
INTRODUCTION

Aedes aegypti mosquito is a vector for dengue fever
and dengue hemorrhagic fever which are endemic in Af-
rica and the Americas1. Mosquitoes in these regions are
very common due to poor drainage system especially
during rainy seasons (fish ponds, irrigation ditches and
rice-fields) which provide a better breeding place for
them2. Aedes aegypti preferentially breeds and develops
in artificial or domestic containers such as cisterns, flasks,
bottles, earthen pots, flower vases, tin cans, jars, over-
head tanks, discarded automobiles tyres, unused water
closets, rain barrels, sagging roof gutters and in natural
sites such as coconut shells, snail shells, leaf axils and
treeholes3.

In spite of the fact, that chemical vector programmes
have been carried out for a long time, these mosquito vec-
tors persist because of repeated use of synthetic products,
household sprays, and insecticides for mosquito control.

As a result, the mosquitoes develop resistance against
them4. Hence, there is a pressing need for research and
development of environmentally safe, biodegradable, and
low cost indigenous methods for vector control, which
can be used with minimum care by individuals and com-
munities in specific situation5.

Plants products may be an alternative source for con-
trol of mosquitoes, because they are rich in bioactive
chemicals, are active against number of species includ-
ing specific target-insects and are biodegradable6. Mos-
quitoes develop genetic resistance to synthetic insecti-
cides7 and even to bio-pesticides such as Bacillus
sphaericus8.

Ae. aegypti is the primary vector mosquito respon-
sible for dengue fever9. In Nigeria, misdiagnosis of den-
gue (DEN) infection for malaria/typhoid has been ob-
served in several cases10. Still the four forms of dengue
(DEN-1, DEN-2, DEN-3 and DEN-4) have been reported
in Nigeria10.
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ABSTRACT

Background & objectives: Aedes aegypti is a domestic mosquito and one of the primary vectors for dengue and
yellow fever. Since, it is a vector of deadly diseases, its control becomes essential. Medicinal plants may be an
alternative to adulticidal agents since they contain rich source of bioactive compounds. This study was designed
to determine the adulticidal activity of Spondias mombin leaf methanol crude extract, n-hexane, dichloromethane
and ethyl acetate fractions against female adults of Ae. aegypti mosquitoes and isolate active compound(s)
responsible for the bioactivity.

Methods: All leaf extract and fractions were evaluated for adulticidal activity against Ae. aegypti mosquitoes.
Adult mortality was observed after 24 h of exposure. The dichloromethane fraction was further purified being the
most active fraction using silica gel column chromatography and the active compounds were identified with the
aid of HPLC and LC-ESI-MS/MS. The LC50 and LC90 were determined by Probit analysis.

Results: Dichloromethane fraction was the most effective fraction with LC50 value of 2172.815 µg/ml. Compounds
identified were mainly ellagic acid and 1-O-Galloyl-6-O-luteoyl-α-D-glucose.

Interpretation & conclusion: The S. mombin leaf extracts and fractions proved to be a strong candidate for a
natural, safe and stable adulticide, alternative to synthetic adulticide.
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Spondias mombin Linn. belongs to the family
Anacardiaceae commonly called Hog plum and in native
language—Yeyeor akika, in Yoruba, Tsdat-iamaruda or
Tsadar masar in Hausa and Ijikara in Igbo. The plant
grows up to 3–5 m high with girth of about 15 cm, the
leaves are glabrous and unequal at the base, and fruits are
edible and yellowish when mature. Its bark is whitish grey
and rough, and slashes are pinkish white11. Parts in use
include bark, leaves and fruit juice. S. mombin contains
active principles like alkaloids, resin, tannins and saponins
and is utilized in Nigeria to cure Taenia, cough, wounds,
purge, fever, yaws, diuretic and febrifuge. It could also
be used as an astringent. Few reports are available to in-
dicate pharmacological profile of this plant species and
the larvicidal property of the plant extract and fractions12

but none related to mosquito adulticidal property.
In the present study, the leaves of S. mombin were

extracted and fractionated in various solvents successively
and the extract/fractions were evaluated against adult
females of Ae. aegypti to establish the most active
fraction and the active compound(s) responsible for the
bioactivity.

MATERIAL & METHODS

Collection of plant material
S. mombin leaves were collected from their natural

habitat in Ezinano-Agulu, Anambra State of Nigeria in
June 2011. These were authenticated by a taxonomist,
Mr. Alfred Ozioko of Bio-resources Development and
Conservation Programme (BDCP), Nsukka, Enugu State,
Nigeria. A voucher specimen has been deposited at the
Herbarium of the Department of Pharmacognosy and
Traditional Medicine, Nnamdi Azikiwe University, Awka,
Anambra State, Nigeria under the voucher specimen num-
ber of PTM04/002. The leaves were cleaned and dried in
a room temperature of 25–27°C and relative humidity of
75–81% for two weeks. The dried leaves were ground
into powder using electric grinder until the powder passed
through a 0.4 mm mesh sieve.

Plant extraction and fractionation
The extraction procedure was performed based on

Okoye and Osadede11 method. From the collection of
plant material powder, 590 g was extracted for three days
by cold maceration in methanol shaking it thrice per day
(morning, noon and afternoon) in the laboratory of Phar-
maceutical and Medicinal Chemistry, Awka, Anambra
State, Nigeria. The maceration process was then repeated
twice for maximal extraction. The suspension was filtered
through Whatman® No. 1 filter paper (diam: 24 cm) us-

ing a Buchner funnel. The filtrate was dried in the rotary
vacuum evaporator RE300 (ROTAFLO, England) to ob-
tain the methanol crude extract. The MCE was adsorbed
in silica gel (70–230 mesh size) and sequentially frac-
tionated using hexane (HF), dichloromethane (DF), ethyl
acetate (EAF), acetone (AF) and methanol (MF) follow-
ing the solvent polarities. The same rotary evaporator was
used to concentrate the fractions at 40 ± 5°C. The yields
were 14, 12.5, 60, 0.63, 1.8 and 2.3% for MCE, HF, DF,
EF, AF and MF, respectively. The crude methanol ex-
tract and fractions were stored in the refrigerator at – 4°C
before use.

Test organisms
The Ae. aegypti larvae were reared in the laboratory

of Faculty of Pharmaceutical Sciences, Agulu, Nnamdi
Azikiwe University, Awka, Anambra State, Nigeria. The
larvae of Ae. aegypti were collected from WHO/National
Arbovirus and Vector Research Centre, Enugu, Enugu
State, Nigeria and were colonised. Tap water was used
for rearing process. The larvae of Ae. aegypti were fed
with chicken feed (grower) mixed with fish feed in 3:1
ratio. Emerged adults were provided with 10% sucrose
solution and a Guinea pig. Mosquitoes were maintained
at 26 ± 3°C, 80 ± 4% RH and under 12:12 h (light : dark)
photoperiod cycles.

This study was given an ethical approval from
Anambra State University Teaching Hospital, Amaku,
Awka, Anambra State, Nigeria Ethics Review Commit-
tee with the reference number of ANSUTH/AA/ECC/36.

Adulticidal test using Centres for Disease Control and
Prevention (CDC) bottles

Preparation of stock solutions : The extract/
fractions were dissolved in acetone to obtain a concen-
tration of 1250, 2500, 5000 and 10,000 µg/ml. The choice
of this chemical was due to its ability to evaporate
very fast.

Procedure of cleaning, drying and coating the bottles
The 250 ml bottles were washed with warm soapy

water and rinsed thoroughly with tap water at least three
times. Then, the bottles were placed in an oven (50°C)
for 15–20 min until they were thoroughly dry before us-
ing them. To assure that the cleaning procedure was ad-
equate, some susceptible mosquitoes were introduced into
a sample of recently washed and dried bottles. After mak-
ing sure that bottles and caps were completely dry, the
caps were removed from the bottles and then, 1 ml of
stock solution of each concentration of the prepared in-
secticide were added in the bottles. Only 1 ml of acetone
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was added to the control bottle. The content of each bottle
was swirled and inverted by gently rotating so that all the
sides were coated. After that, the caps were removed and
bottles were rolled continuously on their side until all vis-
ible signs of the liquid were gone from inside and the
bottles were completely dry. The bottles were left for 24
h horizontally (on their sides) and covered with alumi-
num foil to keep them protected from light.

Bioassay procedure
The bioassay was performed using these 250 ml

bottles lying in horizontal position. Using a mouth aspi-
rator, 25 adult female mosquitoes (2–5 days-old glucose
fed, blood starved) were introduced into each test bottle
including the control bottle. The number of mosquitoes
dead or alive was recorded after 24 h. Mosquitoes were
considered dead if they could no longer stand. All bioas-
says were performed at room temperature of 26 ± 2°C
and relative humidity of 80 ± 2%. Experiments were set
in three replicates along with control.

Chromatographic separation

Column chromatographic separation of dichloromethane
fraction using silica gel

In the adulticidal bioassay, dichloromethane (DCM)
fraction was the most effective fraction, since the LC50
(2172.815 µg/ml) is lower compared with other fractions
and extract. Hence, it was chosen for further purification,
isolation and identification of active compounds.

Admixture: The dichloromethane fraction of S.
mombin leaves (4 g) was dissolved in dichloromethane;
silica gel (70–230, mesh) was added to the mixture to
make slurry to get uniform mixing.

Column packing: The glass column (diam 6 cm x
height 50 cm) was packed with silica gel (70–230, mesh)
using hexane as solvent. To the top of the column, ad-
mixture was loaded and column was eluted gradually with
increasing order of polarity of solvents from non-polar to
highly polar solvents.

Thin layer chromatography (TLC): The fractions in
each test tube (50 µl each) were spotted with the help of a
fine bore glass capillary tube, on aluminum pre-coated
silica gel TLC plates as stationary phase (size: 6.5 x 10
cm). The solvent system, ethyl acetate : methanol (9:1)
was used as the mobile phase for the development of chro-
matograms of the respective fractions.

Visualization of the TLC plates: The plates were ex-
amined under ultraviolet (UV) light at 254 and 365 nm.
The spots were marked with a pencil. The value for each
compound as evident from colored spots under UV was

calculated as the Rf value (retention factor) for that
compound:

Distance traveled by the compound
Rf value =

Distance traveled by the solvent front

Analytical HPLC of DCM chromatographic fractions
Each of the dried DCM chromatographic fractions

was reconstituted with 2 ml of HPLC grade methanol. 100
µl of the dissolved samples were each transferred into
high-performance liquid chromatography (HPLC) vials
containing 500 µl of HPLC grade methanol. HPLC analy-
sis of the samples was carried with a Dionex P580 HPLC
system coupled to a photodiode array detector (UVD340S,
Dionex Softron GmbH, Germering, Germany). Detection
was at 235, 254, 280 and 340 nm. The separation column
(125 x 0.4 cm; length x internal diam) was prefilled with
Eurospher-10 C18 (Knauer, Germany), and a linear gradi-
ent of nanopure water (adjusted to pH 2 by addition of
formic acid) and methanol was used as eluent.

LC-ESIMS of the DCM chromatographic fractions
Fractions DF3 and DF4 which showed presence of

high concentration of phenolic compounds from HPLC
results were subjected to liquid chromatography-
electrospray ionization mass spectroscopy (LC/ESI-MS)
using a Thermo Finningan LCQ-Deca mass spectrom-
eter (Germany) connected to an UV detector. The samples
were dissolved in methanol (MeOH) and injected to the
HPLC/ESI-MS set up. A solution of the sample was then
sprayed at atmospheric pressure through a 2–5 kV poten-
tial. HPLC was run on a Eurospher C-18 (6 × 2 mm, ID)
reversed phase column. The mobile phase was 0.1% for-
mic acid solution in nanopure water (A), to which MeOH
(B) was added by a linear gradient. The flow rate was at
400 µl/min and the absorbance detected at 254 nm. ESI
(electrospray ionization) was performed at a capillary tem-
perature of 200°C and drift voltage of 20 eV. MS/MS
experiments were also carried out on the molecular ion.
The constituents were determined by comparison of the
molecular and fragment ions with literature values. Mea-
surements of both HPLC and LC-MS were done at Insti-
tute of Pharmaceutical Biology and Biotechnology,
Heirich-Heine Universität Düsseldorf, Germany. 

Statistical analysis
The corrected mortality was determined using

Abbott’s13 formula whenever required. The percentage of
mortality data was subjected to ANOVA procedure using
Statistical Package for Social Sciences (SPSS 20.0). The
Student-Newman-Keuls (SNK) test at p = 0.05 was used
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for mean separation. Probit analysis14 was applied to de-
termine lethal dosages causing 50% (LC50) and 90% (LC90)
mortality of adult females 24 h post-exposure, and other
statistics included 95% upper confidence limit (UCL) and
lower confidence limit (LCL), slope and chi-square.

RESULTS

The adulticidal activity of the S. mombin leaves was
found to be extract or fraction dependent. All the extract
and fractions tested against adult females of Ae. aegypti
were effective with LC50 values of 4061.946, 4426.641,
2172.815, and 5346.339 µg/bottle for MCE, HF, DF and
EAF respectively.

In addition, the adulticidal activity of S. mombin ex-
tract and fractions against adults of Ae. aegypti 24 h post-
exposure showed that DF was the most toxic fraction
among the three tested with a LC50 value of 2172.815 µg/

bottle (Table 1). At the lowest concentration of 1250 µg/
ml, the mortality rate was 18.7% for DF, but no adult was
found dead in MCE, HF and EAF at the same concentra-
tion. All the exposed adults were killed at the highest
concentration 10,000 µg/ml, except for HF and EAF
which were 85.3 and 82.7% respectively.

The results of the LC-MS/MS analysis of the DCM
chromatographic fractions are summarized in Table 2.
The compounds detected were mainly ellagic acid (DF3),
1-O-Galloyl-6-O-luteoyl-α-D-glucose (DF4a) and
ellagic acid (DF4b). The proposed structures and chro-
matographs of these compounds are shown in Figs. 1, 2
and 3 respectively.

DISCUSSION

Recently, bio-pesticides of plant origin are used
against several insect species, especially disease trans-

Table 1. Spondia smombin leaf solvent extract and fractions against female adults of Aedes aegypti, 24 h post-exposure

Extract and fractions Conc. % Mortality LC50 (LCL–UCL) LC90 (LCL–UCL) Slope ± S.E. χ2

(µg/ml) (Mean  S.D.) (µg/250 ml) (µg/250 ml)

Methanol crude extract 1250 0±0a 4061.946 7255.454 5.087±0.442 7.229
2500 18.6±4.6b (2554.815–6721.697) (4986.225–36082.365)
5000 60±8c

10,000 100±0d

F-value 279.750*

Hexane fraction 1250 0±0a 4426.641 9752.958 3.736±0.307 9.750
2500 17.3±4.6b (2142.435–9673.304) (5788.886–201232.066)
5000 68±6.9c

10,000 85.3±6.1d

F-value 18±4.667*

Dichloromethane fraction 1250 18.7±6.1a 2172.815 4616.790 3.915±0.350 0.792
2500 57.3±6.1b (1960.921–2393.249) (4039.484–5502.173)
5000 92±8c

10,000 100±0c

F-value 119.526*

Ethyl acetate fraction 1250 0±0a 5346.339 11619.274 3.801±0.331 1.778
2500 10.7±2.3b (4849.018–5922.507) (9958.140–14270.083)
5000 49.3±4.6c

10,000 82.7±8.3d

F-value 178.870*

Means within a product followed by the same letter do not differ significantly at p = 0.05 (Student-Newman-Keuls’s test); *p <0.001; LC50
and LC90–Lethal concentrations able to kill 50 and 90% of female adults, respectively; LCL–Lower confidence limit; UCL–Upper confidence
limits; Number of replicates–3.

Table 2. Compounds from LC-MS analysis

S. No. Code Molar mass Name MS diagnostic peaks Mode of identification

1. DF3 301 Ellagic acid 605 [2M-H]–, 301 [M+H]+ UV, HPLC, LC-ESI/MS
2. DF4a 634 1-O-Galloyl-6-O- 633 [M-H]– UV, HPLC, LC-ESI/MS

luteoyl-α-D-glucose
3. DF4b 301 Ellagic acid 605 [2M-H]–, 301 [M+H]+ UV, HPLC, LC-ESI/MS
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mitting vectors, based on the fact that compounds of plant
origin are safer to use, without phototoxic properties and
leave no scum in the environment15.

Considering the breeding sites of Ae. aegypti, since
some of the breeding sites are man-made, there should be
an increased awareness on reduction of standing water
and human activities creating breeding sites for Ae. aegypti
and other mosquito vectors.

Many plant extracts tested to date have shown poten-
tial larvicidal activity against insect pests including mos-
quitoes. But most of them have failed to demonstrate
adulticidal effects. A study by Lee and Chiang16 showed
a good larvicidal property of Stemona tuberosa, however

no adulticidal activity was detected. Choochote et al17

also tried to demonstrate the adulticidal property of
Kaempferia galanga, however, it only caused a knock-
down effect at the initial stage of exposure and after trans-
ferring to the holding tube, the mosquito recovered from
the knockdown effect.Therefore, they concluded that per-
haps K. galanga might be useful as a repellent instead.

In the present study, the toxicity of different solvent
fractions of S. mombin were tested. The toxicity results
varied according to fraction. Among the fractions
tested, the dichloromethane fraction was the most toxic
followed by hexane fraction. We further subjected the
dichloromethane fraction to silica gel column separation

Fig. 1: Structure of the active compounds—Structures 1 and 3: Ellagic acid; 2: 1-O-Galloyl-6-O-luteoyl-α-D-glucose. Source for structure 2:
ChemSpider (http://www.chemspider.com/Chemical-Structure.28282680.html).

Fig. 2: HPLC chromatograph of DF3 : 1 is ellagic acid.

Fig. 3: HPLC chromatograph of DF4 : 1 is 1-O-Galloyl-6-O-luteoyl-α-D-glucose and 2 is ellagic acid.

Structures 1 and 3
Structure 2
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and some of the separated fractions subsequently ana-
lyzed by LC-MS/MS. A total of three compounds were
identified as shown in Table 2, by the analysis of MS
fragments and comparison with literature values. The pro-
posed chemical structures of the identified compounds
are shown in Fig. 1.

Based on the results, it was concluded that S. mombin
leaf extract and fractions may be utilized for the develop-
ment of plant-based pesticides as an alternative to syn-
thetic insecticides
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