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Efficacy of the fractions of Chenopodium ambrosioides Linn (Chenopodiaceae) against
Anopheles gambiaeGiles and Culex quinquefasciatusSay larvae (Diptera: Culicidae)

Abstract

Botanical insecticides are nowadays highly encouraged in mosquito control programs
because of their efficacy, specific target, biodegradability, less toxic. for. non-target
species,and safe for the users. In this context, five fractions obtained from the spitting of
Chenopodium ambrosioides leaf methanol extract were evaluated for their toxic effect against
Anopheles gambiae and Culex quinquefasciatus larvae in the laboratory. The plant crude
extract and its fractions were diluted in 1 mL of methanol and:concentrations of 125, 250,
500, and 1000 ppm were prepared in 100 mL solution with distilled water in the plastic cups.
Bi-one was used at a unique concentration of 1000 ppm as-positive control and 1 mL added
to 99 mL of tap water was used as negative control. In each preparation test and control, 25
early fourth instar larvae of each mosquito species were.transferred and larval mortality was
recorded after 24 h. The phytochemical screening revealed the presence of phenolic
compounds, alkaloids, terpenoids, flavonoids, and tanninswin C. ambrosioides methanol
extract and its 5 fractions. The plant methanol extract and.its fractions caused a significant
toxic effect against the 2 mosquito species larvae and fraction 1 was revealed as the most
potent against both An. gambiae (CLsp = 66.39.ppm) and Cx. quinquefasciatus (CLso=
251.41ppm) larvae. Thus, fraction' 1 of C. ambrosioides might be used in small-scale
potential mosquito breeding sites:to reduce the density of the 2 mosquito species assessed
around the buildings. This fraction 1 might be furthermore submitted to chromatography for
the isolation of the compounds respensible for the larvicidal efficacy.
Keywords:Chenopodium ambrosioides, methanol extract, fractions, phytochemicals,
Anopheles gambiae, Culex quinquefasciatus

1. Introduction

Belonging to the family.of Culicidae, mosquitoes are dipteran insects considered as the main
public health problem in sub-Saharan Africa. These blood-sucking insects are involved in the
transmission of numerous dreadful illnesses such as lymphatic filariasis, malaria, yellow
fever, dengue fever, chikungunya, zika fever, etc[1].

The mosquito species Culex quinquefasciatus, densely distributed around human buildingsin
the urban area are a source of nuisance because of their unpleasant noises and painful bites[2,
3]. The mosquito speciesconstitutes also the most significant public health problemfor its
involvement in the transmission ofJapanese encephalitis, West Nile fever, and lymphatic
filariasis[4, 5]. In the sub-Saharan region of Africa, lymphatic filariasis affects more than 40
million people,andpersons with hydrocele or elephantiasis disabilities face sexual, marriage,

educational, and employment discrimination[6, 7]



Anopheles gambiaes.l. with its high blood-feeding behavior on human beings remains the
main vector responsible of 98% of malaria transmission in sub-Saharan Africa [8]. According
to the World Malaria Report of 2023, approximately 249 million malaria cases were
distributed in 85 malaria-endemic countries and 608,000 deaths were reported worldwide in
2022. About 93.6% of global cases and 95.4% of overall deaths are encountered in the WHO
African Region in which children aged under 5 years represent 78.1% of total deaths
recorded in 2022 [9]. In Cameroon, 6,459,013 malaria cases and 12,587 deaths were
registered in 2022 [9].

To reduce the impact of these mosquito-borne diseases, several control methods were
developed whether at the parasite level through chemotherapy procedure or.vector control
measures. Among these control methods,vector control by combining physical, biological,
and chemical control remains a suitable measure since it«has proven. its effectiveness in
numerous communities [10]. According to Antonio-Nkondjio et'al. [11], mosquito vector
control, especially anti-larval measures remains an idealapproach since that method gets rid
of these insects before reaching the adult stage, able to transmit diseases.However, chemical
mosquito control through the application of residual synthetic insecticides including
organophosphates, carbamates, organochlorines, and  pyrethroids is the most used.
Unfortunately, the repeated misuse of these chemicals has led to the development of
mosquito strains resistant to those insecticides[12, 13]. Besides, they pollute the environment
and are toxic to humans, animals, and other non-target species[14]. As an alternative, plant-
based insecticides might be suitable since they are biodegradable, target-specific, and less
toxic for humans and animals [15, 16].

The plant “species . Chenopodium ambrosioides (Chenopodiaceae) also called
Dysphaniaambrosioides is an annual hermaphrodite plant, originated from America and
largely distributed. in tropical and sub-tropical regions,especially in Ghana, Senegal, Nigeria,
and Cameroon[17]. As insecticide, larvicidal, and adulticidal efficacy of the methanol extract
and essential oils of the plant were reported against An. gambiae larvae and adults[18, 19].
The seeds and leaves of the plant were also toxic to the larvae and adults of
Anophelesarabiensis and An. gambiaes.s. [20].Essential oil of that plant was reported to
possess toxic effect against the grain-damage insects including Sitophilus zeamais,
Callosobruchus chinensis, C. maculatus, Acanthoscelides obtectus, Sitophilus granaries,
andProstephanustruncates adults [21, 22]. Its powder was toxic for the Mexican bean weevil

Zabrotessubfasciatus[23].



From our knowledge, no previous study was reported on the larvicidal activity of C.
ambrosioides fractions against An. gambiae and Cx. quinquefasciatus larvae. This present
study aimed to evaluate the effectiveness of C. ambrosioides leaf fractions against the larvae
of An. gambiae and Cx. quinquefasciatus,respectively the main vectors of malaria and

lymphatic filariasis.

2. Materials and Methods

2.1. Harvesting of the plant material

The green leaves of C. ambrosioides were collected early in the morning (6:00 +1h GMT)
from Bini-Dang (latitude 7°24.949°N, longitude 13°32.870°E and. altitude 1093m) in
Adamaoua region of Cameroun. The plant species was identified by Prof Mapongmetsem
Pierre-Marie, the botanist of the Faculty of Science, University of Ngaoundere, Cameroon.
The voucher of the plant was deposited at the National Herbarium of Cameroon of Yaounde
and its identity was confirmed under the registration number of No. 44452/NHCam in
comparison with the sample of Asonganyi J.N.no.233.

2.2. Processing of the plant leaves

The plant leaves were washed with tap water and dried under shade in the room at ambient
temperature (25+3°C; 75+4% r.h) for 14 days. Then, the dried leaves were reduced in the
powder in the wood mortar and-sieved with 0.4 -mm mesh size. The obtained plant powder
was stored in dark sealed plastic. bags in.the refrigerator set at -4°C until their use for
methanol extraction.

2.3. Plant extraction with methanol solvent

For methanolic extract preparation, 750 g of C. ambrosioides powder was soaked in 3000mL
of methanol'solvent for 72 h. During the process, the maceration was manually stirred twice a
day (morning.and afternoon). After 72 h of maceration, the supernatant was filtered using
Whatman No.1 filter paper. The remained residue was rinsed and filtered several times with
fresh methanol until a clear phase was observed. The filtrate obtainedwas concentrated using
a rotary evaporator and completely dried in the oven set at 60°C. The methanolic extract
obtained was weighed and kept at -4°C in the refrigerator. The extraction yield was calculated
according to the following formula.

Extracti ield (%) = Weight of plant methanolic extract obtained % 100
xtraction yie 7 Weight of the plant powder used

2.4. Column chromatography fractionation



To fractionate the methanolic extract of C. ambrosioides, a glass column chromatography (8
cm diameter and 45 cm height) was used. Previously, 60 g of the crude extract dissolved in
50 mL of methanol was fixed on 200 g of silica gel (63-200 um particle size) and then
transferred into the column containing already 400 g of silica gel. The column elution started
with the non-polar solvent hexane followed by the gradual increase of the solvent system
polarity. However, the column chromatography was eluted with the solvent system of 100%
hexane followed by 95% hexane + 5% ethyl acetate, then 90% hexane + 10% ethyl acetate,
85% hexane + 15% ethyl acetate, 50% hexane + 50% ethyl acetate and 75% hexane + 25%
ethyl acetate systems. The following solvent system was 100% ethyl acetate, then 50% ethyl
acetate + 50% methanol system, and at last 100% methanol system. During the column
elution process, 500 mL of the filtrate fraction was recovered. At the end of the column
elution process, 55 fractions were collected and immediately concentrated using a rotary
evaporator. To pool the 55 fraction samples obtained, each dry fraction obtained was
submitted to the thin layer chromatography (analytical TLC) resulting to 5 major fractions.
The yield of each major fraction was calculated using the following formula:

Weight of the major fraction obtained

- - x 100
Weight of the methanolic crude extract used

Fraction yield (%) =

2.5. Phytochemical screening of extract and fractions of C. ambrosioides

Extract and fractions of C. ambrosioides were screened to detect the presence of alkaloids,
flavonoids, saponins, tannins, polyphenols, sterols, and terpenoids in these products
following the method described by Harborne [24]. These 7 phyto-constituents were targeted
for screening based on their insecticidal properties largely reported in the previous studies.
2.6. Collection and rearing of mosquito species

Egg rafts of.Cx.. quinquefasciatus were collected from the strain established in the
insectarium-of-the. Laboratory of Applied Zoology, Faculty of Science, Faculty of Science,
University of Ngaoundere, Cameroon while An. gambiae eggswere provided by the
Organization of Coordination for the Fight against Endemic Diseases in Central Africa
(OCEAC) in Yaounde, Cameroon. In the insectarium, the eggs of each mosquito species were
transferred into plastic trays containing tap water to hatch into larvae. Each mosquito species
larvae were reared according to the standard WHO [25]protocol in the laboratory (25+2°C;
78+4% r.h.). Larvae of An. gambiae were fed with TetraMin Baby food while the mixture of
crayfish and biscuit (1:3 ratio) was made to feed Cx. quinquefasciatus larvae. To avoid the

suffocation of the mosquito larvae caused by the decayed food, water in each tray was



renewed every 2 days. Fourth instar larvae of each mosquito species were used for the
larvicidal bioassay.

2.7. Larvicidal test

The larvicidal test of the extract and fractions of C. ambrosioides on An. gambiae and Cx.
quinquefasciatuslarvae was conducted in the insectarium of the Laboratory of Applied
Zoology, Faculty of Science, University of Ngaoundere, Cameroon according to the protocol
of WHO [26]. Previously, stock solutions (in total volume of 20 mL each) of theplant
methanolic extract or its fractionswere prepared with methanol solvent. Then from each stock
solution, concentrations of 1000, 500, 250, and 125 ppm in four replicates each were
prepared in a volume of 100 mL with tap water in plastic cups (250 mL). The commercial
insecticide Bi-One® (1000 ppm) was tested as the positive control while.the negative control
consisted of 1 mL methanol added to 99 mL tap water. Then, a batch of twenty-five (25) 4"
instar larvae of An. gambiae or Cx. quinquefasciatuswere transferred separately into each
prepared concentration solution and controls and larval mortality was recorded after 24 h
post-exposure. The larval mortality was corrected withthe Abbott [27]formula when mortality
in the negative control ranged from 5% and.20% as follows:

Number of dead larvae in tests or controls

Mortality rate (%) = - * 100
0 y rate (%) Total number of mosquito larvae used

Corrected mortality (%) = LNC x 100

Where NT= Number of deatr} Ia_rvlglleC in the test, NC= Number of death larvae in negative
control

2.8. Statistical analysis

Data of the corrected larval mortality were transformed into the percentage of mortality using
Microsoft Excel 2019 and submitted to analysis of variance using SPSS (Statistical Package
for Social Sciences) version 16.0 software. For means comparison, Tukey's test (P = 0.05)
was applied. To determine the concentration values of the plant extract or fractions causing
50% (LCso) and 90% (LCqp) larval mortality, Probit analysis [28]was employed.

3. Results

3.1.Extraction yields

Cold maceration during 72h of 750 g of C. ambrosioides in 3000 mL of methanol solvent
yielded 12.60% of extract which after splitting, yielded different fraction proportions as
presented in table 1. After the partition of 60 g of C. ambrosioidesmethanolic extract using

column chromatography, 5 major fractions were obtained in which fraction 4 (48.06%) and



fraction 1 (45.32%) presented high yields compared to the other fractions. However, fraction
5 yielded a moderate yield of 5.60% while very low yields were registered in fraction 2
(0.44%) and fraction 3 (0.40%).

Table 1.Extraction yields of the leaf extract and fractions of Chenopodiumambrosioides

Extract/Fraction Weights (g) of extract/fraction obtained Yield (%)
Methanol extract 189.00 12.60%
Fraction 1 27.19 45.32°
Fraction 2 0.26 0.44°
Fraction 3 0.24 0.40°
Fraction 4 29.16 48.06°
Fraction 5 3.36 5.60°

%obtained from 750g of plant powder used and "obtained from 60g of methanol extract used.

3.2. Phytochemical constituents of Chenopodiumambrosioides.extract.and fractions

In the crude methanolic extract of C. ambrosioides, tannins, terpenoids, flavonoids,
polyphenols, and alkaloids were present in variable concentrations (Table 2). After the
fractionation of the plant crude extract, alkaloids were present in fractions 1, 2, and 3 while
polyphenols were found in fraction 1 and fraction 3: Flavonoids were present in all 5
fractions obtained while terpenoids and tannins were only found in fraction 1 and fraction 4
(Table 2).

Table 2. Phytochemical constituents of Chenopodiumambrosioides extract and its 5 fractions

Phytochemicals  Crudeextract “Fractionl.  Fraction2 Fraction3  Fraction4  Fraction5

Alkaloids + + + + - -
Polyphenols
Flavonoids

Terpenoids

Steroids - - - - - -
Tannins
Saponins - - - - - -

+ %+

+
+ + +
+

+ +
+

+
+
1
1
+
1

+ = present and - = absent

3.3. Effect of Chenopodiumambrosioides extract/fractions onAnopheles gambiae larvae

Figure 1 presents the mortality rate of An. gambiae larvae exposed to the methanolic crude
extract and the 5 fractions of C. ambrosioides. In general, the plant methanolic extract and its
5 fractions caused a significant concentration-dependent larvicidal activity against that
malarial vector. C. ambrosioidesmethanolic extract exhibited a significant (F=241.53, df1=5,
df2=12, P<0.001) larvicidal activity varying from 32% at the lowest dose of 125 ppm to
100% at the highest dose of 1000 ppm. After splitting the plant crudeextract fraction 1
induced a high mosquito larval mortality ranging significantly (F=450.75, df1=5, df2=12;
P<0.001) from 75% (at 125 ppm) to 100% (at 1000 ppm). Fraction 2 of the plant caused a



moderate mortality An. gambiae larvae ranging significantly (F=669.03, df1=5, df2=12;
P<0.001) from 0.0% (at 125 ppm) to 85.33% (at 1000 ppm). Fraction 3 caused also a high
larvicidal activity varying significantly (F=431.14, df1=5, df2=12; P<0.001) from 37.33% (at
125 ppm) to 100% (at 1000 ppm). A moderate larvicidal activity ranged significantly
(F=253.85, df1=5, df2=12; P<0.001) from 5.33% (at 125 ppm) to 53.33% (at 1000 ppm) was
recorded with fraction 4.Fraction 5 exhibited also moderate larval mortality varying
significantly (F=319.80, df1=5, df2=12; P<0.001) from 0.0% (at 125 ppm) to 70.66% (at
1000 ppm).

The fractionation of the methanolic crude of C. ambroides significantly improved the
efficacy of the plant against the larvae of An. gambiae since some fractions were revealed as
more effective than the crude extract (Table 3). Among the. fractions of C. ambroides
obtained and tested on An. gambiae larvae, fraction 1 (LCs,=:66.39 ppm) was revealed as the
most potent followed by fraction 3 (LCso= 146.22 ppm),‘the methanolic crude extract (LCso=
190.35 ppm), fraction 2 (LCso= 525.33 ppm), fraction 5 (LCso= 620.18 ppm) and fraction 4
(LCs0=914.18 ppm) (Table 3).
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Figure 1. Mortality rate of Anopheles gambiae fourth instar larvae exposed for 24h to the
methanol extract and fractions of Chenopodium ambrosioides in the laboratory. NC=negative
control (ImL of methanol + 99 mL of tap water), PC= positive control (Bi-Onetested at 1000

ppm).

Table 3. LCso and LCqy values (ppm) after 24h of Chenopodium ambrosioides extract and
fractions against Anopheles gambiae fourth instarlarvae in laboratory conditions.

Plant

oroducts  SIOPEESE R° LCs0(95% C1) LCan(95% Cl) %




ME 2.93+0.16 0.89  190.35(164.51-215.62) 520.02 (440.54-651.35) 24.08**

F1 2.93+0.37  0.66 66.39 (30.99-91.09) 181.40 (150.03-233.14) 25.23**
F2 4.93+x0.25 0.93  525.33 (448.08-613.31) 955.17 (788.92-1307.12)  74.12***
F3 5.01+0.34 0.70  146.22 (137.98-154.13) 263.41 (245.25-287.53) 8.55"™
F4 1.91+0.13 0.97 914.18 (804.59-1068.44) 4269 (3186.69-6266.43) 13.73"

F5 3.91+0.21 091  620.18 (512.53-769.80) 1317 (1000.33-2216.87)  85.99***

***P<0.001; *P<0.05:™P>0.05;F= Fraction; Cl= Confident Interval;MCE=
MethanolicCrudeExtract; LC= Lethal Concentration; R?= Coefficient of Determination ; XZ:
Chi-square ; SE = Standard Error.

3.4. Effect of Chenopodiumambrosioides extract andfractions against
Culexquinquefasciatus larvae

The mortality rate after 24h of Cx. quinquefasciatus larvae treated with C. ambrosioides
methanolic extract and its 5 fractions are presented in Figure 2. Globally, the plant crude
extract and its fractions exhibited a significant concentration-dependent. mortality of that
mosquito species, and that mortality augmented with the increasing concentrations. The plant
methanolic extract caused a significant (F=485.54, dfl=5; df2=12, P<0.001) larvicidal
activity ranging from 0.0% at the lowest concentration of 125 ppm to 100% at the highest
dose of 1000 ppm.After fractionation of C. ambrosioidesextract, its fraction 1 exhibited high
larval mortality varying significantly (F=389.37, df1=5, df2=12; P<0.001) from 10.0% (at
125 ppm) to 100% (at 1000 ppm).Fraction.3 of the plant caused a moderate mortality Cx.
quinquefasciatus larvae ranging significantly (F=751.40, df1=5, df2=12; P<0.001) from 0.0%
(at 125 ppm) to 57.33% (at 1000 ppm).Others fractions induced low mortality of mosquito
larvae varying significantly (F=418.28, df1=5, df2=12; P<0.001) from 0.0% (at 125 ppm) to
33.33% (at 1000 ppm) for fraction.2;significantly (F=748.34, df1=5, df2=12; P<0.001) from
0.0% (at 125 ppm)-to 34.66% (at 1000 ppm) for fraction 4; and significantly (F=1016.0,
df1=5, df2=12; P<0.001) from 0.0% (at 125 ppm) to 16.00% (at 1000 ppm) for fraction 5.

Values of LCso and LCq of C. ambrosioidesextract and fractions presented in Table 4
highlighted fraction 1 (LCs0=251.41 ppm and LCqp=534.97 ppm) as the most potent on Cx.
quinquefasciatuslarvae compared to other fractions tested. Fraction 3 (LC50=930.37 ppm) and
crude extract (LC50=989.68 ppm) caused moderate activity while fraction 4 (LCs,=1272.31
ppm), fraction 2 (LCsp=1520.45 ppm) and fraction 5 (LC5,=4482.97 ppm) exhibited a low

activity against Cx. quinquefasciatuslarvae (Table 4).
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Figure 2. Mortality percentage after 24h of Culex quinquefasciatusfourth instar larvae exposed to
the extract methanol and fractions of Chenopodium ambrosioidesin the laboratory. NC=negative

control (ImL of methanol + 99 mL of tap water), PC= positive control (Bi-One 1000 ppm).

Table 4. LCso et LCyo (ppm) values after 24h-of Chenopodium ambrosioides extract and

fractions tested against Culex quinquefasciatusfourth instar larvae in the laboratory

conditions.
E:@g‘ucts SlopetSE R’ L Cs0(95% Cl) L Coo(95% Cl) 2
MCE 3351024 007 989.68(857.42-1211.99)  2383.38(1784.67-384056) 2532
F1  390+019 088  251.41(230.58-273.52) 534.07(474.93-621.29)  18.03ns
F2 2224019 096 152045(128118-191458)  5736.53(4038.86-9386.84)  13.36ns
F3  588t044 004 ' 930.37(886.13-082.29) 1536.08(1401.03-1731.77)  5.22ns
F4 32940297007 1272.31(1136.41-1478.50)  3114.27(2467.48-432550)  12.45ns
F5  144+019 091 448297(2780.14-10096.65) 34749.17(14119.33-165004.22) 14.02ns

**P<(0.01; ™P>0.05:F= Fraction: Cl= Confident Interval; MCE= MethanolicCrudeExtract;
LC= Lethal. Concentration; R?= Coefficient of Determination; y’= Chi-square; SE =
Standard.Error.

4. Discussion

From numerous previous studies, plant extracts, fractions, and isolated compounds as well as
essential oils have been reported to possess insecticidal properties[29, 30]. Research on these
botanical insecticides is regarded nowadays as an alternative to the synthetic insecticides
currently in use. This,is because botanical-based insecticides are effective, target-specific,
reduce insect resistance issues, environmentally less toxic, and are safe for the users[31].

In this present study, the methanol extract of C. ambrosioides and its 5 fractions caused a
significant concentration-dependent larvicidal activity against larvae of An. gambiae and Cx.

quinquefasciatus.Similarly, Oumarou et al. [18]reported a potential efficacy of the



methanolic extract of C. ambrosioides extract 24 h post-treatment against larvae of An.
gambiae with LCsy = 204.56 ppm. Chenopodium suaveolens ethanol extract was reported to
exhibit a high larvicidal effect against Anopheles species larvae with LCs, of 389.05 mg/L
after 24 h[32].The leaf ethanolic extract C. ambrosioides was highly toxicagainst the fourth
instar larvae of the invasive Zika and dengue virusAedes albopictus with LCsovalue of 199.55
ppm [33]. N-hexane extract of C. botryswhole-plant exhibited remarkable larvicidal activity
againstCx.quinquefasciatus larvae with a 24-hour lethal concentration (LCsg) of 495.6 ppm
[34]. From Nigeria, ethanolic extract of C. ambrosioides was found toxic forSitophilus
zeamais (LCsp =0.04 g/L), Triboliumcastaneum (LCso =0.04 g/L) and Callosobruchus
maculatus (LCso =0.02 g/L) after 48h[35]. C. ambrosioidesethanolic extract was also toxic to
sweetpotato whitefly,Bemisiatabaci which tested at 6% concentration caused 93% mortality
of the insect pest [36]. The efficacy of the plant extract against mosquito larvae could be due
to their relative richness in phytochemicals like tannins, flavonoids;.alkaloids, terpenoids, and
phenolic groups. Besides, plant parts, solvents, and extraction methods might also influence
the effectiveness of the plant extract [37].

Among the fractions of C. ambrosioides tested against An. gambiae larvae in this present
study, fraction 1 was revealed as the most potent on mosquito larvae. In the same way,
fractionated extracts of Dracaena loureiri endocarp evaluated on Cx.quinquefasciatus and
Anopheles minimusrevealed fractionated group extracts RC-DT 012 (LCso = 0.66 mg/L) and
RC-DT 013 (LCso = 0.94-mg/L) as the most potent against Cx.quinquefasciatusmosquito
species [38]. Column: chromatographic fractions F1 and F3 of the methanol extract of
Calpurnia aurea showed remarkable larvicidal activity against An. arabiensis with LCso of
6251 and 82.33 ppm, .respectively [39]. Fractions F2 and F3 of Ricinus
communisdemonstrated a high larvicidal activity against An. arabiensis larvae with the lowest
LCso 0121.012 and 28.410 ppm [40].

The high larvicidal efficacy of fraction 1 should be linked to the non-polar hexane solvent
mostly used for its elution. Numerous previous studiesreported hexane fraction as the most
effective against mosquito species. It is the case of Bouba et al.[41]who reported the hexane
fraction of Cyperus rotundus(LCs,=52.43 ppm) ppm slightly more effective than ethylacetate
fraction (LCs0=54.26 ppm) that plant against An. arabiensis larvae.Similarly, among the
fractions tested, the n-hexane fraction was most effective against Cx. quinquefasciatus
(LCso= 3394.9 ppm) and An. gambiae (LCso= 385.9 ppm) larvae [42]. N-hexane (LC50=298.8

ppm) fraction of Annona senegalensis was also found to be more toxic than other fractions



againstAn. gambiae (LCs,=2087.6 ppm), and Cx. quinquefasciatus(LCs,=2087.6 ppm) larvae
[43].

The effectiveness of fraction 1 might linked to the high amount and diversity of secondary
metabolites found in this fraction compared to the plant fractions and crude methanolic
extract. Secondary metabolites such as alkaloids, polyphenols, terpenoids, flavonoids, and
tannins might actlike carbamates and organophosphates which have demonstrated some
interference of acetylcholinesterase inhibition in the central nervous system of the insect
through oral, respiratory, or cutaneous absorption, and consequently leading to seizures and
death of insect pest by intoxication [44]. According toTanaka[45], these secondary
metabolites may act on the y-Aminobutyric acid (GABA)system, leading to the inhibition of
mitochondrial activity. Recent studies have revealed that acetogeninsquamocin affects the
digestive cells of the midgut by damaging the anal papillaeof Ae. aegypilarvae causing cell
death by autophagy [46, 47]. It has also been observed that flavonoidsand alkaloidscan
strongly inhibit the Acetylcholine esterase of mosquito larvae and act as a growth regulator
[48, 49]. They influence the central nervous system of the insects, by acting on the receptors
of several neurotransmitters, provoking. uncontrolled muscular movements, paralysis,
seizures, and death [50]. Besides, morphological examination of dead Aedes albopictusand
Ae. aegypti larvae previously exposed ‘to confertifolin isolated from Polygonum
hydropipershowed the destruction ofthe anal zone of the larvae with the loss of ridge-like
reticulum and also the damage ofthe anal papillae, with a shrunk of the cuticle bordered [51,
52].Moreover, serial damages of the epithelium layer and peritrophic matrix tissues of the
midgut portion of Ae.. aegypti and Cx. quinquefasciatus larvae after exposition to

Leonotisnepetifolia-mediated silver nanoparticles were reported by [53].

5. Conclusion

The methanol extract of C. ambrosioides was significantly toxic against the larvae of An.
gambiae and Cx. quinquefasciatus. But, the partition of the methanol extract of the plant
conducted to five major fractions and fraction 1 was highly rich in some phytochemicals
including flavonoids, alkaloids, phenolics, terpenoids, and saponins. However, fraction 1
(CLso= 66.39 ppm) was revealed as the most toxic on An. gambiae and while fraction 3
(CLso= 930.37 ppm) was the most potent against Cx. quinquefasciatuslarvae. Thus, fraction
1 and fraction 3 may be used as phyto-larvicides to control An. gambiaelarvae in their

breeding sites around the human habitations. These two fractions might be furthermore



submitted to column chromatography for the isolation of the compounds responsible of the
larvicidal efficacy.
Data Availability

Data used to support the findings of this present study are included in the manuscript.
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