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Abstract

Chemical insecticides have greatly contributed to the emergence of resistant mosquito populations in sub-Saharan Africa.
Innovative strategies exploring novel animal-derived secretions may offer new avenues for effective vector control. We
investigated the chemical composition of the hydroethanolic extract (HE) from millipede Ophistreptoides sp. and assessed its
repellent and insecticidal effects against the susceptible Anopheles gambiae Kisumu strain. Millipedes were collected from
vegetation and macerated in 70% distilled alcohol and 30% tap water for 5 days. A spectrophotometric approach was performed
for the determination of all compounds present in the extract. The repellent effect was evaluated on fifty adult females of An.
gambiae using impregnated papers with extract at different concentrations of 25, 50, 75, and 100 mg/mL, with acetone as control.
The adulticidal effect was measured after 1 hour of exposure, with mortality assessed at 24, 48, and 72 hours post-exposure.
Spectrophotometric analysis identified 2-2-methoxy-3-methyl-1,4-benzoquinone and methyl-1,4-benzoquinone as the main
compounds in the extract. The repellency rate ranged from 57.69 + 11. 46 at 25 mg/mL concentration to 97.54+1.42% at 100
mg/mL concentration. Mosquito mortality rates increased significantly (p < 0.05) with both exposure time and tested
concentration with the highest toxicity recorded at 72 h post-exposure (LCso = 18.09 mg/mL; LCos = 186.44 mg/mL). This study
highlights the potential of millipede-derived bioactive compounds in integrated vector management and suggests further research
into their molecular modes of action and formulation for mosquito nets and spray.
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1. Introduction

Malaria remains a significant global health challenge across World and 3" in Central Africa, Cameroon malaria prevalence
tropical and subtropical regions. In 2025, an estimated 263 was overall estimated to 2.9% in the World [2]. Malaria is en-
million new cases and approximately 597,000 deaths were re- demic in many African countries, leading to high morbidity
ported globally, with sub-Saharan Africa accounting for 95% of  and mortality rates. Plasmodium falciparum, the most virulent
the global disease burden [1]. Ranged 11" country in the  species infecting humans, is responsible for the majority of
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severe malaria cases and mortality. Within human host, this
specific parasite undergoes schizogony/merogony invading
erythrocytes or red blood cells involving several direct effects
to patients during the symptomatic phase, such as: fever, ane-
mia, vomiting, body aches, fatigue, etc. [2]. It is reported that
children under five years old and pregnant women are gener-
ally disproportionately must vulnerable to malaria in sub-Sa-
haran Africa [3]. This infection is due to Anopheles mosqui-
toes bite during their blood feeding from its host such as hu-
man; it is also known that a high number of taxa are implicated
to the transmission dynamic of malaria in Cameroon [4-6]
whereas Fondjo et al. (2023) [3] reported that eighteen (18)
species or twenty-one (21) including sub-species belonging to
genus Anopheles are responsible for malaria transmission in
Cameroon. Among these species, Anopheles gambiae sensu
lato (s.1.) is known as one of the major vector-borne malaria
diseases to human in Cameroon [6, 7].

Anopheles gambiae complex is made up of several malaria
vectors in sub-Saharan Africa. These vectors are highly an-
thropophilic and are therefore highly effective in transmitting
the disease. They exhibit a several biological features, includ-
ing blood-seeking, resting and feeding behaviours which vary
according to the species. Some species are found in the same
ecological niches, while others alternate depending on cli-
matic and environmental conditions [8].

Several preventive approaches including the use of the
Long- Lasting Insecticidal Nets (LLINs) and Indoor Residual
Spraying (IRS) are recommended to control malaria vector
populations [9, 10]. However, these methods use pyrethroids,
organophosphates organochlorines, neonicotinoids and carba-
mates as repellent and lethal agents. Recent studies high-
lighted the emergence of resistance in the Anopheles gambiae
complex, such as An. gambiae, An. coluzzii and An. arabiensis
[11-17]. Mosquito resistance to chemical insecticides poses a
major challenge to the control of malaria. Although protection
indoors is essential, it is crucial of protecting oneself outdoors.
In this context, repellents are often recommended, even
though some of their limitations are highlighted especially (1)
the partial protection for some short-lasting formulations, re-
quiring frequent reapplication to maintain effective protection
(2) the irritating or toxic effects on the skin, when used exces-
sively or in cases of individual hypersensitivity. The ever-
growing resistance of insects to synthetic insecticides under-
scores the development of new actives ingredients and the ur-
gent need to find innovative vector control strategies in order
to reduce the burden of vector-borne diseases in sub-Saharan
Africa.

Since decades, animal-derived secretions have garnered
significant attention due to their anticoagulant, antimicrobial,
repellent and lethal proprieties against arthropods. Common
examples include snake venom, mosquito and tick saliva, spi-
der silk, toad skin mucus and the internal secretions of milli-
pedes [18]. The exploration of animal-derived secretions may
offer a promising avenue for developing new treatments for
human diseases and controlling pest insect populations. The

potential of these natural compounds may provide significant
advancements in both medical and agricultural fields.

Millipedes are one of the most diverse and abundant class
within Myriapoda phylum [19]. They are found in several
moist habitats such as forest litter, decaying wood, soil, plant
debris, and compost [20, 21]. Millipedes possess ozopores,
which are defensive gland orifices located laterally along the
body and capable of emitting defensive substances. Chemical
composition varies according to families., and include hydro-
gen cyanide (Polydesmida, Polyzoniida), alkaloids benzoqui-
nones (Julida, Spirobolia, Spirostreptida), terpenoid alkaloids
(Polyzoniida, Siphonocryptida, Siphonophorida), and phenols
(Callipodida, Polydesmida, Julida) [22-24]. Recent studies re-
ported that the millipede secretions possess antiepileptogenic
and anxiolytic properties [18, 25]. In addition, observations
made in the red-fronted lemurs (Eulemur rufifrons) from Mad-
agascar revealed that millipede secretions can serve as self-
medicative purpose against gastrointestinal parasites [26].
Other findings demonstrated that millipede secretions have in-
secticidal and repellent effects on arthropods and other pests
[27, 28].

The use of millipede-derived secretions against arthropods
of medical and agricultural importance is little known in pub-
lic health and pest management control in Africa. Therefore,
this study is an innovative approach using millipede secretions
for malaria vector control. It aimed to analyse the chemical
composition of the extract of millipede and explore its poten-
tial repellent and insecticidal effects on the malaria mosquito
Anopheles gambiae.

2. Materials and Methods

2.1. Sampling and Rearing of Millipedes

Figure 1. Morphology of the spiraled Ophistreptoides sp. collected
at the campus of the University of Yaounde I, Cameroon.

Aduts of giant millipede species Ophistreptoides sp. were
collected from March to August 2023 in the green vegetation
around the campus of the University of Yaounde I (3°51°N,
11°53’E; Altitude 750 m a.s.l.) by direct search. This giant
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millipede species millipede is black-brown in color with yel-
low dorsal stripe on the tergites, and belong to Myriapoda
phylym, Diplopoda class and Spirotreptidaec family [21].
Adult males and females have a length ranging between 110
and 213 mm, and a width ranging between 9.8 and 10.1 mm
(Figure 1). At the laboratory, individuals were reared in small
boxes (19 cm long, 13 cm wide and 9 cm high) and fed twice
a week with 30g of fresh lettuce during 3-week periods before
the extraction of defensive substances.

2.2. Extract Processing

The extraction of defense substances was performed fol-
lowing the modified the protocol of Pesewu et al. (2008) [50].
At the laboratory, this protocol was implemented by macerat-
ing 750g of millipede in 450 mL of solvent (containing 70%
ethanol) for 5 days, and divided within 3 jars containing 250
g of millipede and 150 mL each. The mixture was then filtered
and evaporated using a rotary evaporator at 40°C. The result-
ing extract was preserved in refrigerator at 4°C before impreg-
nation on Whatman paper.

2.3. Biochemical Screening of Hydroethanolic
Extract

The repugnant extract was characterized by biochemical
screening to detect the presence of millipede compounds. It
was carried out using the modified method described by Her-
borne (1973) [30] and Sofowora (1993) [31] at the organic
chemistry laboratory of the University of Yaoundé 1.

2.4. Papers Impregnation

The impregnation of Whatman n°l papers was per-
formed according to the modified protocol of N'Guessan et

e

al. (2007) [31] and Corbel et al. (2017) [32]. Five circular
papers of 11 cm diameter (4 test papers and 1 control paper)
were impregnated each with 1 mL of the solution obtained
by diluting the hydroethanol extract in acetone, using a Pas-
teur pipette. The extracts were diluted to four concentra-
tions (25, 50, 75 and 100 mg/ml). The papers were individ-
ually placed on metal plates covered with spikes, and then
dried in the laboratory for 10 minutes before being wrapped
in aluminum foil and stored in a refrigerator at 4°C until
used for the tests.

2.5. Mosquito Breeding

Behavioral assays were performed on female An. gambiae
originating with the insecticide reference strain “Kisumu”.
This strain was carried out at the OCEAC Medical Entomol-
ogy Laboratory and began with the immersion of the eggs in
rearing tanks containing spring water for hatching. The mos-
quito’s colony was maintained in a climatic room at 27 + 2°C,
with a relative humidity of approximately 80% and with a
photoperiod cycle of 12 h Light: 12 h Dark. One or two days
after soaking, the larvae (L1) obtained were distributed
among the tanks. The water level in the tanks was maintained
at a depth of 5 cm for an average density of 100 larvae to
allow better aeration and uniformity of temperature in the
rearing water. The larvae were fed with vitamin-rich dog bis-
cuit powder (TetraMinBaby®). Two splits of this powder
were added to each rearing tank every two days. The tanks
were covered with mosquito nets to prevent other mosquito
species from laying eggs in the water. Emerged adults were
placed in 25 cm x 25cm x Scm cages and fed with 10% glu-
cose solution (sweet juice). Females used in the bioassays
were from batches of non-blood fed mosquitos ( 3 to 5 days
after emergence).

ch = chamber

1= opening for anopheles release

(l chl '8' ch2 @

2= opening between chambers |
and 2

ch3 .
.> 3= opening between chambers

p—r 2and 3

@ impregnated extract paper

compartment 1 (33Cm)

| compartment 2 (33Cm)

@ control paper

Figure 2. Schematic drawing of a modified repellency test of Grieco et al. (2005) including chambers and compartment legends.

2.6. Repellent Bioassay

The repulsion test followed the modified protocol of Grieco
et al. (2005) [33]. A device with three chambers and two com-
partments (compartment 1 = chamber 1, compartment 2 =

chamber 2+3) with the possibility of communication between
them was taking into account. In one of the end chambers,
Whatman N°1 paper (11 cm in diameter) impregnated with
extract was placed at the bottom of the chamber. Paper im-
pregnated with acetone (control) was placed in the chamber at
the other end. A batch of 60 female mosquitoes was dropped
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into the central chamber between chambers 1 and 3 and al-
lowed to acclimatize for 10 minutes. This experiment was re-
peated four times. Another device (observation device) was
set up in parallel as the previous one, but without impregnated
paper, in order to observe the behaviour and distribution of the
mosquitoes. The number of mosquitoes in each compartment was
then counted every 10 minutes during 1 hour. The results of the
test were based on the number of mosquitoes in each compart-
ment. If the product was repellent, the mosquitoes escaped from
compartment 1 to the second compartment (control) (Figure 2).

2.7. Lethal Bioassay

The mortality of mosquitoes was evaluated according to the
modified WHO protocol [9]. The mosquitoes used were fast-
ing 3-4 days old females of the Kisumu reference strain (4n.
gambiae). WHO cones were used to forcibly contact the mos-
quitoes with the impregnated papers (5 mosquitoes per cone)
at the different concentrations alongside the acetone-based
control. Three batches of different contact times (3, 5 and 10
minutes) were monitored. Each batch consisting of the differ-
ent concentrations tested and their residues. The exposed mos-
quitoes were then transferred to disposable cups covered with
unimpregnated mosquito netting (cotton wool soaked in a 10%
sugar solution was placed on each cup) and observed for 60
minutes to count the number of knockdown mosquitoes (died
insects) 1 hour post exposure. Mortality was then recorded at
24, 48 and 72 hours. The bioassay results were discarded, if
mortality in the control bottle at the end of the test was >10%.
This experiment was repeated ten times.

2.8. Data Analysis

Data from the different tests performed in the laboratory
were recorded in a digital database using Excel version 2016
and expressed as descriptive data analysis. The ANOVA H test
was used for the comparison of repulsion rates. Mean mortal-
ity values of dead mosquitoes in both treated and control as-

says were compared using the H test of Kruskal-Wallis, fol-
lowed by the W test of Wilcoxon for pairwise comparisons
because data conditions were satisfied. Probit-mortality data
were obtained after corrected mosquitoes’ population mortal-
ity [34] and used to determine the lethal concentrations 50%
(LCso) and 95% (LCos) corresponding to the Anopheles gam-
biae populations mortality rates, after 24, 48 and 72 hours of
observations. All inferential analyses were performed using
SPSS 16.0 software and differences were deemed significant
at p<5%.

3. Results

3.1. Biochemical Composition of Extract

Biochemical composition of the extract revealed the pres-
ence of quinones (2-2-methoxy-3-methyl-1,4-benzoquinone
and methyl-1,4,-benzoquinone) and triterpenes. The quinone
concentration represented more than 94% of the total of the
extract compared to triterpene concentration.

3.2. Repellent Effect

The repellent effect of the hydroethanolic extract of milli-
pede increased significantly with concentration (p < 0.001) at
different observation time. The Repellency rate ranged from
57.69 + 11. 46 at 25 mg/mL concentration to 97.54+1.42% at
100 mg/mL concentration (Table 1). At 25 mg/mL, the lowest
concentration induced the highest repellency rate after 10 min
of observation (78.48%) and the lowest repulsion rate after 60
minutes (57.69%). The same trends were observed at 75
mg/mL and 100 mg/mL with highest rate of 93.89 and 97.54%
and lowest rate of 87.32 and 93.70% respectively. In contrast
at 50 mg/mL, the maximum repellency rate (86.79%) was ob-
tained after 20 min and the minimum (82.32%) after 60 min.
Overall, the highest repellency rate were recorded within 10-
20 minutes of exposure, and the lowest as the duration of ex-
posure increased.

Table 1. Repellent activity of hydroethanolic extracts of Ophistreptoides sp. at different concentrations over time.

Times (minutes)

Concentrations P
(mg/mL) P
<10 10 20 30 40 50 60
0 0,0£0,0bA 0,0+0,0dA 0,0£00cA 0,0+£0,0cA 0,0£00cA 0,0+00cA 00+00cA - -
+ + + + +
25 1006008 7848+3.54cA 68,00 £8,28b 71,38 +£3,55 75,64+5,18b 65,00+8,66b 57,69+ 11,46b 1.04 042
A bA A A A
+ + + + + +
50 1004 0,0aB 85,45+3,14bc 86,79 +0,0 ab 85,62 +1,88 85,16 +0,31 ab 82,31 +1,33 82,17 +2,66 ab 0.96 0.46
A aA A ab A A
+ + + + +
75 100+ 0,0aB 93,89 +2,55ab 9231+443a 8827+4,77 91,46+395a 8737+425a 873244222 A 047 0,79

A aA

A A
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Times (minutes)

Concentrations F
(mg/mL) P
<10 10 20 30 40 50 60
+ + + +
100 1004 0,0aB 975441420 OH3 4122 9461£2.13 9643£2.06a 946122132 32 6104 057 071
A aA A A
F (4, 15) - 263,34 86,08 173,79 168,76 74,32 46,32
p - <0,001 <0,001 <0,001 <0,001 <0,001 <0,001

Lowercase and uppercase letters refer to multiple comparisons of means between columns and rows respectively, according to Tukey's test at

the significance level of 5%.

3.3. Knock-down and Insecticidal Effects

The knock-down effect and lethal concentration (LCso and
LCos) of the hydroethanolic extract of millipede on An. gam-
biae adults varied significantly in some cases (p<5%) with

concentration and observation time, except in control bioas-
says where none knock-down effect was observed (Table 2).
The lowest knock-down effect was 8 + 2.49 individuals at 25
mg/mL after 3 min of mosquitoes exposure and the highest
one was 50 = 4.71 at 100 mg/mL after 10 min of insects expo-
sure. The percentage of mosquitoes knocked out increases
with increasing concentration and exposure time (Table 2).

Table 2. Mortality rates of Anopheles mosquitoes at 24, 48, and 72 hours of observation after exposure.

Mortality rate (%)
Concentrations (mg/mL)

24h 48h 72h p F
25 29+6,574aB 44+5416cAB  62+3887cA 0,001 9,342
50 42+4422aB 50+£2,981 bc B 73+4,485bc A <0,0001 16,002
75 47+4955aB 64+5416abA  79+3480bA <0,0001 11,652
100 48 £4422aC 76 £1,633aB 94+1,633aA <0,0001 64,768
P 0,051 <0,0001 <0,0001
F 2,857 11,193 14,240

Lowercase and uppercase letters refer to multiple comparisons of means between columns and rows respectively, according to Tukey's test at

the significance level of 5%.

The mosquitoes’ mortality rates increased significantly
(p<5%) with the duration (24, 48 and 72 hours) of observa-
tions and tested concentrations (25, 50, 75 and 100 mg/mL)
post exposure period of 3, 5 and 10 minutes, except in the con-
trol where none mortality was recorded during the experi-
ments (Table 3). For a given time of mortality observation, the
percentages of mosquitoes’ mortality, after 3 minutes of con-
tact with bioactive substances, were comparable (p>5%) be-
tween the different tested concentrations; in contrast, signifi-
cant differences (p<5%) in mosquitoes’ mortality were ob-
served in function of observation times for each bioactive sub-
stance concentration, values ranged from 26 + 4.52% individ-
uals (lower mosquitoes mortality) at 25 mg/mL in 24h to 69 +
4.58% (highest mosquitoes mortality) at 100 mg/mL in 72h of

observations (Table 3). The similar trend results in mosquitoes’
population mortality, obtained after 3 min exposure, was also
observed after 10 min of their exposure to the different bio-
substance concentrations in 24h, 48h and 72h; but an increas-
ing mortality rate was recorded in the later exposing mosqui-
toes’ population, then mosquitoes’ mortality rates varied be-
tween 41 £+ 7.06% individuals (lower mortality) at 25 mg/mL
in 24h to 94 + 3.26% (highest mortality) at 100 mg/mL in 72h
of observations (Table 3). However, the mosquitoes’ mortality
rates obtained after 5 min of their exposure to test substances
were intermediate to those recorded for both previous expo-
sure times of specimens, and values ranged from 29 + 6.57%
specimens (lower mosquitoes’ mortality) at 25 mg/mL in 24h
to 78 £ 1.63% (highest mosquitoes mortality) at 100 mg/mL
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in 72h of observations (Table 3).

After 3 minutes of contact, the extract tested was more toxic
after 72h of observation (LCsp= 6.99 mg/mL and LCos=
54811.66 mg/mL) with an LCsy below the sub-lethal concen-
tration (25mg/mL) compared to the toxicity obtained after 24h
(LCso= 479.551mg/mL and LCos= 725989.08 mg/mL). After
5 min of contact and 72h of observation, the extract was more
toxic (LCso= 18.09 mg/mL and LCos= 186.44 mg/mL) with an

LCso lower than the sub-lethal concentration (25mg/mL) com-
pared to the toxicity obtained after 24h (LCso= 99.63 mg/mL
and LCos= 8175.24 mg/mL) which has higher concentrations
(Table 3). After 10 minutes of contact the extract tested was
more toxic after 72h (LCso= 6.00 mg/mL and LCos= 1475.73
mg/mL) than that obtained after 24h (LCso=81.23 mg/mL and
LCos= 62993.64 mg/mL).

Table 3. LCso and LCos of hydroethanolic extracts of Ophistreptoides sp. post-exposure on adult Anopheles gambiae s.1.

Observation time R? Slope + ES LCso (IC) LCys (IC) X2

24h 0,161 0,859 + 0,090 99,632 (67,729-462,620) 8175,247 (1018,119-1,552E9)  422,095%%**
48 h 0,484 1,352 + 0,090 37,800 (27,170-46,487) 622,639 (310,301-2884,832) 304,348%***
72h 0,529 1,624 + 0,099 18,094 (9,783-24,770) 186,443 (126,800-405,935) 321,065%**

P = significance level (***p<0.001); R? = coefficient of determination; CI = confidence interval; CL = lethal dose; ES = standard error; > =

chi-square.

40.00

30.00

Mean of kd

20,00

10.00

I I
25.00 50.00

I L]
75.00 100.00

concentrations

Figure 3. Percentage of mosquitoes exhibiting knockdown 1 hour after exposure.

The mortality rate induced by the extract depends on its
concentration and the exposure time of the mosquitoes; it in-
creases with the concentration and exposure time. Of the 4
concentrations tested, none induced 100% mortality. Follow-
ing exposure of adult Anopheles to different concentrations of
the test substance after 3, 5 and 10 minutes of contact with the

test substance, the mean mortality rates of the mosquitoes var-
ied markedly according to the concentrations, i.e. from 26 +
4.52 (25mg/mL) to 38 £ 4.16 (100mg/mL) after 3 minutes of
exposure and 24 hours post-exposure; from 44 + 5.41
(25mg/mL) to 76 + 1.63 (100mg/mL) after 5 minutes‘ expo-
sure and 48h post-exposure and from 64 +4.76 (25mg/mL) to
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78 + 3.26 (100mg/mL) after 10 minutes exposure and 72h
post-exposure (Figure 3).

4. Discussion

In the present study, the biochemical analysis of the hy-
droethanolic extract of the millipede Ophistreptoides sp. (Spi-
rostreptida, Spirostreptidae) revealed a high concentration of
quinones, while terpenoids were present in lower amounts.
The predominant components were benzoquinones, specifi-
cally 2-methoxy-3-methyl-1,4-benzoquinone and methyl-1,4-
benzoquinone, which accounted for over 94% of the total con-
centration of the millipede extract. This finding is consistent
with previous studies that identified the presence of quinones
and their derivatives, such as benzoquinones, hydroquinones,
toluquinones, and toluhydroquinones, within the Spirostrepti-
dae family [22, 35]. However, the chemical structures of the
benzoquinone components found in the extract of the studied
millipede species differed from those commonly shared by
other species within the same family, [36-38]. In addition to
quinones, the biochemical analysis of the extract revealed a
mixture of terpenoid alkaloids. These compounds are gener-
ally found in the orders Polyzoniida, Siphonocryptida, and Si-
phonophorida [22]. The combination of quinones and terpe-
noids is likely reported for the first time in African millipede
species and may be justified by the fact that the composition
of defensive secretions in millipedes can differ between orders
or species [39] and may be significantly influenced by geo-
graphical factors as well as the diet and the method of extrac-
tion use [40].

Quinones, including benzoquinones and hydroquinones,
are not exclusive to the Spirostreptidae family and the Spi-
rostreptida order. Numerous studies highlighted the presence
of these compounds in other diplopod families, such as Spi-
robolidae, Rhinocricidae, and Harpagophoridae [22, 24, 41,
42]. Benzoquinones are known for their potential repellent
properties, lethal agents against many invertebrates and for
their irritant effects on vertebrates [18, 29]. Additionally, var-
ious other chemical compounds with pest management appli-
cations have been identified in different millipede families, in-
cluding hydrogen cyanide (HCN), ketones, phenols, benzal-
dehyde, benzoylnitrile, formic acid, and acetic acid in Pol-
ydesmidae [39] (Makarov et al., 2010), as well as ni-
troethylbenzene in Pyrgodesmidae [43] and polyzonimine, ni-
tropolyzonamine, spiropyrrolizidine oximine, and buzona-
mine in Hirudisomatidae and Polyzoniidae families [44-46].
In medicine and zoopharmacology, specific millipede-derived
compounds have been shown to attenuate the development of
seizures, anxiety-like behaviour, and prevent neuronal death
in the hippocampus and amygdala regions, suggesting a po-
tential pathway for developing new antiepileptic drugs [25].

Our results also demonstrated that all four tested concentra-
tions repelled at least 50% of adult mosquitoes and induced at
least 49% mortality. The repellent effect of a product can be
attributed to its action on the nervous system of the target host

via the insect's tarsi or antennae [47]. We observed an increase
in both the repellent effect and mortality with increasing con-
centration and observation time. For toxic products, greater
damage (KD effect and mortality) is caused by higher concen-
trations. However, our study also revealed progressive mortal-
ity over time, which could be explained by the kinetics of the
molecules present in the extract (slow-acting, cumulative ef-
fect). This is primarily attributed to the quinones present in the
extract of the studied millipedes. In fact, this millipede relies
on the potent repellent odor of benzoquinone components,
which induces erratic behaviour in mosquitoes as they attempt
to escape the odor emanating from the chamber containing the
tested concentrations. This repellent odor can also be detected
by humans when handling these species during experimenta-
tion. The repellent effect of benzoquinones has been reported
in several insects, including the American cockroach (Peri-
planeta americana), where diplopod extracts exhibit irritant
effects [48]. Primates, such as capuchin monkeys (Cebus oli-
vaceus) and black lemurs (Eulemur macaco), use benzoqui-
none-derived secretions from millipedes for self-cleaning.
This behaviour involves chewing on millipedes, which release
a substance that is then rubbed onto their skin and fur. This
mixture, composed of saliva and millipede secretions, may
possess repellent or irritant properties, providing protection
against mosquito bites and other predators [49].

The extract of millipede Ophistreptoides sp. demonstrated
adulticidal effects on mosquitoes. The toxic effects were pro-
gressive and increased significantly with observation time. In-
deed, the highest mortality rate of 94% was observed after 72
hours at a concentration of 100 mg/mL. The presence of ter-
penoids within the extract likely might contribute to the lethal
effects observed on An. gambiae. Indeed, terpenes exert neu-
rotoxic actions by inhibiting the activity of acetylcholinester-
ase, leading to an accumulation of acetylcholine in the central
nervous system and at nerve endings, which causes behav-
ioural disturbances and ultimately results in the death of the
insect [50]. These compounds have also been shown to induce
cholinesterase inhibition in domestic flies (Musca domestica
Linné, 1758) [48].

5. Conclusion

Our study explored the use of millepede-derived secretions
in pest management strategies. It analyzed the biochemical
composition of the hydroethanolic extract of the giant milli-
pede Ophistreptoides sp. and tested its potential effects as re-
pellent and its toxicity against mosquitoes, 4An. gambiae, the
main malaria of vector in sub-Saharan Africa. Although, mil-
lipede secretions are used for their survival against predators,
they contain chemical compounds such as benzoquinones and
triterpenes that hold potential for application in pest manage-
ment control. These compounds exhibit repellent and lethal
effects against An. gambiae populations and may provide new
insight into to search of new compounds or alternative vector
strategies to mitigate the impact of resistance, and reduce the
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malaria transmission rate, as well as several vectors borne dis-
eases (dengue and chikungunya). Further studies in chemical
ecology are need to identify the specific compounds of benzo-
quinones or terpenes, and the combination effects of both
compounds in controlling mosquitoes’ population of An. gam-
biaie.
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