition behaviour, egg viability, and hatch-
ing, for effective vector management.

The Cs-LEE has a significant effect on the growth index
of both the L4 and pupa of Ae. aegypti, it dropped sig-
nificantly in a dose-dependent manner (Fig. 3). The
reduced growth index was correlated with decline in
adult emergence. This suggested that although the Cs-
LEE was less toxic to L4 of Ae. aegypti during initial
exposure, it reduced fitness by impairing growth and
adult emergence. These findings concur with those of
Shaalan et al. (2005) and Saxena et al. (1993). It is well
known that plant extracts have a variety of effects, such
as neurotoxic, inhibition of detoxifying enzymes, disrup-
tion of larval growth, and midgut injury in insects. Green
tea extract's varied chemical composition points to a
multifaceted impact on mosquito physiology (Sharawi,
2023). An intriguing technique for determining the types
and quantities of active ingredients in the plant extract
is LC-MS and GC-MS. These methods were used to
identify bioactive components present in the ethanolic

extract of C. sinensis leaves. Some of the important
chemicals reported in green tea included polyphenols
such as catechins (proanthocyanidins, epigallocate-
chin), flavonoids (quercetin and kaempferol), alkaloids
(caffeine), saponins, and certain fatty acids (palmitic
acid, linoleic acid) (Table 2 and 3) These chemicals
have been reported to have insecticidal or deterring
effects.

Proanthocyanidins, the polyphenolic compounds are
condensed tannins. These are found in plants and help
them to defend against fungal invasions and insect her-
bivory (War et al., 2012). Proanthocyanidins have been
reported to hampered larval survival and adult emer-
gence of Anopheles arabiensis and Anopheles gambi-
ae (Muema et al., 2016). These compounds may also
decrease nutrient assimilation by lowering the bioac-
cessibility and digestion of amino acids, thereby ham-
pering the growth of larval and pupal stages of Ae. ae-
gypti as reflected by the lower growth indices in the
present studies (Frazier et al., 2010). Further, these
have been shown to inhibit the activity of ecdysone 20-
monooxygenase in a variety of dipterans, including
mosquitoes (Dieng et al., 2016). Ecdysone is an essen-
tial hormone for insect moulting. The observed longer
larval and pupal durations and abnormalities are con-
sistent with ecdysial failure and incorrect development
may be caused by interference with ecdysone biosyn-
thesis or metabolism (Dieng et al., 2016, Qasim et al.,
2020, Hassan et al., 2020). In insects, cell proliferation
and DNA replication occur during the post-embryonic
stages before growth and morphogenesis (Lee et al.,
2003). Green tea polyphenols have anticarcinogenic
effects and therefore inhibit growth, induce apoptosis,
and arrest the cell cycle in insects (Gupta et al., 2000;
Khan et al., 2006).

Quercetin and Kaempferol the two hydroxylflavones
were reported in the Cs-LEE. These compounds have
been reported to cause cell cycle arrest by blocking
tyrosine phosphorylation of CDC25A during the G2/M
phase and/or triggering apoptosis (Aligiannis et al.,
2001). Further, alkaloids and methylxanthines reported
in the Cs-LEE may reduce nutrient intake and lead to
starvation, resulting in impaired larval growth (Dieng et
al., 2016; Procopio et al., 2015). Caffeine has been
reported to disrupt the development of mosquito larvae
(Laranja et al., 2003). Moreover, larvicidal and pupicidal
properties of Caffeine have been reported against Ae.
aegypti and Culex quinquefasciatus (Valvest et al.,
2025). Saponins reported in the Cs-LEE can bind to
digestive enzymes and indirectly affect beneficial bac-
teria in the insect's digestive system, further hindering
digestion and nutrient absorption (Qasim et al., 2020).
Moreover, saponins harm midgut epithelial cells both
structurally and physiologically (Cui et al., 2019). Larval
death may results from this disruption of digestive en-
zyme biosynthesis and nutrition absorption (Cui et al.,
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2019). Furthermore, the toxicity of fatty acids, such as
Palmitic acid and Linoleic acid, against mosquito larvae
has also been reported earlier (Perumalsamy et al.,
2015; de Melo et al., 2018). The findings indicate that
AChE is the main target site of these fatty acids, lead-
ing to accumulation of acetylcholine at nerve endings,
continuous overstimulation of cholinergic receptors,
and ultimately rapid paralysis and death (Perumalsamy
et al., 2015).

A variety of bioactive phytochemicals, including flavo-
noids, phenolics, alkaloids, fatty acids, and saponins,
may collaborate to confer green tea extract its efficacy
rather than any one acting alone. Together, these sub-
stances affect several vital physiological functions in
mosquitoes, including the modulation of hormones
(ecdysone), the digestion and absorption of nutrients,
and the integrity of the cuticle and midgut. Compared to
pesticides with a single mode of action, this multi-target
strategy makes it more difficult for mosquitoes to build
resistance (Corzo-Gémez et al., 2024). Due to the in-
herent difficulty of developing resistance to multiple
simultaneous attacks, this comprehensive targeting of
several biological pathways explains why green tea
extract is beneficial across the diverse life stages of Ae.
aegypti and implies a potential for robust, long-term
efficacy. The present work focuses on the growth-
suppressive and development-disruptive effects of Cs-
LEE against Ae. aegypti larvae under laboratory stud-
ies. However, in the natural environment, factors such
as variable water quality and the presence of natural
predators may affect the extract's efficacy. Therefore,
further studies in semi-field and field conditions can
assess the efficacy of the extract in real-world scenarios.

Conclusion

The present study reported that Cs-LEE had adverse
effects on the survival, growth, and development of Ae.
aegypti larvae and pupae. Consequently, both larvae
and pupae showed increased mortality and a prolonged
developmental period. The Cs-LEE was also shown to
have growth-suppressive activity, as reflected by a de-
creased growth index in the treated larvae; the abortive
moulting and formation of larval-pupal intermediates
indicate developmental-disruptive activities of the ex-
tract. The phytochemical analysis of the Cs-LEE re-
vealed the presence of a variety of active ingredients
including flavonoids, catechins, caffeine and polyphe-
nols in high concentrations. Many of these compounds
have JH-mimic activities; therefore, they interfere with
insect hormones and contribute to growth-suppressive
and developmental-disruptive activities. Present study
revealed presence of JH mimic compounds in the Cs-
LEE. Further, the effects related to increased JH levels
were reported in the larvae treated with Cs-LEE. There-

fore the research work can be extended to find JH titers
in treated larvae using GC-MS/MS. Studies can also be
planned to evaluate the synergistic potential of Cs-LEE
with other botanical extracts to make it more effective.
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