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Abstract

For decades, pest control has been confronted with the double resistance of vectors to usual insecticides
and of parasites to conventional molecules. The search for new natural molecules is therefore a necessity.
The present study aimed to evaluate the insecticidal and anti-plasmodial potential of essential oils from
the leaves of 10 species of plants belonging to the Myrtaceae family (Syzygium aromaticum, Psidium
littorale, Eucalyptus globulus, Eugenia uniflora and Callistemon rigidus), Verbenaceae (Lippia adoensis
and Lantana camara) and Cupressaceae (Cupressus sempervirens, Cupressus macrocarpa and
Cupressus lusitanica). The essential oils were extracted by steam distillation using a Clevenger-type
apparatus. Their chemical composition was determined by GC-MS. Insecticidal tests were performed
according to the WHO protocol and the in vitro anti-plasmodial activity of these essential oils was
evaluated by the radioisotope method. Except for S. aromaticum and E. uniflora, the essential oils of the
plants studied yielded higher content in monoterpenes (49.01% to 100%) than in sesquiterpenes (0% to
49.82%). At 50 ppm, laboratory adults of A. gambiae (tkdes = 10.32mn) and those of A. gambiae s.I.
(tkdes=7.9 min) were more sensitive to the essential oils of S. aromaticum and L. adoensis respectively.
Mature larvae of A. gambiae S.I. (LC95=35.4 ppm) and laboratory larvae of A. gambiae (LCe5=35.4ppm)
were more sensitive to E. uniflora oil. In addition, the essential oils studied had shown in vitro
antiplasmodial activity against Plasmodium falciparum. E. globulus (ICso = 12.13 ppm) and L. camara
(ICs0 = 12.34 ppm) appeared to be the most active. These oils can be used as a basis for the development
of new biocides and natural antimalarials.
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Introduction

Parasitic infections remain one of the major public health problems for many countries at the
beginning of this 21st century. This is the case of malaria, whose pathogen, Plasmodium, is
responsible for 300 to 500 million cases and Kills 2 to 3 million people per year, mainly
children under 5 years of age, in tropical and subtropical regions of the world . In Cameroon,
the disease is one of the leading causes of death 2. Globally, African countries supported by
development partners are implementing a diversity of solutions to deal with this disease. The
actions carried out range mainly from preventive measures to the rapid management of
patients based on early diagnosis and the accessibility and administration of drugs. The
implementation of these measures has led to more or less encouraging results. Current data
indicate a relative decline in malaria prevalence over the past decade, though with some
disparities across regions Bl This situation is believed to be inherent to, among other things, a
poor compliance to existing preventive and curative measures, and especially to the emergence
of dual resistance of plasmodial strains and their vectors to antimalarials and conventional
insecticides respectively . Resistant strains of Plasmodium and their vectors are on the rise in
sub-Saharan Africa [ & 71, Moreover, the conventional molecules generally used have many
limitations: environmental pollution, significant side effects, intoxication of non-target animal
populations & % 19, In this context, the search for natural molecules with effective biological
properties is a necessity.
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Plants from the Cameroonian flora have been an extensive
source of new molecules for thousands of years, which simply
need to be explored. To date, many studies highlighting the
biological activity of plant species from Cameroonian flora
have been carried out 1. 2. 13.14.151 From the results obtained,
it appears that the biological activities of plants are boosted
when they are used in the form of essential oils [ 171, Volatile
essences are endowed with several functional groups and have
the ability to diffuse easily through cell membranes 181, They
are therefore recognised as having a broad spectrum of
antibacterial 19, antifungal 2% 2, antiparasitic 2> 2> 4 and
insecticidal activities (24 25 141,

Callistemon rigidus, Eugenia uniflora, Psidium littorale,
Syzydium aromaticum (Myrtaceae), Lantana camara, Lippia
adoensis (Verbenaceae), Cupressus macrocarpa, Cupressus
sempervirens Cupressus lusitanica (Cupressaceae) are plants
of the Cameroonian flora traditionally used by the populations
as insect repellent and in the treatment of many diseases such
as amoebic dysentery, malaria, cancer and bacterial infections
126, 27. 28] The traditional use of these plants probably makes
them potential reservoirs of active molecules. This hypothesis
has never been verified in the existing scientific literature.
With this in mind, the present study proposes to evaluate the
insecticidal and antiplasmodial potentials of the essential oils
of the above listed plants.

Materials and Methods

Plant material

Ten (10) plant species belonging to 3 botanical families were
selected because of their traditional use as insect repellents
and in the treatment of malaria in most localities of the
Littoral and West Regions of Cameroon. The basic
information on the plants used, quantities, harvest period and
their essential oils yield are presented in Table I.

Essential oils extraction

The fresh leaves of each plant species were washed with
spring water, cut into small units and then subjected to
hydrodistillation for 5 hours using a Clevenger-type
apparatus. The essential oil collected by decantation at the end
of the distillation was filtered on an anhydrous sodium
sulphate column to eliminate any residual water and then
introduced into dark glass bottles that were hermetically
sealed. The whole was kept in a refrigerator at a temperature
of 4 °C.

Chemical characterisation of the essential oils

Chemical analysis of the essential oils was performed using a
Varian CP-3380 chromatograph equipped with a flame
ionisation detector and a capillary column (length 30 m,
internal diameter 0.25 mm) with an apolar methylsilicone
stationary phase (DB-1, film thickness 0.25 ). Nitrogen was
used as carrier gas with a flow rate of 0.8 ml.min-1. The
injector temperature is 220 °C; the detector was set at 250 °C.
The oven is programmed from 50 °C to 200 °C with a
temperature gradient of 5 °C.min-1. The retention indices of
the different constituents were calculated in relation to the
retention times of a series of n-alkanes and their relative
percentages calculated by electronic integration considering
that their response factors were all equal to 1 21,

The gas chromatography-mass spectrometry coupling was
carried out using a Hewlett Packard HP 5970 A apparatus,
equipped with an apolar capillary column (30 m x 0.25 mm)
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made of fused silica of the HP-1 type (film thickness 0.25 p)
and a quadrupole detector (ionisation energy 70 eV). The
injector temperature was 220 °C and the interface zone
temperature was 210 °C. Injection in split mode (1/100) of 1
pl of a 10% solution of essential oil in dichloromethane. The
oven temperature was programmed from 70 °C to 200 °C with
a gradient of 10 °C.min-1. The carrier gas was helium with a
flow rate of 0.6 ml.min-1. The acquisition was carried out in
scan mode [35-300 amu] at 2.96 scan.sec-1 [2°1,

The identification of the constituents of the essential oils was
done on the basis of their retention indices and mass spectra
by comparison with data from the literature [2% 251,

Collection and rearing of Anopheles gambiae s.1. larvae
Larval populations of Anopheles were collected in natural
sites (pits, cesspools and truck tyre tracks, puddles) following
the Dipping method %, from May to July 2019 at a rate of
five consecutive days per month in the Youpwe district
(Douala). The larvae were reared in the insectarium of the
entomology unit of the University of Douala. Thus, they were
introduced into basins (30 x 20 x 10cm). The larval density
used was 100 larvae per 100 cl of spring water. These larvae
were fed with a protein and mineral rich powder, Tetrababy
fish food 4, diluted in a small quantity of water and poured
into the rearing tanks. The rearing water was renewed every
three days to avoid death by asphyxia of the larvae due to
decomposition of the food. The pupae from this rearing were
introduced into the cages wrapped with mosquito net until
they emerged. The adults obtained were identified
morphologically using the Anopheles identification keys (2
%1, The morphological identification carried out on
individuals of the Anopheles gambiae complex allowed the
breeding to be continued only with individuals of the species
Anopheles gambiae s.I. The blood meal required for the
maturation of the oocytes laid by the females was taken from
a rabbit held immobile and placed prone on a board one meter
long and 25 cm width with a hole in the centre. After one or
more eggs had been laid, they were transferred to the closed
petri dishes and kept there for 2 days to complete their
maturation. After hatching, the larvae obtained were fed with
tetrababy fish food according to Desfontaines et al. (1991) [
until the adult stage. The adults obtained were subjected to
biological tests. The Kisumu strain (Anopheles gambiae)
reared under similar conditions served as a control.

Plasmodium falciparum culture

The strain used was the chloroquine resistant FcB1/Colombia
strain. This strain was maintained on human red blood cells in
RPMI 1640 medium, containing 25 mM HEPES, pH 7.3, 2
g/L sodium bicarbonate, 2 g/L glucose, penicillin and
streptomycin B4, The medium was supplemented with 10%
heat-activated human serum. The red blood cells and serum
used were from the “Etablissement Frangais du Sang”. The
culture was performed with a haematocrit of 2% and a
parasitaemia of 0.5 to 1%. The culture medium was changed
once a day. A Giemsa-stained blood smear was taken daily to
monitor parasitaemia.

Assessment of biological activities of essential oils
Larvicidal activities against Anopheles gambiae s.1.

The related tests consisted in evaluating the mortality of
immature (L1 and L2) and mature (L3 and L4) stages of
Anopheles in the presence of diluted solutions of essential oils
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following a methodology inspired by the World Health
Organization protocol 3, Indeed, 20 larvae were collected
using a Pasteur pipette and placed in 8 cm diameter bowls
each containing 99 ml of well water to which 1 ml of diluted
test solution was added. Preliminary experiments were used to
select a range of concentrations for the actual tests. For this
purpose, stock solutions of essential oils of each sample were
prepared in 70° ethanol. From these, dilutions were made to
obtain final experimental concentrations of 50, 100 and 150
ppm. Three replicates were made for each dilution. Two
control bowls were also set up under the same conditions as
the test bowls. The negative control contained only ethanol (in
the same proportions as for the tests, i.e. 1%) without any
trace of essential oil. Larvae were counted every 5 minutes for
1 hour, then every hour for 10 hours and finally after 24 hours
of exposure to the volatile extracts solubilised in water.

Adulticidal activities against Anopheles gambiae s.1.

The methodology used was inspired by the WHO protocol for
sensitivity testing in cylindrical tubes B8, It consists of
exposing mosquitoes to discriminatory doses of insecticides
on impregnated paper; assessing the time required to knock
down 50% and 95% of the mosquitoes (tkd50 from the
prepared essential oil solutions), and then determining the
mortality of the mosquitoes after 24 hours. Preliminary
experiments had allowed the selection of a range of essential
oil concentrations for the actual tests by diluting the raw
essential oils in acetone (organic solvent). The following
experimental concentrations were obtained: 150 ppm, 100
ppm, 50 ppm. 2500 microlitres of each essential oil solution
was prepared in a test tube and then transferred to a glass petri
dish. A Wattman paper was inserted for impregnation,
removed and spread on a bench for drying for 03 to 05
minutes. The dry Wattman paper was then threaded into an
exposure tube.

Thus, 20 to 25 previously identified non-gorging adult
females of A. gambiae s.l. of 2-5 days of age were introduced
into an observation tube lined with paper not impregnated
with essential oil. After one hour of observation, the
mosquitoes were transferred to an exposure tube lined with
Wattman No. 1 paper (12x15 cm?) impregnated with diluted
essential oil. Knocked-down mosquitoes were counted at
regular 5-minute intervals for one hour. At the end of the
exposure period (60 minutes), the mosquitoes were
transferred back to the observation tube. A swab soaked in a
10% sugar solution was placed over the observation tube and
mortality was determined after 24 hours of observation. For
each defined concentration of essential oil, 3 sets of 20-25
mosquitoes were prepared. A set of 20-25 mosquitoes
exposed only to acetone was the control. Mortality rates were
interpreted according to the criteria proposed by the WHO [61,

In vitro anti-plasmodial activity

The in vitro anti-plasmodial activity of essential oils was
assessed by the radioisotopic method [F7. This method
determines the inhibition of parasite growth in culture in the
presence of various concentrations of molecules by measuring
the incorporation of [3H] tritiated hypoxanthine into the
nucleic acids of the parasites. The tests were performed in 96-
well plates [3],

Each essential oil sample was prepared in culture medium and
then added to asynchronous parasite cultures (1%
parasitaemia, 1% final haematocrit, 200 pL final volume per
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well). The contact time between the parasite culture and the
essential oil sample was 24 hours. Subsequently, 0.5 puCi of
[3H] hypoxanthine (1-5 Ci/mmol; Amersham, Les Ulis,
France) was added per well. The plates were then incubated at
37°C under a humid atmosphere containing 5% CO2 and then
frozen at (-80°C). After thawing the plates, the contents of the
wells were collected on glass fibre filters (Wallac®, USA)
using a cell collector (Filter Harvester, USA). After the
addition of scintillation fluid (Perkin Elmer®, USA), the
radioactivity (counts per minute) was measured with a
spectrophotometer  (450-Microbeta  Trilux, USA). The
inhibition of parasite growth induced by each concentration of
essential oil was determined by comparing the radioactivity
incorporated in the treated culture with that of the control
culture (without oil). The sensitivity of the chloroquine-
resistant strain FcB1/Colombia to the different essential oils
was assessed according to their IC50 values (g/Ml) as follows:
IC50< 10 (strong); 10 < IC50 < 50 (Medium, moderate); >50
< IC50 < 100 (weak); IC50 >100 (inactive) (%,

Data analysis for bioassay

Analyses were performed by using the statistical software
SPSS version 19.0. Chi-square statistics was used to compare
the mortality rate of larvae. Differences were considered
statistically significant at P < 0.05. The Henry simplified table
that transforms the percentages of larval mortality into probit
was used to determine the lethal concentration required to kill
50% (LC95) of larvae. The WINDL software, version 2.0 was
used to calculate Kdt 50 and Kdt 95.

Results and Discussion

Chemical composition of essential oils

The chemical compositions and yields vary from one essential
oil to another (Tables 1, 2 and 3). The yields vary from 0.07%
for the species Lantana camara to 2.01% for Syzygium
aromaticum. This variation is thought to be related to the
plant organ from which the oil is extracted, the nature of the
soil, the time of collection, and the time required for
extraction 1% 21, Probst (2012) U and Tchoumbougnang et
al. (2005) 2 have also shown that several other factors can
influence plant performance, such as the developmental phase
of the plant, the pollination cycle, seasonal variations and the
pathophysiological condition of the plant.

Syzygium aromaticum

The analysis of the chemical composition of the essential oil
of Syzygium aromaticum shows that eugenol is the major
constituent (90.25%). The essential oils of Syzygium
aromaticum samples from Indonesia (75.04%) and
Madagascar (83.58%) also showed a high proportion of
eugenol 2 41 There is a similar evidence from the study
conducted by Bhuiyan et al. (2010) 4 who reported eugenol
(74.3%) as the majority compound. From the above, it should
be suggested that eugenol is the characteristic molecule of the
essential oil of Syzygium aromaticum.

Lippia adoensis

The chemical composition of the Lippia adoensis essential oil
sample corroborates that obtained in Céte d'lvoire by Soro et
al. (2015) I with respect to the main compound. Indeed,
during their work, the essential oil sample of Lippia adoensis
from the forest area of Céte d'lvoire showed a high content of
geranial (29.1%) and neral (21.9%). However, contradictory
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results have been recorded 6 47481, The latter showed that the
essential oil of Lippia adoensis originating from certain areas
of Céte d'lIvoire and Nigeria had a high content of oxygenated
monoterpenic compounds dominated by 1,8-cineole and
eucalyptol respectively.

Cupressus macrocarpa

The essential oil of Cupressus macrocarpa was dominated by
a-pinene (20.78%). Similar results were obtained with
samples from Argentina and Greece % 50 51, Fyrthermore, it
should be noted that a-pinene has been reported as a majority
compound in essential oils of other species of the genus
Cupressus; namely Cupressus arizonica from Tunisia,
Cupressus atlantica from Morocco and Cupressus
sempervirens from Algeria 52 53, From the above, it should
be suggested that a-pinene is the characteristic molecule of
Cupressus essential oils, although conflicting results showed
that some samples of Cupressus macrocarpa from Egypt had

neral (35%) and a-terpineol (19.01%) as majority compounds
[54, 55]

Lantana camara

B-caryophyllene (20.37%) was the main compound in the
essential oil of Lantana camara. Some works have shown
some variability in the chemical composition of this plant
species depending on the collection site with B-caryophyllene
(9.8%) as the main compound for the sample from Egypt
(E)-nerolidol (16.6%) for the sample from Cuba [°71; davanone
(44.4%) for the sample from Nepal 8, sabinene (16.9%) for
the sample from Yemen 58],

Psidium littorale

Psidium littorale is predominantly composed of 1,8-cineole
(eucalyptol) (39.55%). Although this result corroborates those
recorded by Scur et al. (2016) [ and Marques et al. (2008)
(601 jt contrasts with the result recorded by Soliman et al.
(2016) 51 and Adam et al. (2011) ¢2. The latter showed that
B-caryophyllene was the majority compound in samples of
Psidium littorale from Egypt and French Polynesia.

Cupressus lusitanica

The essential oil of Cupressus lusitanica leaves obtained in
our results contains Sabinene (20.86%) as the main
compound, followed by terpinen-4-ol (16.87%), and o -pinene
(13.27%). Sabinene and a -pinene were also found among the
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main compounds in the essential oil of the leaves of samples
of the same plant species from Portugal 3. However, our
results are in contrast to those obtained with some
Cameroonian samples of C. lusitanica by Kuiaté et al. (2006)
641 and Teke et al. (2013) %, In these samples, molecules
such as umbellulone, a-pinene, germacrene D, epi-zonarene
were predominant.

Cupressus sempervirens

The essential oil sample of Cupressus sempervirens is
dominated by a-pinene (12.28%). This result corroborates
those obtained by [ % 671 Athanassios et al. (2013), Jahani et
al. (2019), Nacira and Yousra (2017) respectively with the
samples originating from Greece, Iran and Algeria.

Eucalyptus globulus

The essential oil of Eucalyptus globulus is monoterpene-
dominant with a -Pinene (35.84%) being the main compound,
followed by eucalyptol. These results are contradictory to
previous work conducted on samples from Brazil, Argentina
and Ethiopia [¢8 6% 70, The latter found Eucalyptol as the main
compound of Eucalyptus globulus essential oil in their
respective countries. However, although Eucalyptol is
positioned as the second main compound in our sample, it
should be suggested that this molecule is characteristic of all
Eucalyptus globulus samples.

Callistemon rigidus

The essential oil of Callistemon rigidus is predominantly
composed of oxygenated monoterpenic compounds (85.03%),
of which eucalyptol (77.47%) is the majority compound.
Eucalyptol was also found in the majority of the essential oil
in the leaves of samples of the same plant species from
Cameroon and China "% 721,

Eugenia uniflora

The essential oil of Eugenia uniflora leaves obtained in our
results contains Eugenol (37.65%) as the main compound,
followed by Germazone (21.66%). However, this chemical
composition contrasts with those determined from Brazilian
samples by Gallucci et al. (2011); Klinger et al. (2013);
Sviech et al. (2018) ['® 7 751 with respect to the majority
compounds found and reflects a high variability in the
chemical composition of the essential oil of the leaves of this
plant species within the same country.

Table 1: Data on essential oils from the leaves of the collected plants

Plant | collection | Essential oil
Family Species Organ | Mass(g) Location Date Colour Mass (g) | Yield (%)
Myrtaceae Eugenia uniflora leaves | 2,400 Douala 17.11.2018 Jaune 6.6 0.28
Myrtaceae Psidium littorale leaves | 4,100 Douala 26.09.2018 Yellow 9.5 0.118
Myrtaceae Callistemom rigidus leaves | 2,200 Douala 12.08.2018 Yellow 20.95 0.952
Myrtaceae Syzygium aromaticum | leaves | 3,400 Penja 19.01.2019 | Milky white | 68.34 2.01
Myrtaceae Eucalyptus globulus leaves | 6,800 Douala 01.10.2018 Yellow 20.35 0.299
Verbenaceae Lippia adoensis leaves | 3,500 Douala 15.08.2018 Yellow 17.05 0.48
Verbenaceae Lantana camara leaves | 3,900 Douala 24.09.2018 Yellow 1.65 0.076
Cupressaceae Cupressus lusitanica leaves | 2,500 Douala 01.10.2018 Yellow 16.9 0.676
Cupressus
Cupressaceae sempervirens leaves | 3,800 Douala 18.09.2018 Yellow 9.65 0.254
Cupressaceae | Cupressus macrocarpa | leaves | 2,200 Douala 18.09.2018 Yellow 14.8 0.673
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Table 2: Chemical composition of essential oils of Psidium littorale, Eugenia uniflora, Eucalyptus globulus, Syzygium aromaticum and
Callistemon rigidus

Family Myrtaceae %
Essential oils composition
Compounds P. littorale | E. uniflora |E. globulus|S. aromaticum rig(i:dus
Monoterpenes 50.27 4.02 90.72 100
Hydrocarbon monoterpenes 7.27 3.45 65.24 - 14.97
a-thujene 4.36 - - - -
Sabinene 1.37 - - -
o -Pinene - 0.63 35.84 - 14.11
Camphene - - 1.75 - -
B-pinéne 0.32 0.86 0.36 - 0.86
Myrcene 0.41 - - - -
P-Cymene - - 19 - -
Limonene - 0.24 3.99 - -
a-phellandréne 0.81 - - - -
a —Ocimene - 1.45 - - -
y—Terpinene - 0.27 3.67 -
Terpinolene - - 0.63 - -
Oxygenated monoterpenes 43.00 0.57 25.48 - 85.03
1,8-Cineole (eucalyptol) 39.55 - 7.6 - 77.47
Linalol - 0.21 - - 0.59
Carvacrol - 0.36 - - -
Fenchyl-Alcool - - 1.25 - -
Camphor - - 0.85 - -
Pinocarveol - - 0.71 - -
Isopinocarveol - - - - 0.55
Borneol - - 3.02 - -
Terpineol-4 - - 1.3 - -
o —Terpineol - - 5.76 - 6.42
cis-Menth-2-en-1-ol 0.68 - - - -
Terpineol <5-> 1.17 - - - -
Cinnamaldehyde <(E)'> 0.15 - - - -
3-Cyclohexene-1-methanol, 5-hydroxy-2,3,4-trimethy!| - - 0.7 - -
Methyl geranate 0.48 - - - -
6-1sobutyryl-2,2,4,4-tetramethylcyclohexane-1,3,5-trione - - 1.67 - -
2,2,4,4-Tetramethyl-6-(2-methylbutanoyl)cyclohexane-1,3,5-trione - - 2.62 - -
Neryl acetate 0.97 - - - -
Sesquiterpenes 47.66 54.86 2.95 9.75
Hydrocarbon sesquiterpenes 20.46 24.38 0.48 7.92 -
o —Copaéne 5.62 - - - -
m-Cymene - 0.45 - -
a —Caryophyllene 0.72 3.95 - - -
B-Caryophyllene 0.69 0.32 0.48 - -
3-Copaene 2.63 - - - -
(+)-Aromandrene 0.28 - - - -
a-humuléne 0.28 - - 7.09
A-Elemene - 0.42 - - -
B-Elemene - 2.56 - - -
Epizonarene - 0.36 - - -
a-selinéne 1.39 - - - -
Trans-f-guaiene 0.7 - - -
B-bisaboléne 1.17 - - -
y-Cadinéne 2.35 - - -
Nookaténe 1.06 - - - -
3-Cadinéene 0.46 - - - -
9-Epi-B-Caryophyllene - 0.58 - - -
D-germacrene 0.68 1.83 - 0.83 -
a —Selinene - 0.51 - - -
B-Selinene - 0.85 - - -
a-calacorene 0.21 - - - -
y-Elemene - 6.06 - - -
A-Cadinene - 0.56 - - -
a —Gurgujene - 0.57 - - -
Selina-3,7(11)-diene 0.73 - - - -
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Germacrene B - 5.36 - - -
trans-Cadina-1,4-diene 1.49 - - - -
Oxygenated sesquiterpenes 27.20 30.48 2.47 1.83 -
Cubebol 2.94 0.56 - - -
Isoaromadendrene epoxide - - - 1.49
(E)-Nerolidol 1.96 - - - -
Spathulenol - 1.56 0.95 - -
Oxyde de caryophylléne 0.31 - - - -
(-)-Globulol - 1.97 0.82 - -
Cubenol-1-epi 0.46 - - - -
a-Farnesol - - 0.34 -
Viridiflorol - 1.28 0.7 - -
Cubenol 1.52 - - - -
a-Muurolol 0.88 - - - -
Muurolol - 0.38 - - -
Neointermedeol - 0.67 - - -
a-Cadinol 0.81 - - - -
Germacrone - 1.18 - - -
(E,E)-Farnesol 0.38 - - - -
Rosifoliol - 0.29 - - -
epi-p-Bisabolol 2.87 - - - -
Germazone - 21.66 - - -
a-Bisabolol 8.56 - - - -
Shyobunol 2.43 - - - -
(E)-Nerolidol acetate 1.18 - - - -
(2Z,6E)-Farnesol 2.21 - - - -
Perhydrocyclopropa[E]Azulene-4,5,6-Triol, 1,1,4,6-Tetramethyl - 0.93 - - -
(E,E)-Farnesy! acetate 0.69 - - - -
Aromatic coumpound - 37.65 - 90.25 -
Eugenol - 37.65 - 90.25 -
Others - 2.16 6.32 -
Isobutyric acid, isobuty| ester 0.73
Cyclobutaneacetonitrile, 1-Methyl-2-(1-Methylethenyl)- - 0.59 - - -
Methyl 10,13-octadecadiynoate
3,6-Dimethyl-4H-Furo[3,2-C]Pyran-4-One - 0.3 - - -
Phthalic acid, 3,5-dimethylphenyl 2-pentyl este - 0.2 - - -
Isoamyl butyrate - - 0.53 - -
Cyclopropa[C,D]Pentalene-1,3-Dione, Hexahydro-4-(2-Methy|-2- ) 085 ) ) )
Propenyl)-2,2,4-Trimethyl '
Ingol 12-Acetate - 0.42 - - -
Dihydroxanthin - - 0.93 - -
1,5-Cyclooctadiene, 3,4,7,8-tetrakis(1-methylethylidene)- - - 0.51 - -
Cyclohexanecarboxaldehyde, 6-methyl-3-(1-methylethyl)-2-oxo-1-(3- ) ) 303 ) )
oxobutyl)- )
Ethy| 2-(5-methyl-5-vinyltetrahydrofuran-2-yl)propan-2-yl carbonate - - 0.59 - -

Table 3: Chemical composition of essential oils of Cupressus sempervirens, Cupressus lusitanica, Cupressus macrocarpa, Lippia adoensis and
Lantana camara

Family Cupressaceae % Verbenaceae %
Compounds C, . C. lusitanica| C. L'pp"’% Lantana
sempervirens macrocarpa |adoensis| camara
Monoterpenes 70.83 94.87 83.59 85.83 49.01
Hydrocarbon monoterpenes 47.17 66.62 59.2 4.15 30.27
o —Thujene 1.43 3.59 1.51 - 0.52
o —Pinene 12.28 13.27 20.78 - 3.9
a-Sabinene 6.77 20.86 - - -
Camphene - - 0.45 - 1.46
B-Pinene 0.86 4.2 8.81 3.14 17.99
Myrcene 2.56 - 3.64 1.00 1.93
5-3-caréne 4.14 - 4.97 - 1.50
a-Terpinene 1.95 5.1 - - 0.28
d-terpinene - - 2.95 - -
P-cymeéne - - 0.95 - -
cis-B-ocimene - - - - 0.89
trans-B-ocimene - - - - 0.56
Terpinoléne - - 3.38 - 0.48
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a-phellandrene - - - - 0.18
0-Cymene 2.39 4.07 - - -
Limonene 9.24 4.98 9.96 - -

y -Terpinene 2.39 7.52 - - 0.58

(E)-B-Terpinolene 3.16 3.03 - -

Oxygenated monoterpenes 23.66 28.25 24.39 81.68 18.74
Isocineole - 0.33 - - -

Linalool 3.55 0.86 4 0.38 14.68
trans-thujanol - 0.47 - - -
Thujone - 0.28 - - -
trans-Menth-2-en-1-ol - 0.93 - - -
cis-p-menth-2-en-1-ol - 0.71 2.56 - -

Cis-B-terpineol - - 0.27 - -

Borneol - - - 0.47 -
Trans-B-terpineol - - 0.44 - -
3-cyclohexen-1-ol - - - 1.12 -

Citronelol - - - 2.77 -
myrtenyl methyl ether - 0.36 - - -
Neral - - - 24.74 -
Camphor 0.42 2.42 - - -

Geraniol - - - 19.05

Geranial - - - 33.15 -

Borny| acetate 0.42 0.52 0.13 - -

Umbellunone 8.24 - - - -
Terpinen-4-ol 6.42 16.87 9.21 - 0.76
2-cis-dihydro acétate de tepinyl - - 0.2 - -
a-Terpineol 0.97 1.37 6.01 - -
Déca-(2E,4E)-dien-1-ol - - 0.18 - -
Linalyl Isovalerate 0.68 - - - -
Piperitone 0.26 - 0.56 - -
p-Cymen-8-ol - 0.34 - - -
cis-Piperitol - 0.31 0.83 -
trans-Piperitol - 0.49 - -
cis-Linalool oxide 0.27 - - - -
neo-dihydro carveol - - - - 1.35
Lilac aldehyde D - - - - 1.06
Methy| salicylate - - - - 0.89

Piperityl acetate - 1.09 - - -

o -Terpiny| acetate 2.43 0.6 - - -
Bornyl formate - 0.3 - - -
Sesquiterpenes 22.60 0.0 16.25 14.17 49.82

Hydrocarbon sesquiterpenes 15.74 0.0 8.93 14.17 40.11
a —Copaene 0.31 - - - -
o —Cedrene 0.31 - - - -
a-Cubebene - - 2.18 - -

Cyclosativene - - 0.13 - 1.32

B-Bourbonene - - - 1.13 0.57

cis-thujopsene - - - 3.59 -

o —Caryophylene 0.59 - - - -
Cadina-3,5-diene 0.39 - - - -
cis-Muurola-4(15),5-diene 2.31 - - - -
Eleméne - - - - 0.85
B-Caryophyllene - - - - 20.37
R-Copaene - - 0.46 - -
D-germacrene - - - - 8.79
a-humulene - - 0.57 6.38 -
a-Selinene - - - 3.07 -
Bicyclogermacrene - - - - 2.22
cis-Muurola-4(15),5-diene 1.33 - - - -
G-muuroléne - - 1.59 - -
D-germacréne - - 0.51 - -

o —germacrene - - 1.61 - 4.70
a-Curcumene 2.13 - - - -
Zonarene 2.17 - - - -

a-calacorene - - - - 0.21
¢-Muurolene 1.94 - - - -

5-Cadinéne 4.01 - 1.72 - 0.28
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7-Hydroxyfarnesene - - - - 0.80
a-Cadinéne - - 0.16 - -
o —Amorphene 0.25 - - - -
Oxygenated sesquiterpenes 6.86 - 7.32 - 9.71
Piperityl acetate 0.38 - - - -
Caryophyllene Oxide 0.43 - - - -
Cedrol 0.73 - - - -
Tau,-Cadinol 1.9 - - - -
Muurolol 1.62 - - - -
a-Bisabolol 1.01 - - - -
p-cymenol 0.79 - - - -
10-epi-Cubebol - - 7 -
Longipinanol - - - - 3.65
Viridiflorol - - - - 0.23
Fokienol - - - - 0.28
B-atlantol - - - - 0.59
1,10-di-epi-Cubenol - 0.48 - -
Eremoligenol - - - - 0.67
Humuléne époxyde | - - 1.1 - -
a-Cadinol - - 1.25 - 247
y-Eudesmol - - 1.11 - -
14-Hydroxy-9-epi-(E)-caryophyllene - - - - 1.61
a-Eudesmol - - 0.68 - -
(E)-Nerolidol acetate - - - - 0.21
Aromatic compounds - 1.61 - - -
1-(2-pyridyl)piperazine - 1.24 - - -
benzyl ether - 0.37 - - -
Non-terpenic oxygenated compound - - - - 0.29
2-Methylbutyl 2-methylbutyrate - - - - 0.29
Others 6.61 35 - - -
1H-Imidazole, 4-(2-propenyl)- 0.45 - - - -
Carbonic acid, hepty! viny! ester 2.47
9-Cyclohexylbicyclo (3.3.1)nonan-9-ol 0.44 - - - -
5-Methyl-2-hexanol, 2-methylpropionate 0.61 - - - -
Butanoic acid, 1-methylhexyl ester 0.33
Propanoic acid, 2-octyl ester, (R or S) 0.28
1-Pentene, 5-(2,2-dimethylcyclopropyl)-2-methyl-4-methylene 0.64 - - -
Benzenehexanenitrile, 4,a-dimethyl-i-oxo 0.47 - - - -
Spiro[(tricyclo[6.2.2.0(2,7)]dodeca-5,9-diene)-4,1'-cyclobutane]-11,2'- 031 . ) ) )
dione, 1,3,3,5,12,12-hexamethyl '
2-Propionyloxytridecane 0.31 - - - -
Benzene, (3-octylundecyl)- 0.3 - - - -
Dehydroabietan - 0.57 - - -
Abietadiene - 2.93 - - -

Anti-plasmodial activities of essential oils

Various in vitro antiplasmodial activities of the essential oils
studied against Plasmodium falciparum were noted.
Eucalyptus globulus (1C50 = 12.13 ppm) and Lantana camara
(IC50 = 12.34 ppm) appeared to be the most active (Table 4).
The high antiplasmodial activity of theessential oil of Lantana
camara would be due to its high content of linalool (14.68%)
and B-Caryophyllene (20.37%). Indeed, some studies have
shown that terpenes such as farnesol, nerolidol, limonene, and
linalool inhibit dolichol biosynthesis in the trophozoite and
schizont cycle of P. falciparum in vitro. These terpenes also
have the ability to inhibit the biosynthesis of the isoprenic
side chain of the benzoquinone of the schizogonic cycle 76 77
81, Furthermore, (E)-Nerolidol (1.96%) although present in
Psidium littorale essential oil did not result in an interesting

12

IC50. The same observation is made with the essential oil of
Cupressus macrocarpa containing linalool (4%) and limonene
(9.96%). From the above, the high toxicity of Lantana
camara oil cannot be attributed to the isolated effect of
Linalool. B-Caryophyllene (20.37%), one of the major
compounds in Lantana camara essential oil is also known to
have antimalarial properties against P. falciparum and
anticancer properties [l The hypothesis of interaction
between linalool and B-Caryophyllene in order to boost the
toxicity of Lantana camara essential oil against P. falciparum
is to be suggested. This hypothesis remains to be verified in
our future work. Moreover, the high antiplasmodial activity of
Eucalyptus globulus would be due to its high a -Pinene
content (35.84%). According to Salehi et al (2019) [80], this
molecule has excellent antimalarial properties.
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Table 4: Anti-plasmodial activity of essential oils on Plasmodium falciparum

Essential oils 1C50 (ppm) Statut
Eugenia uniflora 96,87 low
Psidium littorale 115,45 Inactive

Callistemom rigidus 154,35 Inactive
Eucalyptus globulus 12,13 Medium
Lippia adoensis 141,26 Inactive
Lantana camara 12,34 Medium
Cupressus lusitanica 44,86 Medium
Cupressusse sempervirens 230,31 Inactive
Cupressus macrocarpa 147,29 Inactive

Insecticidal activities of essential oils

Insecticidal tests showed that the sensitivity of A. gambiae
(laboratory strain) and A. gambiae s.l. to the doses of the
essential oils is a function of the botanical origin of the
essential oil and the place of collection of the anopheles
strain.

Regarding the botanical origin of the essential oil, the LCgs
values as well as the tkdso and tkdgs values (at 50 ppm) show
that the tested anopheline strains are more sensitive to
essential oils of Syzygium aromaticum (laboratory strain of A.
gambiae adult), Lippia adoensis (A. gambiae s.l. adult), and
Eugenia uniflora (A. gambiae s.l. and laboratory strain of A.
gambiae old larvae) than the other essential oils (Tables 5, 6,
7). According to # Pellecuer et al. (1976), the toxicity of an
essential oil is strongly related to its chemical composition.
The essential oil of S. aromaticum is characterised by its high
Eugenol content (90.85%). This molecule has been shown to
be active on certain crop pests such as Ceratitis capitata and
Rhopalosiphum padi ®2, It is therefore suggested that the high
insecticidal activity on A. gambiae adults (laboratory strain) is
due to Eugenol, which acts either alone or in synergy with
other molecules. Some oxygenated monoterpenes such as
carvacrol and linalool are also known for their insecticidal
activities %% 8. 8l These molecules are thought to be
responsible for the larvicidal toxicity of Eugenia uniflora on
A. gambiae s.l.. In addition, the high content of Neral
(24.74%) and geranial (35.15%) in the essential oil of Lippia
adoensis is thought to be the cause of the toxicity of this oil
towards A. gambiae s.1. adults. The biological activity of these
compounds was previously mentioned in the in vivo
evaluation of lemongrass essential oil against Plasmodium
berghei [*2 and in the evaluation of in vitro antifungal activity

of essential oils of citrus on the mycelial growth of
Phaeoramularia angolensis 24,

The high sensitivity of the laboratory strain of A. gambiae
compared to other strains in our study corroborates the work
of Fekadu et al. (2009) and George and Vincent (2005) [86. 871,
Indeed, Fekadu et al. (2009) (88 showed that laboratory strains
of A. arabiensis larvae were more sensitive to essential oils
than field strains. George and Vincent (2005) ®'1 had similar
results on Culex quinquefasciatus strains. These observations
could be explained by the fact that the larvae collected in the
field were on the one hand apparently better adapted to adjust
to environmental variations and therefore required a higher
concentration of active molecules to cause the required
mortality. On the other hand, these field larvae were
genetically more heterogeneous and systematically exposed to
various insecticides, which gave them a higher general
tolerance to toxic compounds 8. This resistance can also be
attributed to the highly polluted nature of the Youpwe district.
Indeed, Youpwe is a densely populated area of the city of
Douala where the main activities are fishing and trade.
Intensive fishing is done with the use of chemicals. Moreover,
household waste is not always evacuated by the hygiene
services in charge of cleaning up the environment. In many
places, there are blocked gutters that prevent the proper
circulation of water during the rainy season, leading to the
formation of stagnant water that emits foul odours. Recent
studies in the city of Douala have shown a strong link
between toxic waste and the resistance of malaria vectors to
conventional insecticides [ 1, It is therefore quite possible
that the resistance of Anopheles is associated with the
polluted nature of this area.

Table 5: Knockdown times and mortality of adult female Anopheles gambiae s.1. exposed to diluted essential oils

Doses 50
Essential Qils and control kdtso (min) | kdtes (min) | Mortality (%) | Susceptibility

Eugenia uniflora 13.94 72.59 55,33 resistant
Psidium littorale 6.66 22.86 100 sensitive
Lippia adoensis 1.06 7.9 100 sensitive
Lantana camara 5.48 34.37 66.6 resistant
Eucalyptus globulus 5.79 17.33 100 sensitive
Cupressus macrocarpa 1.57 9.07 100 sensitive
Cupressus sempervirens 5.85 10.96 100 sensitive
Syzygium aromaticum 2.42 8.82 100 sensitive
Callistemom rigidus 5.18 14.61 100 sensitive

Negative control
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Table 6: Knockdown times and mortality of adult females of Anopheles gambiae (laboratory strain) exposed to diluted essential oils

Doses (ppm) 50
Essential Oils and control kdt50 (min) kdt95 (min) Mortality (%) Susceptibility
Eugenia uniflora 5,6 18,7 100 sensitive
Psidium littorale 4,96 16,73 100 sensitive
Lippia adoensis 3.27 10.92 100 sensitive
Lantana camara 6.32 16.73 96.66 Probable resist
Eucalyptus globulus 5.3 19.1 100 sensitive
Cupressus macrocarpa 5.26 16.5 100 sensitive
Cupressus sempervirens 5.22 16.18 100 sensitive
Syzygium aromaticum 2.34 10.32 100 sensitive
Callistemom rigidus 6.84 23.25 96.66 Probable resist
Negative control 0 0 0 -

Table 7: Lethal concentration 95 (LC95) and mortality (%) of Anopheles gambiae s.l. larvae exposed to diluted essential oils

Larval mortality (%)
LC95 (ppm) A. gambiae s.I. A. gambiae
Essential Oils and Old larvae of | Old larvae of A. 50 pom 100 poml 150 pom 50 100 | 150

control A. gambiae s.| gambiae pp pp pp P ppm | ppm | ppm P
Eugenia uniflora 354 35.4 98.3 100 100 0.74 | 983 | 100 | 100 |0.74
Lippia adoensis 86,03 53.13 66 95 96.6 |0.005| 90 100 | 100 | 0.06
Psidium littorale 88,68 66.78 81.6 93.3 98.3 0.36 | 88.3 | 98.3 | 100 | 0.02
Syzygium aromaticum 119,25 55 1 26 28.3 0.06 | 88.3 | 100 | 100 | 0.06
Eucalyptus globulus 141,27 138.53 13 78 91.6 0.04 | 0.55 | 83.3 |96.6 |0.03
Cupressus macrocarpa 267,55 78.35 36 85 91.6 0.06 | 76.6 95 100 | 0.04
Lantana camara 270,03 136.75 83 90 95 0.005| 53.3 | 86.6 | 96.6|0.02
Cupressus sempervirens 315,17 81.03 75 80 95 0.03 | 78.3 90 100 | 0.02
Cupressus lusitanica 502,05 90.52 76 85 91.6 0.04 | 65 80 100 | 0.02
Callistemom rigidus 779,15 990.94 0 1 10 0.07 | 43.3 | 48.3 | 71.6|0.05

Negative control - - 0 0 0 - 0 0 -

Conclusion

The aim of this research was to characterise and determine the
insecticidal and anti-plasmodial properties of the essential oils
of ten plants from the Cameroonian pharmacopoeia
traditionally used for their repellent effects against mosquitoes
and their effectiveness in the treatment of malaria. The results
showed that these oils are made up of a mixture of molecules
whose number, nature and proportions depend on the plant
species. Anopheles adults were found to be more sensitive to
the essential oils of Syzygium aromaticum and Lippia
adoensis, while their larvae were more sensitive to the
essential oils of Eugenia uniflora. Furthermore, the essential
oils of Eucalyptus globulus and Lantana camara appear to be
the most active against P. falciparum in vitro. Their richness
in bioactive molecules and their obvious accessibility in the
local environment make these five plants potential raw
materials for the development of new biocides and natural
antimalarials.
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