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Abstract: Larvicidal and repellent effect of the essential oil from the seeds and leaves of Chenopodium ambrosioides
Linn were evaluated against the larvae and adults of Anopheles gambiae s.s. mosquitoes at concentrations of 0, 50, 75,
100, 200, 300 and 400 ppm. Total mortality of larvae occurred at 200ppm and 300ppm for the essential oils from seeds
and leaves respectively. Alpha-terpinene (73.55% for the seeds; 40.69% for the leaves) and para-cymene (20.05% for the
seeds; 45.44% for the leaves) are the principal constituents. There was a 100% repellent effect on adult mosquitoes at
200ppm, with protection time of at least four hours for both seed and leaf essential oils. The findings indicated that C.
ambrosioides Linn possess mosquito larvicidal and repellent potentials that might be further exploited in combating ma-

laria through anti-vector intervention.
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1. INTRODUCTION

Vector borne diseases have continued to jeopardize hu-
man life worldwide. The most fatal, malaria kills more than a
million persons annually and mostly sub-Saharan African
children less than five years old. The overwhelming burden
in sub-Saharan Africa is largely due to the presence of very
efficient mosquito vectors of Plasmodium falciparum, the
deadliest form of the malaria parasite. Despite considerable
effort implored by control programs to curb the disease bur-
den, it still remains a major public health problem in many
endemic countries including Cameroon. According to the
world health organization, vector control using insecticides
is so far the most efficient means to fight against malaria,
which is now being widely exploited in the treatment of bed
nets and for indoor residual spraying (IRS) [1,2]. Nonethe-
less, the progressive development and spread of resistance to
the major classes of insecticides in malaria vector popula-
tions, especially Anopheles gambiae complex is a huge chal-
lenge, which if not well managed is likely to directly and
seriously affect the reemergence of malaria in areas where
earlier control measures proved effective. Therefore, the
need to develop new insecticides and alternative control
measures is imperative. One of the recent focuses is to
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control disease vectors using natural plant products that are
effective against the target vector species. Natural plant
products could serve as plausible alternatives to synthetic
chemical insecticides as they would be environmentally safe,
easily biodegradable, cost effective, and user friendly [3];
Although several studies have reported the larvicidal and
repellence effects of essential oils from various botanicals
against different mosquito species [4-10] for now the use for
disease vector control is still very low [10].

Chenopodium ambrosioides Linn commonly known as
worm seed is an indigenous perennial plant that is widely
distributed throughout Cameroon [11, 12]. The seeds of this
plant are used as traditional insecticide to preserve post har-
vest grains such as maize (zea mays) and beans (Phaseolus
Sp.) from weevil attack. Medicinal properties of this plant
have also been reported; extracts are used against intestinal
parasites, nervous infections, cough, pulmonary obstruction,
typhoid, influenza, skin and kidney infection, anti- inflam-
matory as a carminative and emmenagogue [13, 14]. The
plant has also been shown to exhibit antipyretic, antifungal,
antiviral, antibacterial, sedative, analgesic, antioxidant and
insecticidal activities [12, 15-20]. Although C. ambrosioides
essential oil has been previously reported to induce mortality
in the larvae of mosquito species [21], the major constitutent
of the plant, the terpenes (especially alpha terpinene and
para-cymene), is highly variable depending on the geo-
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graphic location, climate and period of harvesting, which
could lead to differential larvicidal effects in various parts of
the world [22]. However, there are no reports yet on the lar-
vicidal and repellent properties of this plant against A. gam-
biae s.s. This study therefore highlights on the larvicidal and
repellent potential of the essential oils of the seeds and
leaves of C. ambrosioides on A.gambiae s.s. larvae and
adults as a means of contributing to malaria control through
anti-vector intervention.

2. MATERIALS AND METHODS
2.1. Plant Material and Production of Essential Oil

Whole Chenopodium ambrosioides plants were harvested
from Jakiri sub-division in the Northwest Region of Camer-
oon and transported to the laboratory for vector biology and
control at the Biotechnology Center, University of Yaounde
I. The seeds and leaves of the freshly harvested plants were
separated and dried under shade by spreading on a clean and
well-ventilated surface for one week. The plant parts were
separately weighed and essential oils extracted by hydrodis-
tillation using a Clevenger type apparatus. The oils were
passed through cotton wool containing anhydrous sodium
sulphate to remove all moisture and put in light insensitive
glass bottles. The oil fractions were weighed and the yield
calculated with respect to the weight of the dried plant part
prior to extraction and stored at 4 °C until use. . The oils
were brought to room temperature prior to the larvicidal and
repellence testing.

2.2. Determination of the Chemical Composition of Es-
sential oils by Gas Chromatography (GC) and Gas
Chromatography-mass Spectrometry (GC-MS)

Analysis by GC was done using a Varian-CP 3380 single
channel gas chromatograph, equipped with nonpolar HP-5
capillary column (30m x 0.32mm x 0.25um) . The oven tem-
perature was programmed from 50 to 200 °C with a gradient
of 5°C/minute. Nitrogen at Iml/min was used as the carrier
gas. The sample, 1ul of the oil solution in hexane was in-
jected in a split mode and the split ratio was 1:100. The in-
jector and detector (FID) temperatures were operated at
200°C..The Star Chromatography Work Station (STARWS,
version 6.2) was used to control the system. Quantitative
analysis was done by integrating the surface area of the
peaks and the results expressed as relative percentages.

The GC/MS analysis was performed on a HEWLETT-
PACKARD 5970 system. The gas chromatograph was
equipped with a HP-5 column (30m x 0.25mm x 0.25 um)
and coupled with the quadrupole mass analyser (QMS) and
detector at 70 eV. The oven temperature was raised from 70
to 200 °C at the rate of 10°C/minute. The injector port was
isothermally held at 220°C. Helium at 0.6ml/min was used as
carrier gas. The sample, 0.1 pl of essential oil diluted to 10%
with hexane was injected into the GC/MS apparatus in a split
mode (split ratio 1:100). Identification of the constituents
was confirmed based on the mass spectra and retention indi-
ces of authentic samples of the compound, and then compar-
ing the Kovats indices to that in literature [23].
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2.3. Larval Collection and Rearing

Anopheles gambiae s.s. larvae were collected from breed-
ing sources around Yaounde by dipping. The larvae were
sorted according to whether they were in their first, second,
third or fourth instar in individual rearing bowls containing
clean distilled water and covered with netting material. The
larvae were fed with finely ground dog biscuit until the third
and fourth instars were obtained for larvicidal bioassays or
until the adults emerged for the repellence bioassays. Emerg-
ing adults were maintained on 10% sugar solution in adult
cages.

2.4. Larvicidal Bioassay

Larvicidal bioassay was performed according to the stan-
dard world health organization (WHO) larval susceptibility
test procedure with slight modification [21, 24]. Only third
and fourth instar larvae were used for the bioassay. A stock
solution made up of a 1:1 dilution of each essential oil frac-
tion in 95% ethanol was prepared. From this, appropriate
dilutions were prepared at 400, 300, 200, 100, 75, 50 and 25
parts per million (ppm) with distilled water in individual
white paper cups to final working concentrations and a final
volume of 100ml each. Ten replicates were carried out for
each test concentration. Using a Pasteur pipette, ten larvae
were carefully transferred to each cup and allowed to stand
at room temperature for one hour. Thereafter the larvae were
transferred into clean cups containing distilled water only.
No food was provided during the treatment. Larval mortality
rates were recorded at 1 minute intervals for 5 minutes, then
10 minutes intervals for 60 minutes, and then at 24 hours.
Larvae were considered dead if they failed to exhibit the
characteristic dicing reaction when the water was perturbed.
The mean mortality number was recorded. Two replicate
controls were assayed simultaneously with 90ml distilled
water and 10ml of 95% ethanol.

2.5. Molecular Identification of Anopheles Gambiae Spe-
cies

Genomic DNA was extracted from randomly selected
mosquito samples as described by Collins et al, (1987). The
DNA was re-suspended in 25pul sterile TE-buffer (10mM
Tris-HCI pH 8.1, ImM EDTA) and used to identify the
members of the A. gambiae complex by the standard ribo-
somal DNA polymerase chain reaction according to Scott et
al [25], including species-specific primers for A. gambiae, A.
arabiensis, A. melas, A. quadriannulatus. Identification of
the M/S molecular forms of A. gambiae s.s. was performed
using the Restriction fragment length polymorphism (RFLP)
PCR analysis of the X-linked ribosomal DNA as described
previously [26]

2.6. Repellence Evaluation

The repellent potential of C. Ambrosioides seed and leaf
essential oils were evaluated in two ways, namely, the ani-
mal test and the cage test. The essential oils were formulated
as 30% lotions in absolute ethanol together with vanillin,
propylene glycol and polyethylene glycol as additives and
three concentrations of 50, 100 and 200ppm prepared. For
comparison with standard repellents, a commercial insect
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repellent lotion, “Ultrathon”, containing 30% diethyl-m-
toluamide — DEET was used alongside a second control con-
sisting of the diluents only (95% ethanol).

2.6.1. The Animal Test

A total of 22 guinea pigs, 10 for each essential oil frac-
tion and 2 controls were used for this assay. The animals
were shaved on the ventral side of the abdomen (3cm x
10cm) to expose the skin and immobilised by tying the fore
and hind limbs together. Beginning with the lowest concen-
tration (50ppm) 0.1ml essential oil fraction was applied on
the shaved area of all ten animals. The treated portion was
brought in contact with three days old blood starved female
adult mosquitoes through the netted surface of mosquito
cages (196 cm?), each containing ten mosquitoes and al-
lowed to stand for 15 minutes, after which the number of
blood fed mosquitoes was recorded. The repellence test con-
tinued until there were at least two blood fed mosquitoes.
However, if there were no blood fed mosquitoes after three
hours, the test was discontinued. This was repeated for the
increasing concentrations at 100 and 200ppm respectively.
Thus, each concentration was replicated 10 times giving a
total of 100 mosquitoes per concentration. The tests were
carried out under controlled laboratory conditions of 28+2°C
and 80+2% relative humidity. Two control experiments were
assayed simultaneously. Accordingly, 0.1ml/196 c¢m?® of the
commercial insect repellent cream, “Ultrathon”, containing
30% diethyl-m-toluamide — DEET, was applied to the
shaved ventral surface of one control animal, while
0.1ml/196cm’® of 95% ethanol only was applied on the sec-
ond animal. The proportion of blood fed mosquitoes in the
test and controls was recorded to estimate the percentage of
protection.

2.6.2. The Cage Test

The test was performed under controlled laboratory tem-
perature (27+2°C) and relative humididty (80+2%). One mil-
lilitre of the 50, 100 and 200ppm essential oil formulation
per oil fraction was applied to the inner surface of a 604cm’
cage linked to another cage (untreated) by a 196cm’ white
card board tunnel. Similarly, 1ml/604cm® of a commercial
insect repellent cream, “Ultrathon”, containing 30% diethyl-
m-toluamide — DEET was applied to the inner walls of the
control cage. The treated surfaces were air dried for 30 min-
utes and a total of one hundred 2-5 days old female An.
gambiae introduced into each treated cage using mouth aspi-
rators. The behaviour of the mosquitoes was observed every
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30 minutes and the protection time measured as the time
elapsed between the introduction of the mosquitoes into the
treated cage and the time when mosquitoes having escaped
into the untreated cage began returning into the treated cage.
If no mosquitoes returned into the treated cage after four
hours, the test was discontinued and the protection time sim-
ply recorded as 4hours. Each test concentration was repli-
cated twice. Fig. (1) shows the set up for the cage test as
designed by the authors for the first time and named the
“Bigoga Model”.

2.7. Statistical Analysis

Probit Analysis software WINDL 32 with 95% confi-
dence interval was used to calculate the LC;o, LCso and LCy.

3. RESULTS AND DISCUSSION

3.1. Yield and Chemical Composition of the Essential
Oils

The yield of the essential oil of the seeds was 2.43%
while that for the leaves was 1%. a terpinene and p-cymene
were the most abundant components (Tables 1 and 2), both
soluble in ethyl alcohol. The essential oil of the seeds con-
tained 73.55% o terpinene and 20.05% p-cymene with one
unidentified compound (4.23%). The essential oil of the
leaves contained 45.44% p-cymene and 40.69% a- terpinene
with two unidentified compounds (1.28% and 2.89%). The
compounds obtained from this study differed from those
obtained in earlier studies on the same plant from different
geo-ecological locations around the world. Some compounds
such as ascaridol previously reported to be the principal con-
stituent of this plant was absent [9,16]. Such variation might
be due to differences in ecological factors such as soil water
content, nutrient amounts and quality, luminosity, tempera-
ture and relative humidity; all of which would influence the
metabolism of the essential oils [27].

3.2. Larvicidal Properties of the Essential Oil Fractions

The two essential oils showed direct proportionality be-
tween the percentage mortality and the essential oil concen-
tration. The minimum concentration required to obtain 100%
larval mortality was 200 ppm for the seeds and 300 ppm for
the leaves essential oils. This suggests the essential oil of the
seeds of C ambrosioides could have better larvicidal activity
compared to that of the leaves; though the difference was not

Treated cage

~_

10cm Hollow card board
tunnel (untreated)

Untreated

cage

N

Fig. (1). Set up for repellence evaluation using the cage assay method (Bigoga model).
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Table 1. Chemical Composition of the Essential Oil of the Seeds and Leaves of C. ambrosioides
Leaves
Peak No % Composition Retention Time Kovats Index Compound ldentity
1 0.3021 11.659 1020 Para cymene
2 19.7486 12.017 1032
3 0.4492 15.415 1141 Terpinen-1-ol
4 0.3014 17.196 1198 Mrycene-8-one
5 0.3263 18.293 1234 Phenylethyle acetate
6 73.5543 19.209 1264 Alpha terpinene
7 0.6594 20.268 1271 Thymol
8 0.4331 20.268 1299 Myrtenyle acetate
9 4.2255 20.895 1321 Unidentified
1 449811 12.120 1035 Para cymene
2 0.4631 12.174 1037
3 1.3542 15.264 1136 (E)-oct-2-enal
4 0.7820 17.096 1195 Octyl acetate
5 0.6225 18.316 1235 Phenylethyle acetate
6 40.6938 19.054 1259 Alpha terpinene
7 1.1118 19.382 1270 Thymol
8 0.9336 19.710 1281 2-hydroxy anisaldehyde
9 1.0815 20.304 1301 Myrtenyle acetate
10 0.3842 20.533 1308 (E)-pinen-3-yle acetate
11 1.2861 20.744 1316 unidentified
12 2.8971 20.881 1321 unidentified
13 1.8716 21.220 1332 Mandelonitrile
14 0.4988 22.228 1367 Decanoic acid
15 0.6644 23.389 1408 Isocaryophyllene A-gurjumene
16 0.3741 25.889 1499 (z)-0-bisabolene

significant (Fig. 2). However, the essential oil concentration
needed to kill 50% (LCs) of the larvae in the larvicidal bio-
assay was 75 £ 3.19 ppm for the seeds and 77 + 4.24 ppm for
the leaves. This observation is probably due to slight differ-
ences in the percentage composition of the constituent com-
pounds in the two fractions, especially a terpinene and p-
cymene (Table 1). The larvicidal activity of these essential
oils was also shown by the LC;(, LCsy and LCy, values (Ta-
ble 2) with similar lethal trends for both the leaf and seed
fractions. This compelling anti-larval activity is most likely
due to the dominant essential oil components, a-terpinene
and p-cymene, both previously reported to exhibit important
larvicidal activities and inhibitory effects on other mosquito
species [28, 29]. The high mortality of this species at very

low concentrations of the essential oils is indicative that if
properly exploited, it could serve as a useful biological alter-
native to synthetic chemical larvicides for malaria control.
Also it would have the advantage of being environmentally
harmless, easily biodegradable and cost effective as the
plant; C. ambrosioides can be easily cultivated. Molecular
identification of collected and used specimens revealed that
only A. gambiae s.s. (M form) was included in this study.

3.3. Repellence Properties

Figs. (3 and 4) depict the repellent effects of C. Ambro-
sioides using the cage and animal models respectively. In the
cage model, despite allowing for at least three hour exposure,
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Table 2. LCg, LCspand LCyq for Larvicidal Bioassay of An. gambiae s.s. Larvae
LC Dose for Seeds Essential Oil (ppm) [95%ClI] Dose for Leaves Essential Oil (ppm) [95%Cl]
LCq 100 [92.35-106.11] 118.69 [108.98 — 133.38]
LCs 75 [68.25 —79.63] 77 [72.76 — 81.20]
LCy 50 [47.61 — 55.60] 50 [44.42 — 54.06]
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Fig. (2). Larvicidal effects of the leaf and seed essential oil fractions on Anopheles gambiae.
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Fig. (3). Repellence effects of the leaf and seed essential oil fractions on adult Anopheles gambiae s.s. mosquitoes using the cage model.

all test as well as control (DEET) mosquitoes escaped from
the treated cages (200ppm) into the untreated cages within
10 minutes of exposure and did not return to the treated
cages; an indication that the oil fractions have a fast mode of
action on mosquitoes. However, at concentrations below
200ppm, the repellence rate was generally below 50%. With
regards to the animal test, while no mosquito successfully
fed on the test animals at 200ppm of the essential oil concen-
tration, the feeding rate in the control with the commercial
insect repellent, DEET, was 0% and about 27% with ethyl
alcohol. The efficacy of DEET in providing protection
against a wide variety of mosquito species has been reported

previously [30, 31]. Although an effective repellent against
mosquitoes, there are concerns associated with DEET use in
humans [32]. The fact that C. Ambrosioides has for long
been used traditionally for medicinal purpose and in the pro-
tection of post harvest grains is suggestive of its safety to
humans at very low concentrations [15-18]. The result in this
study is an indication that the essential oil of C. ambro-
sioides has potential repellent action against A. gambiae s.s,
the major vector species for Plasmodium falciparum in Af-
rica. C. ambrosioides essential oil therefore may be consid-
ered a potentially effective repellent and a likely natural al-
ternative to synthetic repellents if properly exploited.
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Fig. (4). Proportion of blood feeding female Anopheles gambiae at various concentration of the essential oil of C. ambrosioides using the

animal model.

Overall, the essential oil of C. ambrosioides possesses
considerable larvicidal and repellent efficiency against the
larvae and adults of Anopheles gambiae s.s mosquitoes re-
spectively. Though promising, in order to use C. ambro-
sioides as an effective biological tool for combating malaria
through anti-vector intervention, the larvicidal and repellence
activities need to be investigated further; meanwhile an in-
novation on the delivering technology is needed. It would
also be important to cautiously evaluate their selective toxic-
ity on mosquito larvae in the presence of other aquatic ento-
mofauna under natural field conditions.
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