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ABSTRACT

Vector control has proved to be a successful strategy for reducing incidences of mosquito borne-
diseases. This study evaluated the repellent and larvicidal efficacy of A. muricata against An.
gambiae. Oil was extracted from the seeds using the solvent extraction method. For the repellency
test the oil (0.38 ml) was topically applied on the right arms of 10 human volunteers to evaluate its
effect against adult female An. gambiae. The left arms of the volunteers were treated with 1 ml of
20% acetone (control). Ethanol leaf extract was used for phytochemical screening and preparation
of n-hexane, ethyl acetate and aqueous fractions. These were used for larvicidal assays. From the
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stock solution (5 g each in 100 ml of water), 0.15, 0.30, 0.45, 0.60 and 0.75%w/v concentrations
were obtained. In the control experiment, larvae were exposed to 100 ml tap water and nutrients
only. Test concentrations and controls had 5 replicates each. Each larvicidal experiment consisted
of 20 third instar larvae of Anopheles gambiae. Repellency and larvicidal experiments were carried
out at the Malaria Vector Research Laboratory and Insectary, University of Uyo and National
Arbovirus and Vectors Research Centre, Enugu, Nigeria, respectively. Repellency of the oil reduced
with increased exposure time, in each case. The number of mosquito landings on the control arms
was higher than landings on the treated arms. Mosquitoes that landed on the treated arms could not
bite, suggesting that A. muricata oil could possess feeding deterrent property. Phytochemical
screening revealed the presence of some plant metabolites. The ethanol leaf extract and aqueous
fractions had no larvicidal activity at the highest concentration. However, n-hexane and ethyl acetate
fractions were larvicidal. N-hexane fraction was the most potent with 48hLCs, value of 0.41%wl/v,
while ethyl acetate fraction had 48hLCsy value of 0.79% w/v. Results suggest that A. muricata has
promising repellent and larvicidal potentials against An. gambiae.
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1. INTRODUCTION

Mosquitoes are vectors of several parasitic and
viral diseases like malaria, filariasis, Japanese
encephalitis, dengue, yellow fever and
chikungunga which lead to several cases of
morbidity and mortality globally. Mosquito
elimination and control programmes have been
made top priorities due to the overall prevalence
and health significance of these diseases.

Anopheles gambiae commonly called the African
malaria mosquito is the most efficient vector of
human malaria in Afrotropical region [1]. The
Anopheles gambiae species complex consists of
at least eight different sibling species [2]. Also,
apart from being the vector of human malaria,
Anopheles gambiae has been implicated in the
transmission of lymphatic filariasis (L.F)
especially in tropical Africa [3].

Over the years, malaria and lymphatic filariasis
have been a leading cause of death in Nigeria,
with the country accounting for about 25% of
world malaria cases and 19% of death globally in
2018 [4]. Also, Nigeria has a significant burden of
lymphatic filariasis and it is estimated that
approximately 80 to 120 million people are at risk
of lymphatic filariasis in Nigeria [5].

Vector control has proved to be one of the major
strategies of checkmating these diseases. These
strategies may be applied to different stages of
insects (immatures and adult). The use of
synthetic insecticides is commonly considered to
be the most efficient control method against
mosquitoes. However, the use of chemical
insecticides poses problems for the environment

and for human health. It also leads to the
development of resistance in treated mosquitoes,

with time [6]. Existing and further risk of
development of  widespread insecticide
resistance in vector species and increasing

awareness of the benefits of using environment-
friendly natural products such as extracts of
plants for vector control has necessitated the
continued search for potent plant products as
alternative to synthetic insecticides.
Phytochemicals such as terpeniods, alkaloids,
tannins, flavonoids and saponins have all been
identified as effective bioactive compounds which
act as larvicides, repellents and insecticides
[7-10].

Soursop (Annona muricata) is a fast-growing tree
that can reach up to 10 meters tall. The fruit
length is about 12 to 24 centimetres and
weighs about 400 to 800 grams [11]. It is a
member of the Annonaceae family. Soursop is
not only a delicious and healthy fruit but it is
used medicinally to treat illnesses ranging from
stomach ailments to worms [11]. Soursop has
been reported to possess anticancer and
anti-diabetic properties [12,13]. All plant parts are
used in the natural medicine, including bark,
leaves, roots, seeds and fruits [14,15,11].
Despite its many ethnomedicinal uses, there
has been a paucity of scientific information on
the repellent and larvicidal efficacy of the
extracts of A. muricata on some mosquito
species especially Anopheles gambiae. There
was need therefore to evaluate the repellent
efficacy of the seed as well as the larvicidal
efficacy of the leaf of A. muricata for
possible activity against Anopheles gambiae
mosquitoes.




2. MATERIALS AND METHODS

2.1 Collection and Identification of Plant
Materials

The experimental plant (Annona muricata) was
collected from Ukana Uwa West Village in Essien
Udim Local Government Area of Akwa Ibom
State, Nigeria. The plant was identified by Prof.
(Mrs). M. E. Bassey, a taxonomist in the
department of Botany and Ecological Studies,
University of Uyo, Uyo. Herbarium specimen with
voucher number (Umohata, UUH 3829) was
prepared and deposited in the same department
for future referencing.

2.2 Processing of Plant Material

The leaves and seeds of the plant material were
thoroughly washed and separately shade dried
on laboratory tables for 21 days. They were
separately pulverized with manual grinder and
weighed.

2.3 Extraction of Crude Leaf Extracts

The pulverized leaves (815 g) were extracted by
maceration (cold extraction) at room temperature
(27 +£2°C) with 70% ethanol for 72 hours with
intermittent stirring using a glass rod. This was
followed by filtration using muslin cloth, filter
funnel, Whatman No. 1 filter paper and non-
absorbent cotton wool as described by Ubulom
and Imandeh, [16]. This method was used in
order to completely get rid of any marc in the
filtrate. Each filtrate, was concentrated in vacuo
at 40°C using a rotary evaporator. The dried
extract obtained was weighed and stored in a
refrigerator at 4°C prior to further studies.

2.4 Partitioning of Crude Extract

The procedure for partitioning followed the
method of Jain, et al. [17]. The leaf extract (75 g)
was dissolved in 100 ml of distilled water and
partitioned successively using a separating
funnel (Pyrex, England). A quantity of 100 ml of
hexane was introduced and slowly mixed and
allowed to settle for phase separation. The
hexane fraction was carefully decanted after
partitioning while more hexane solvent was
added and same process repeated until no
further colour change was observed with hexane.
The aqueous portion was then partitioned with
ethyl acetate using the same procedure to obtain
the ethyl acetate fraction. The fractions obtained
were concentrated in vacuo at 40°C to dryness
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using a rotary evaporator and preserved in a
refrigerator at 4°C for further use.

2.5 Fixed Oil Extraction

A portion of the pulverized seed (348 g) was
placed in a flat bottom flask. N-hexane solvent
(600 ml) was poured into the flask. The flask
content was allowed to stand for 36 hours as
described by Suryawanshi, et al. [18]. After 36
hours, the extract was decanted into another
beaker and 200 ml ethanol was added. The
mixture was then transferred to a separating
funnel and separated by liquid/liquid separation
process. The content in the separating funnel
was allowed to come to equilibrium, which
separated into two layers depending on their
densities. The lower ethanol layer and the upper
hexane layer were collected into two separate
beakers and were each placed in a water bath at
78°C. This was done to evaporate the ethanol
and hexane leaving only the natural fixed oil. The
yield of the oil was determined by weighing the
extract on an electronic weighing balance. The
oil obtained was stored in a glass bottle and
preserved in a desiccator for further use. The
extraction and fractionation processes were
carried out in the Post Graduate Laboratory of
the Department of Pharmacognosy and Natural
Medicine, University of Uyo, Nigeria.

2.6 Evaluation of the Potency of the Fixed
Oil as Repellent

The potential of fixed oil obtained from the seeds
of Annona muricata was evaluated.

Mosquitoes used for the Test: Anopheles
larvae were obtained separately from mosquito
ovipositing sites found at different locations of
Iltam, Idoro and Use Offot all in Uyo Local
Government Area of Akwa Ibom state. Itam,
Idoro and Use Offot were tagged sites A, B and
C respectively. The larvae from each site were
separately kept in different troughs half-filled with
tap water. The larvae were maintained at
ambient temperature of 27+2°C in the Malaria
Vector Research Laboratory and Insectary of the
Department of Animal and Environmental
Biology, University of Uyo. After emergence,
adult female Anopheles gambiae mosquitoes
were identified and selected using taxonomic
keys [19]. Females from each site were
separately transferred to different cages using an
aspirator. The mosquitoes were allowed to
acclimatize for 5-7 days and were fed and
maintained with 10% sugar solution as described
by Gerberg, et al. [20].



Test Cages: The Test cages (40 x 50 x 40 cm)
were constructed with metal frame to make
decontamination easier [21]. All sides were
covered with an observable white net to allow
viewing. Fabric sleeves were added to the front
side of the test cage to allow access by a human
forearm.

Laboratory Test: The repellent test followed the
method used by Yoon, et al. [22] which was
adopted from the guidelines of WHO, [21]. Two
hundred female mosquitoes (age 5-7 days) each
which had never received a blood meal were
starved of their sugar diet for 16 hours before the
test. This was to make the mosquitoes hungry
and ready to bite. Ten (10) volunteers were used
for the repellency test.

The arms of each volunteer were washed with
unscented soda soap, rinsed with water and air-
dried for 5 minutes. A stock solution of the
repellent was prepared by diluting 38 ml of the
fixed oil with 62 ml of 20% acetone. A
concentration of 0.38 ml of the repellent solution
was applied evenly on the right forearm between
the wrist and elbow using a Pasteur pipette and
allowed to dry for 10 minutes. A quantity of 1ml
of acetone (20%) was applied evenly on the left
forearm between the wrist and elbow, and that
served as the control for the test. The control
experiments were carried out first. The control
left arm was placed into the test cage containing
200 female mosquitoes and left for 3 minutes
and the number of mosquitoes landing on that
arm was counted. If fewer than 10 mosquitoes
landed on that arm, the volunteer was excluded
from further test. Repellent treated right arms
were placed in the test cage three times at an
interval of 1 hour each. Each exposure period
lasted for 3 minutes only. The number of
mosquitoes that landed on or bit that arm was
recorded within the 3 minutes exposure period
[22,23].

2.7 Determination of Complete Protection
Time (CPT)

The complete protection time (CPT) was defined
as the time the first mosquito landed on or bit a
treated arm. To determine the CPT of mosquito
repellent, the treated right arm of each volunteer
was inserted into the test cage for 3 minutes. If
there were no landing or bites, that arm was
reinserted at 10 minutes intervals until the first
landing or bite occurred. The average CPT of the
oil was determined by adding the protection time
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of each volunteer and then divide it with the
number of volunteers (10) used for the test.

2.8 Phytochemical Screening

The qualitative screening was carried out on the
ethanol extract of Annona muricata leaf
according to the standard methods of Sofowora
[24] and Evans, et al. [25]. This was done to
identify the classes of bioactive compounds
present. Phytochemical constituents screened
were alkaloids, anthraquinones (free and
combined), cardiac glycosides, flavonoids,
saponins, tannins and terpernoids.

2.9 Larvicidal Assay

Larvicidal assays reported in this study were
carried out in the Entomology Laboratory of the
National Arbovirus and Vectors Research Centre
(NAVRC), Enugu, Nigeria. Third instar larvae of
Anopheles gambiae used for the bioassay were
provided by the Entomology unit of NAVRC,
Enugu, Nigeria. The method used for the
bioassay followed the guidelines of WHO, [26].
Stock solutions were prepared by separately
adding 100ml of tap water to 5g of extract and
fractions and each solution was mixed
thoroughly. Heat was applied to each stock
solution of extract and fraction over a water bath
at a temperature of 40°C for 2 minutes, after
which the solutions were removed and left to cool
for 30 minutes before assays were carried out,
this was to reactivate the phytoconstituents from
possible inactivation due to refrigeration. From
each stock solution, graded concentrations were
prepared to obtain 0.15, 0.30, 0.45, 0.60 and
0.75% wl/v of extract and fractions in a final
formulation of 100 ml. Twenty (20) third instar
larvae of Anopheles gambiae were transferred to
small disposable test cups containing larval
nutrient. The larval nutrient was a pinch of
pulverized cornflakes added to each assay cup.
The mosquito larvae were exposed to five
concentrations (0.15, 0.30, 0.45, 0.60 and 0.75%
w/v) each of the extract and fractions and were
assessed for their larvicidal activity. Five
replicates were set up for each extract and
fraction concentration. There was a control
experiment which consisted of 20 third instar
larvae of Anopheles gambiae immersed in 100
ml of tap water to which larval nutrient only was
added. Mortality was recorded after 24 and 48
hours exposure period and the larvae were
considered dead when they failed to move and
did not respond to stimulus with a Pasteur pipette
[16].



2.10 Data Analysis

Repellency (R) was calculated using the formula
of Schreck, [27]:
R (%)= [ C

-T ]xwo%
C

Where

C = the number of mosquito bites/landing on the
control arm.
T = the number of mosquito bites/landing on the
treated arm.

The repellency of the control and treated arms
was compared using F-test. The average CPT of
the oil was calculated by adding the protection
time of each volunteer and then divide it with the
number of volunteers (10) used for the test. Data
obtained from the larvicidal bioassay were
analysed using one way analysis of variance
(ANOVA). The 48 hour median lethal
concentration values (48hLCsy) were determined
by Probit analysis as described by Finney [28].
SPSS version 20.0 was used for the analysis.

3. RESULTS

3.1 Evaluation of Repellency and
Complete  Protection Time  of
Essential oil of A. muricata Seed

The average percentage repellency for site A at
0O h, 1 h, and 2 h were 93.40%, 76.6% and
49.78% respectively. For site B, the average
percentage repellency were 93.03%, 74.66% and
48.75% at 0, 1, and 2 hours respectively. Site C
had 93.26%, 72.20% and 51.46% at 0, 1 and 2
hours respectively (Tables 1, 2 and 3).

There was difference in the mean number of
mosquito landing between the acetone treated
control arm and the fixed oil treated arms. The
control arm had the highest number of mosquito
landings with a mean of 23.70+1.47, 23.20+0.96
and 23.7041.70 for sites A, B and C respectively
(Table 4). The lowest mean number of mosquito
landing on the volunteers was recorded
immediately after application of the oil (O hour)
with a mean number of 1.50+£0.43, 1.60+0.52 and
1.60+£0.58 landings for sites A, B and C
respectively (Table 4). The number of mosquito
landing on the ftreated arms of volunteers
however increased with increased exposure
time. Thus, the mean number of landings after 1
hour was 5.50+£0.56, 5.90+£0.66 and 6.50%0.78,
for sites A, B and C respectively. The mean
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number of landings increased to 11.70+0.54,
11.80+0.80 and 11.30+0.62 for sites A, B and C
respectively after 2 hours.

The results obtained when the complete
protection time was determined indicated that the
average complete protection time (CPT) of 0.38
ml of Annona muricata seed oil for these 10
volunteers were 6.0+0.62 mins, 7.0+0.92 mins
and 7.0+0.78 mins for site A, B and C
respectively (Tables 1, 2 and 3).

When the acetone treated left forearm of the
volunteers were exposed to 200 mosquitoes from
each site for 3 minutes, a mean number of
23.70+1.47, 23.20+0.94 and 23.70+1.70
mosquitoes from sites A, B and C respectively
landed on the volunteers (Tables 1, 2 and 3).

It was also observed that in the control arm
(acetone treated), the mosquitoes that landed, bit
the volunteers. On the oil treated arm, there were
mosquito landings on the volunteers’ arms but no
bite was recorded.

3.2 Phytochemical Constituents of
Ethanol Extracts of Annona muricata
Leaf

Results obtained from phytochemical screening
revealed that the ethanol leaf extract of A.
muricata contains alkaloids, saponins,
flavonoids, terperniods, tannins and cardiac
glycosides. Free and combined anthraquinones
were not detected (Table 5).

3.3 Larvicidal Efficacy of the Crude
Extract and Fractions of A. muricata
Leaf

The larvicidal assay was carried out using
ethanol crude extract of A. muricata leaf and
three fractions (N-hexane, ethyl acetate and
a%ueous) obtained from the crude extract against
3 instar larvae of Anopheles gambiae. The
larvicidal activity of n-hexane and ethyl acetate
fractions against Anopheles gambiae at different
exposure periods. N-hexane fraction recorded
100% mortality after 48 hours exposure at the
highest concentration of 0.75% w/v (Table 6).
Ethyl acetate fraction at the highest
concentration of 0.75% wi/v recorded 39% larval
mortality against Anopheles gambiae after 48
hours exposure period (Table 6). There was
however no mortality recorded in the aqueous
fraction against Anopheles gambiae larvae
(Table 7).
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Table 1. Site A percentage repellence and complete protection time of 0.38 ml Annona muricata seed oil against Anopheles gambiae in a
laboratory test

Volunteer Number of Control test Repellency percentage (¥SE) at hours after treatment oil treated test
female An. Acetone NC Concent-ration Oh 1h 2h (CPT)
gambiae (20%) of test oil (ml)  NT R(%) NT R(%) NT R(%)
introduced
V4 200 Tml 22 0.38 2 90.9 6 72.7 10 54.5 3
Vo 200 1ml 20 0.38 1 95.0 4 80.0 12 40.0 3
V3 200 Tml 26 0.38 0 100 5 80.7 14 46.2 13
V4 200 Tml 30 0.38 3 90.0 8 73.3 14 53.3 3
Vs 200 1ml 18 0.38 2 88.8 4 77.8 9 50.0 3
Ve 200 Tml 24 0.38 1 95.8 4 83.3 11 54.2 3
V7 200 1ml 21 0.38 0 100 3 85.7 10 52.3 13
Vg 200 1ml 32 0.38 0 100 6 81.3 12 62.5 13
Vg 200 1ml 19 0.38 2 89.5 7 63.2 12 36.8 3
Vio 200 iml 25 0.38 4 84.0 8 68.0 13 48.0 3
Average 23.70+ 1.47 1.50+ 0.43 93.40+ 1.77 5.50%+ 0.56 76.60 *2.25 11.70%+0.54 49.78+2.36 6.00+0.62

Key: NC — Number of mosquito landing/bites on control arm; NT — Number of mosquito landing/bites on oil treated arm; R(%) — Percentage Repellency; CPT — Complete Protection Time

Table 2. Site B percentage repellence and complete protection time of 0.38 ml Annona muricata seed oil against Anopheles gambiae in a
laboratory test

Volunteer Number of Control test Repellency percentage (+SE) at hours after treatment oil treated test
female An. Acetone NC Concent-ration Oh 1h 2h (CPT)
Gambiae (20%) of test oil (ml) NT R(%) NT R(%) NT R(%)
introduced
V4 200 1ml 24 0.38 4 83.3 10 58.3 8 66.7 3
V2 200 ml 19 0.38 0 100 3 84.2 10 47.4 13
V3 200 1ml 22 0.38 3 86.4 7 68.2 12 455 3
V4 200 1ml 26 0.38 2 92.3 6 76.9 10 61.5 3
Vs 200 ml 20 0.38 0 100 4 80.0 14 30.0 13
Ve 200 1ml 25 0.38 1 96.0 4 84.0 11 56.0 3
V7 200 1ml 28 0.38 0 100 6 78.6 15 46.4 13
Vg 200 1ml 26 0.38 2 92.3 8 69.2 16 38.5 3
Vg 200 1ml 22 0.38 0 100 5 77.2 12 455 13
V1o 200 1ml 20 0.38 4 80.0 6 70.0 10 50.0 3
Average 23.20+ 0.94 1.60+ 0.52 93.03+2.39 5.90+0.66 74.66+2.57 11.80+0.80 48.75+3.37 7.00£0.92

Key: NC — Number of mosquito landing/bites on control arm; NT — Number of mosquito landing/bites on oil treated arm; R(%) — Percentage Repellency; CPT — Complete Protection Time
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Table 3. Site C percentage repellence and complete protection time of 0.38 ml Annona muricata seed oil against Anopheles gambiae in a

laboratory test

Volunteer Number of

Control test

Repellency percentage (¥*SE) at hours after treatment oil treated test

female An. Acetone NC Concent-ration of Oh 1h 2h (CPT)
gambiae (20%) Test Oil (ml) NT R(%) NT R(%) NT R(%)
introduced
V1 200 1ml 28 0.38 0 100 4 85.7 13 53.6 13
V2 200 1ml 23 0.38 1 95.7 5 78.3 11 52.2 3
V3 200 Tml 16 0.38 4 75.0 6 62.5 10 37.5 3
V4 200 1ml 21 0.38 0 100 6 71.4 10 52.4 13
Vs 200 Tml 22 0.38 2 90.9 7 68.2 12 45.5 3
Vs 200 1ml 29 0.38 3 89.7 9 69.0 14 51.7 3
V7 200 1ml 34 0.38 5 85.3 12 64.7 14 58.8 3
Vs 200 Tml 20 0.38 0 100 5 75.0 11 45.0 13
Vo 200 1ml 19 0.38 0 100 7 63.2 8 57.9 13
V1o 200 iml 25 0.38 1 96.0 4 84.0 10 60.0 3
Average 23.70+1.70 1.60+0.58 93.26+2.60 6.50+0.78 72.20%2.64 11.30%0.62 51.46%2.23 7.00+0.78

Key: NC — Number of mosquito landing/bites on control arm; NT — Number of mosquito landing/bites on oil treated arm; R(%) — Percentage Repellency; CPT — Complete Protection Time

Table 4. The means of mosquito landing from the three different sites on volunteers

Acetone treated

Essential oil treated

0Oh 2h
Site A 2370+ 1.47° 1.50 + 0.43 5.50 + 0.56° 11.70 + 0.54°
Site B 23.20 + 0.96° 1.60 + 0.52° 5.90 + 0.66° 11.80 + 0.80°
Site C 23.70 + 1.70° 1.60 + 0.58" 6.50 +0.78° 11.30 + 0.62°

Means with different superscripts along the same row are significantly different (P < 0.05) £ = Standard error
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Table 5. Results for the qualitative phytochemical screening of the ethanol leaf extract of
Annona muricata

Secondary metabolite Test Leaf extract
Alkaloids Dragendorff +
Mayer +
Anthraquinones
Free Borntrager -
Combined Modified Borntrager -
Cardiac Glycosides Salkowski +
Keller-Killiani +
Lieberman +
Flavonoids Magnesium metal +
Sodium hydroxide +
Ammonia +
Saponins Frothing +
Emulsion +
Tannins Ferric chloride +
Lead sub-acetate +
Terpenoids Salkowski +

Key: + = Present; - = Absent

Table 6. Percentage mortality of larvae of Anopheles gambiae on exposure to different
concentrations of n-Hexane and ethyl acetate fractions of A. muricata leaf extract

Concentration Number of n-Hexane fraction Ethyl acetate fraction
(%WIV) Larvae Exposure period Exposure period
Introduced 24 hours 48 hours 24 hours Mortality 48 hours
mortality mortality mortality
0.15 100 0% 0% 0% 0%
0.30 100 11% 18% 0% 0%
0.45 100 35% 64% 0% 0%
0.60 100 69% 92% 7% 9%
0.75 100 95% 100% 30% 39%
Control 100 0% 0% 0% 0%

Table 7. Percentage mortality of larvae of Anopheles gambiae on exposure to different
concentrations of ethanol and aqueous fraction of A. muricata leaf extract

Concentration Number of Ethanol leaf extract Aqueous fraction

of extract and larvae Exposure period Exposure period

fraction (%W/V) introduced 24 hours mortality 48 hours 24 hours 48 hours
mortality mortality mortality

0.15 100 0% 0% 0% 0%

0.30 100 0% 0% 0% 0%

0.45 100 0% 0% 0% 0%

0.60 100 0% 0% 0% 0%

0.75 100 0% 0% 0% 0%

Control 100 0% 0% 0% 0%

Table 8. The 24 and 48hLC;, values of hexane and ethyl acetate fractions of the leaf of
A. muricata against larvae of An. Gambiae

Fraction 24h LCso (%WI/V) Regression equation 48h LCso (%WI/V)  Regression equation
Hexane 0.49 + 0.57 Y=-18.41 + 6.85X 0.41+0.65 Y=-20.93+8.01X
Ethyl acetate  0.97 + 1.19 Y=-17.65 + 5.91X 0.79+1.96 Y=-34.31+11.85X

The ethanol leaf extract and aqueous fraction gambiae, as there was no mortality
of A. muricata had no larvicidal effect on An. recorded after 48 hours of exposure even with



the highest concentration of 0.75% w/v. This
scenario was the same for the control
experiment as it recorded no single
mortality after 48 hours of exposure as the
larvae were actively wriggling (Table 7).

3.4The Medium Lethal Concentration
(LCso) of the Potent Fractions

The 48hLCs, valves were 0.41 and 0.79%w/v for
n-hexane and ethyl acetate fractions respectively
(Table 8). The lethal concentration 48hLCs value
for the ethanol crude ethanol extract of the leaf
and the aqueous fraction could not be
determined, as there was no mortality recorded
in the experiments.

4. DISCUSSION

The Repellency test on human volunteers
provided a real case situation for confirmatory
observation on repellent activity of Annona
muricata fixed oil against female Anopheles
gambiae mosquitoes. Mosquitoes usually make
surreptitious landing on exposed skin to feed
[29]. Application of A. muricata seed oil reduced
landing attempt and completely prevented biting
attempts by female Anopheles gambiae
mosquitoes.

The fixed oil obtained from the seeds of A.
muricata examined has exhibited repellent
activity against Anopheles gambiae and this can
be considered useful for mosquito control. The
reported repellent activity of the oil may be
attributed to the chemical composition of the
seed oil of this plant which has been previously
reported by Fasakin, et al. Ranisaharivony, et al.
Elagbar, et al. and Pinto, et al. [30-33]. The most
common components of A. muricata seed oil are
Oleic acid, Linoleic acid, Linolenic acid,
Lignoceric and Palmitic acid [32]. The repellent
potentials of some of these components have
been documented by Shukla, et al. [34].

Results from our repellent study clearly shows
that there was significant difference in the mean
number of mosquito landing on the control arms
of the volunteers when compared with the
essential oil treated arms (Table 4). This results
shows that the repellency observed in this test is
due to the topical application of fixed oil of A.
muricata, as the control arms of volunteers had
higher number of mosquito landing when
compared to the treated arms and this agrees
with the report of Yoon, et al. [22], who reported
reduced number of mosquito landings on treated
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volunteers arms when compared to their control
arms in a laboratory repellency test.

However, results from the present investigation
reveal that the percentage repellency of the oil of
A. muricata seeds reduced with increased
exposure time (Tables 1, 2, 3). This agrees with
the report of Yoon, et al. [22] who observed
reduction in repellency with increased exposure
of female Aedes agypti mosquitoes to Citronella
and fennel oils. However, the sites did not in any
way affect the results of the repellent tests as
there was no significant difference in the results
obtained for the different sites (Tables 1, 2, 3).

Results obtained from this research revealed that
the protection time from mosquito landings was
short. This corroborates the reports of Shukla, et
al. [34], that plants based oil possesses short
protection time.

A notable observation that was made in this
study was the fact that on the control arms
(acetone treated), the mosquitoes that landed bit
the volunteers, but on the test arms (oil treated),
even where mosquito landing was recorded,
there was no bite. This suggests that the fixed oil
may possess feeding deterrent potential. Earlier,
Phasomkusolsil and Soonwera [35], reported that
if protection time and biting rates of a plant oil are
short and low respectively, the oil acts more as
feeding deterrent than as a repellent.
Consequently, the short protection time and zero
biting rate as observed in this study suggest that
the fixed oil of A. muricata seeds possesses a
feeding deterrent potential. However, this
requires further investigation.

Natural repellents are safe for human and
domestic animals, but the continuous topical
application of synthetic repellents e.g DEET
causes folding of the epidermis with fewer hairs
and thickened dermis with more vascularity [36].
Nevertheless, A. muricata fixed oil extract did not
cause any adverse effect in terms of discomfort
or skin irritation on the human volunteers during
and after the study period. Plant based products
are generally regarded to be safe compared to
synthetic repellents [37].

Some of the phytochemicals detected in the leaf
of A. muricata have been reported to have good
larvicidal efficacy [38-43]. Thus, the larval
mortality recorded in this study could be
attributed to the phytochemical compounds
detected in the plant parts. Phytochemicals
detected in the plant extracts may have exerted



their effect on the larvae either singly or in
synergy.

This study revealed that the n-hexane fraction
was more potent than the ethyl acetate fraction
as judged by the 48hLCs, values of 0.41+0.65
and 0.79%1.96% w/v respectively. Since n-
hexane is an organic solvent that is known to
extract non-polar compounds it can be deduced
that the non-polar compounds in the leaf of A.
muricata were more active. Ethyl acetate extracts
median polar compounds. Thus, the activity of
the fractions decreased from the non-polar to the
polar solvent, showing potency variation due to
change in solvent of extraction as reported by
various scholars Ghosh, et al. [44]. The high
larvicidal efficacy of n-hexane fraction in this
study corroborate the work of Lame, et al. [45],
who reported the efficacy of n-hexane fraction of
Annona senegalensis and Boswellia dalzielis
leaves against Aedes aegypti larvae. Similarly,
Lame, et al. [46], reported the efficacy of n-
hexane fraction of Annona senegalensis leaf
extract against Anopheles gambiae and Culex
quinquefascciatus larvae.

Larval mortality was observed to increase with
increase in the concentration of fraction as well
as increase in exposure period. The
demonstrated increase in the larvicidal activity
with increased post exposure period as recorded
in this study is supported by previous studies
showing that an increase in the concentration of
aqueous extract of Blighia sapida leaf [47],
ethanol leaf extract of Lantana camara [48],
ethanol leaf extract of Annona recticula [49]
ethanol leaf extract of Annona squamosa [50]
and aqueous leaf extract of Vernonia cinerea
[51] all resulted in increased larval mortality with
different mosquito species. Rattan, [52]
demonstrated that extraction of active
biochemical from the same plant depends upon
the polarity of solvent used which is an important
larvicidal response determinant.

Earlier, Torres, et al. [53] and Ravaomanariavo,
et al. [54] evaluated the larvicidal efficacy of the
crude ethanol leaf and seed extract of A.
muricata against Aedes aegypti and Culex
quinquefasciatus. They reported 100% larval
mortality. However, the results obtained from this
study in which no larval mortality was observed
in An. gambiae larvae exposed to the crude
ethanol extract and the aqueous fraction of the
leaf of A. muricata corroborates the report of
Kishore, et al. [55], that the mosquitocidal effect
of plant extracts vary with difference in plant
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species, plant parts used, extraction methods
and solvents used and mosquito species tested.

5. CONCLUSION

The repellency of the seed as well as the
larvicidal efficacy of the leaf of Annona muricata
were evaluated. The fixed oil extract of A.
muricata seed was potent as repellent against
female Anopheles gambiae mosquitoes. When a
concentration of 0.38 ml of the oil was applied on
volunteers’ arms, the density of mosquito landing
on the treated human volunteers’ arms reduced
when compared to the control arms. A notable
observation that was made in this study was the
fact that on the control arms (acetone treated),
the mosquitoes that landed bit the volunteers, but
on the test arms (oil treated), even where
mosquito landing was recorded, there was no
bite. This suggests that the fixed oil may possess
feeding deterrent potential. Phytochemical
screening revealed that the crude ethanol extract
of the leaf of A. muricata contained highly polar,
median polar and non-polar compounds. The
ethanol leaf extract of Annona muricata and its
aqueous fraction did not have larvicidal effect on
Anopheles gambiae. The hexane fraction with a
48hLCsq value of 0.41% w/v was the most potent
fraction against An. gambiae larvae, this was
followed by ethyl acetate fraction with a 48hLCsq
value of 0.79% w/v. Findings from this research
reveal that A. muricata hold repellency and
larvicidal potentials against An. gambiae. It
should be explored.
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