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ABSTRACT

The female Anopheles gambiae s.l is the principal_intermediate host/vector of Plasmodium - the
causative organism of malaria fever in many tropical countries. After a preliminary acute toxicity
screening of leaf extracts of Hyptis suaveolens using descending series of concentrations (1000,
500, 100, 50 and 5 ug/ml ), two extracts (aqueous and ethanolic ) were assayed against freshly
laid eggs and larval instars of An. gambiae following the standard World Health Organisation
ovicide and insecticide susceptibility bioassay methodology. The results indicate that both
ethanolic and aqueous extracts of the test plant significantly (F = 30.23, df = 5, p < 0.01; F =
45.28, df = 5, p < 0.01 respectively) reduced the viability of the An. gambiae ova exposed to
different doses of the extracts. In the ovicidal assay the lethal inhibition doses of egg hatching
(IH50) was 31.52 and 48.01/ug/ml respectively for the ethanolic and aqueous extracts. Also at a
dose of 82.5 ug/ml the ethanolic extract completely inhibited An. gambiae hatching whereas the
aqueous extract could inhibit only 70.42% egg hatching at the same dose. The results further
indicate that both ethanolic and aqueous extracts also exhibited larval median lethal toxic (LCs,)
values of 62.41 (range 61.22 — 67.04) and 80.02 (range 77.55 — 86.41) respectively thus making
both extracts candidates for further fractionation and compound isolation studies to characterize
the active phytochemical constituents.
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INTRODUCTION
Mosquitoes are the most important vectors of certain persistent organochlorine (DDT and Lindane),
human infections and diseases. Mosquito-borne organophosphorus (malathion), carbamates

diseases such as malaria, yellow fever, filariasis and
dengue contribute significantly to mortality in most
tropical countries. Among these diseases malaria
continues to dominate the public health spectrum
especially in Africa continent where Anopheles
gambiae sensu latu (Diptera: Anophelidae) complex
occurs in endemic regions. This species complex is
the vector of Plasmodium, the aetiologic organism of
malaria fever which annually kills between 1.4 to 2.7
million of the estimated 300 — 500 million clinical
cases (Snow et al, 1999; Wirth, 2003). Most of these
deaths occur among African children and pregnant
women living in endemic countries of sub-Saharan
countries of stable malaria transmission.

The control of mosquito-borne diseases is
however becoming increasingly difficult because the
effectiveness of vector control has declined due to
development of resistance by vectors against the
currently used but toxic and environmentally
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(carboxyl) and pyrethroid insecticides (WHO, 1986;
Gratz, 1997; Chandre et al, 1998; Penilla et al,
1998; Dolianitis and Scinclair, 2002).

In the absence of effective prophylactic
vaccine against most of the mosquito-borne diseases,
it is desirable to find compounds that can effectively
control mosquitoes with minimal damage to the
environment. Naturally-occurring phytocompounds
that are rich sources of bioactive chemicals appear to
be the most likely candidates for the environmentally
safe and degradable products targeted specifically
against mosquitoes. So far research workers have
identified a wide variety of plant species from various
ecosystems that have produced a range of acute and
chronic toxic effects against mosquitoes (Shaalam et
al, 2005). Currently more than 2000 plant species
have been identified as having insecticicidal
properties and about 344 plant products are known
to possess anti-mosquito characteristics (Sukumar et
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al, 1991). Several researchers have also
demonstrated ovicidal and larvicidal activities of
various plant extracts (Lee, 2000; Kabaru and Gichia,
2001; Ivoke, 2005; Chansang et al., 2005).

Hyptis suaveolens is a stocky tropical
aromatic herb (common name = wild hops) of the
mint family Lamiaceae (formerly Labiatae) possessing
creeping underground stem and hairy opposite leaves
(Oliver-Bever, 1986). The stem possesses flowers
that are nearly always two-tipped, the petals being
united to form a corolla tube bearing two or four
stamens. The sepals form a tubular calyx which
persists to surround the fruit which is usually a group
of four nutlets. There are two carpels, the style
arising from the base and dividing at the tip into two
stigmas. In Nigeria H. suaveolens is of high economic
and medicinal value and is employed widely for it's
mosquito-repellent property. In addition the essential
oil from the leaves have demonstrated antifertility
and irritant properties (Oliver-Bever, 1986; Zebovitz,
1989).

This study was designed specifically to
investigate the effects of aqueous and ethanolic leaf
extracts of H. suavoelens on the eggs and larvae of
An. gambiae complex vector of Plasmodium in
Nsukka, Nigeria.

MATERIALS AND METHODS

Preparation of Plants Extracts: H)ptis suaveolens
plants were collected around the Botanical, Zoological
Gardens and Faculty of Veterinary Medicine premises
all within the Nsukka campus of University of Nigeria.
The identity of the herb was confirmed by Professor
O.C. Nwankiti of the Department of Botany,
University of Nigeria, Nsukka. The Hyptis plants were
harvested, taken to the laboratory where the mature
leaves were plucked, dried under shade and ground
into powder.

Aqueous extract of the powdered leaves
was prepared by blending 100g of the leaf powder
with 500ml distilled water in a food blender. After 24
hours, the mixture was filtered and the filtrate
collected and stored in an all-glass reagent bottle as
stock solution for subsequent use in preparation of
other aqueous dilutions.

Ethanolic extract was prepared by
blending 100g of crushed and powdered leaves of A.
suaveolens with an aliquot 100ml of ethanol
(analytical). After 24 hours, ethanol was decanted
and the residue extracted again with 2 aliquots of
100ml of ethanol. The combined filtrate was
concentrated to dryness using a rotary evaporator.
The dried extract was then weighed and
reconstituted in ethanol. The reconstituted ethanolic
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extract was stored in an all-glass bottle and kept as
stock solution.

Source of Mosquito Eggs and Larvae: Mosquito
ovipositing sites used for the study consisted of 10
dark-coloured disposable plastic containers each
measuring 60 x 30 x 20 cm. Each of the containers
was filled with tap water and placed at different
shady positions within human living quarters. The
containers were observed daily and covered during
the daylight hours for protection but uncovered at
dusk. Water in the rearing containers was changed at
2-day intervals. The ova of the Anopheles gambiae
were obtained from the naturally occurring wild stains
reared in these plastic containers. The larvae of An.
gambiae were similarly harvested and bred in plastic
containers filled with tap water and fed ad /ibitum at
5 % vyeast suspension (larval food). Before
experimentation, normal hatching of the mosquito
eggs was observed by placing some eggs in a plastic
pan (20 cm) containing 1.0 litre of tap water and
pellets of 5 % yeast suspension to serve as food for
the larvae. It was observed that normal egg hatching
occurred within two days.

Bioassay: In preliminary acute toxicity tests crude
aqueous and ethanolic solutions were first screened
in a descending series of concentrations (1000, 500,
100, 50 and 5 mg/ml) to identify the lowest dose that
inhibited 100 % of the mosquito eggs from hatching.
Concentrations that caused 100 % inhibition in 500
mg/ml or less were selected for further testing to
calculate the median lethal inhibition dose (IHsp) of
egg hatching. Standard methodology was followed in
the determination of the lethal inhibition doses of egg
hatching and larval mortality (LCso) (WHO, 1986).

For bioassay, the methods of Rui-de Xue
et al. (2000) were followed. All bioassays were
conducted at ambient temperature of 29 £ 2 °C, 80
+ 5 % relative humidity under a photoperiod of 13:11
hour light: dark cycles. Controls were prepared with
100ml of distilled water only. The eggs and larvae
belonging to the peridomestic populations of An.
gambiae were carefully recovered from the rearing
containers with fine soft brush each morning,
identified and counted under the low power of a
binocular microscope.

Twenty (20) freshly laid An. gambiae eggs
were placed into separate 200 ml disposable plastic
cups each containing 100 ml of distilled water. Eggs
in both the experimental and control cups were
sourced from different rearing plastic containers to
avoid the effect of differently reared batches of eggs
and larvae (WHO, 1996). Five serial dilutions (10, 20,
30, 40 and 50 mg/ml of each of the aqueous and
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ethanolic extracts) were made from the stock
solutions. For treatment, 1ml of each concentration
(serial dilutions) of each extract was added to a
series of five cups, one cup maintained as control
received 1ml of distilled water. Treatments were
replicated 10 times. The content of each test cup was
stired gently with a glass rod to ensure
homogeneity. Percentage of egg viability and larval
mortality was calculated by dividing the number of
larvae that emerged from the eggs and / or died 24
and 48-h after treatment by the total number of eggs
laid. Abbot (1925) formula was employed to correct
percentage viability of eggs if control inhibition of egg
hatching was between 5 % and 20 %.

For larval bioassay aqueous and ethanolic
extracts of H. suaveolens were evaluated at the levels
of 20.0, 40.0, 60.0, 80.0, 100.0 and 120.0 mg/ml in
distilled water. Distilled water only was similarly used
as control as in the ovicidal bioassay using the WHO
(1996) test procedures. Twenty larvae were put into
each of 10 cups containing 100ml of the test solution
of each concentration.

Larval mortalities were counted at 24 hours
after treatment. Mortality served as the end point for
the tests and the results were used to determine the
LCsy value for the extract. The LCsq is defined as the
lethal concentration of the bioactive extract that kills
50 % of the test species. Larvae were considered
either alive (clearly moving normally) or dead (no
movement and no response to gentle probing with a
fine glass rod three times, 10 seconds each).

During the experimental period food was not
available to the larvae. Toxicity and activity were
reported as LCsy and LCy representing the
concentrations in microgram per microlitre that
caused 50 and 90 % larval mortality after 24 hours.

Data Analysis: Probit regression program in SPSS
version (SPSS Inc. Chicago, IL) was used to evaluate
the lethal inhibition dose of mosquito egg hatching
(IHsp) and the corresponding 95% fiducial limit. A 2 x
5 x 1 factorial split-plot design (Steel and Torrie,
1980) was employed for analysis of the larval data.
Factor 1 consisted of two treatment materials
(aqueous and ethanolic extracts), Factor 2 was five
application concentrations (0.1, 0.05, 0.01, 0.005 and
0.001%) of each extract, and factor 3 was one
exposure period (24 hours) of the An. gambiae larvae
to the test extracts. A computer-based probit analysis
(Finney, 1971) was used to analyse dosage response
of the larvae to the test materials. ANOVA (Analysis
of variance) was used to determine whether there
was a significant difference between the LCsy values
obtained for the aqueous and ethanolic solvents.

RESULTS AND DISCUSSIONS

The primary acute toxicity tests of the two extracts of
H. suaveolens to the eggs of An. gambiaese is
summarized in Figure 1. The freshly laid eggs of the
insect showed a somewhat similar susceptibility
response to the two test materials with an inhibition
to egg hatching (IHqp) range of 0.040 % (ethanolic
extract) to 0.073 % (aqueous extract) although the
ethanolic extract appeared to be more toxic to the
eggs as indicated by the corresponding IHsy and IHgg
values. Probit linear regression analysis performed on
the data showed that ethanolic and aqueous extracts
of the test plant significantly (F= 30.23, df= 5, p <
0.01; F = 45.28, df= 6, p < 0.01, respectively)
reduced the viability of the eggs of An. gambiae
exposed to the different doses of the extracts (Figure
1). Ethanolic extracts completely inhibited egg
hatching at a dose of 82.5/ug/ml whereas the
aqueous extract of the same dose could inhibit only
70.42 % eggs hatching (Figure 1). The lethal
inhibition dose of egg hatching (IHsy) was 31.52 and
48.01 pg/ml for the ethanolic and aqueous extracts
respectively.
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Figure 1: Relationship of

percentage of egg hatching of
Anopheles gambiae eggs to doses
of aqueous and ethanolic extracts
of Hyptis suaveolens

Thus although the aqueous extract appeared to
exhibit similar ovicidal efficacy against An. gambiae,
ethanolic extracts appeared to outperform the
aqueous extract as indicated by the slope (0.13 : 0.3)
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making both extracts candidates for further
investigation.

The lethal toxicity doses of both aqueous
and ethanolic extracts to the larvae of the test
mosquito are shown in Figure 2. Both the ethanolic
and aqueous extracts exhibited LCsy values of 62.58
(range 61.22 — 67.04) and 80.02 (range 77.55 —
86.41) respectively. The dose-response curves for the
two extracts were similar but differed by a magnitude
of approximately 10. This suggests that the two
extracts either contain similar active ingredients or
possess a similar mode of action, but with different
ovicidal and larvicidal intensity. In addition, the dose-
response results indicated that the two botanical
extracts had good performance when compared with
Azadirachta indica and A. Juss. (LCso = 57.1 mg/litre)
both which are considered to be the most potent
phytochemical pesticide when tested against larvae of
An. gambiae s.|. with synthetic tetranortriterpenoids

as control (Ndungu et al., 2004).
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Figure 2: Dose-response relationship

of the larval mortrality of Anopheles

gambiae exposed to aqueous and

ethanolic extracts of Hyptis

suaveolens
Generally, the results of the study further confirmed
that the efficacy of botanical extracts against
developmental stages of mosquitoes may be
influenced by factors such as extraction solvent
(Shalaby et al, 1998). It may therefore be inferred
from the results of the present study that the solvent
types (ethanol and water) selected for the extraction
processes affected the efficacy of the extract because
it has been demonstrated that different
phytochemicals of varying volatility usually constitute
the final extract (Shaalam ef a/, 2005). Earlier, Mulla
and Su (1999) had reported that ethanol extracts of
both Ruta graveolens and Haplophyllum tuberculatum
(LCsp = 230 and 20 ppm respectively) were more
toxic against Culex pipiens than petroleum ether
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extract (LCso = 380 and 87 ppm respectively). Apart
from the varying volatility, it has been shown that the
polarity of the solvents can also affect the
effectiveness of the extract (Mulla and Su, 1999;
Shaalam et al.,, 2005) although this factor generally
does not apply due to differences between the active
ingredients in the plants. In this study it would
appear that the ethanol solvent extracted more of the
efficacious phytochemicals possessing ovicidal and
larvicidal potentials from H. suaveolens than did the
aqueous solvent. In addition, the extraction process
with specific but different solvents may exert a great
influence on the resultant bioactivity due to the
polarity range of the solvents (Sukumar et a/, 1991;
Napolitano et al, 2005). Finally it could be inferred
from our results that aqueous and ethanolic extracts
of H. suaveolens besides possessing potent ovicidal
qualities may equally be utilized as larvicides for
purposes of controlling instars of An. gambiae and
possibly  other  dipterous arthropod  vector
populations. However, further fractionation and
compound isolation studies are needed to identify the
active phytochemical components of the extracts. The
plant extracts thus offer the promise of the creation
of another effective and affordable approach to the
control of insect vectors.
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