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ABSTRACT

Background: Malaria is a serious health problem in many countries of the world especially sub-
Saharan African. Anopheles mosquito which is the vector of this disease has developed resistance
against synthetic pyrethroids which are the main stay of insecticide treated bed nets. The
development of insecticide resistance and side effects associated with synthetic pesticides has
triggered intense research efforts towards natural products.

Aim: This study aimed at investigating quality and quantity of phytochemical constituents of
Ocimum canum leaf extract and determined larvicidal effect of essential oil component of this plant
extract on 3" instar larvae stage of Anopheles gambiae.

Methods: The essential oil was extracted by hydro-distillation using Clevenger type apparatus.
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to essential oil extract.
Conclusion:
mosquito larvicidal compound.

Standard methods previously described by other authors were used to determine the quality and
quantity of phytochemical components of the plant and larvicidal bioassay method was used to
determine the effect of essential oil of O. canum on the mosquito larva.

Results: The analysis of the phytochemical revealed the presence of the following compounds:
Tannin, phenol, saponin, trepenoid, alkaloid, steroid, and flavonoid, with the following quantities
22.14, 19.83, 14.08, 10.97, 8.16, 3.40 and 5.29 mg/g respectively. The mosquito larvicidal bioassay
showed LCs, and LCq values of 49.51 and 103.54x10° mg/ml respectively after 24 hours exposure

The results obtained showed that the essential oil of O. canum is a promising

Keywords: Anopheles mosquito; Ocimum canum; essential oil; phytochemicals; larvae.

1. INTRODUCTION

Malaria is one of the world's most common and
severe tropical diseases transmitted mainly by
the female Anopheles gambiae mosquito.
According to Breman et al. [1] and Snow et al.
[2], more than 300 millions of people are infected
with malaria annually. This infection is estimated
to cause approximately 1.5 to 3 million deaths
globally each year, with about 90% of all
infections mainly affecting pregnant women and
children under 5 years of age [3], occurring in
sub-Sahara Africa. Despite considerable efforts
to eradicate or control malaria, no effective
malaria vaccine is yet available [4]. The parasites
develop quick resistance to many effective drugs.

However, vector control has been touted as
primordial and an essential means of controlling
transmission of not only malaria; but also several
other mosquito-borne diseases such as yellow
fever, dengue fever, filariasis and Japanese
encephalitis [5,6]. Due to the concern over the
quality and safety of life and the environment, the
emphasis on controlling mosquito vectors has
shifted steadily from the use of conventional
chemical insecticides towards alternative
insecticides that are target-specific,
biodegradable, and environmentally safe; and
these are generally botanicals in origin.

A lot of phytochemicals extracted from various
plant species have been tested for their larvicidal
and repellent actions against mosquitoes [7].
This has propelled the search for and use of eco-
friendly plant based products for the control of
insects such as mosquitoes [8]. Hence, there is a
renewed interest in the exploration and use of
plant products with insecticidal properties for
mosquito control.

The essential oil of aromatic plants is very
important sources of many compounds that are

useful for medicine and other applications [9].
Essential oils are simply volatile fractions
obtained by steam or water distillation of
aromatic plants [10]. Essential oils have received
considerable renewed attention as potent
bioactive compounds against various species of
mosquitoes. They are potentially suitable for
application in larval control management
because they constitute a rich source of bioactive
compounds that are effective and naturally
biodegradable into non-toxic products [11-13].

Plants are the richest resource of drugs of
traditional systems of medicine. In modern
medicines, plants are particularly useful as
sources of food supplements and pharmaceutical
intermediates for synthetic drugs [14]. Traditional
medical system has great value for plants and
many medicinal plants have been identified from
indigenous pharmacopoeias, because plants are
still making imperative contribution to healthcare
regardless of modern medicines; and they are
known to possess many advantages [15].

The medicinal values of plants lie in their
phytochemicals, which produce  definite
physiological actions on the human body. Some
phytochemicals have antioxidant property, while
others have hormone-like effect which helps in
fighting against many diseases including cancer,
heart disease, diabetes, high blood pressure and
preventing the formation of carcinogens on their
target tissues [16].

The genus Ocimum belongs to lamiaceae family
and is found in many parts of the world especially
in tropics and sub-tropical regions of Asia, Africa
and Central and South America. It is a source of
essential oils and aromatic compounds, a
culinary herb and an attractive, fragrant
ornamental plant [17]. O. canum is considered as
a sacred plant and its various medicinal
properties have been mentioned in ancient



medicinal test, Ayurveda [13]. Different parts of
this plant are used for treatment of various
ailments.

The distribution of Ocimum canum depends on
the climatic conditions [17]. The plant has been
identified as a medicinal plant in Nigeria and
other parts of Africa to treat conjunctivitis,
malaria and headache [17]. It has also been
used to manage diabetes mellitus in Ghana [18].

Most of previous researches on larvicidal activity
of essential oils of aromatic plants were done
against Aedes aegypti and Culex
qguinquefasciatus larvae that are not vector of
malaria [19], while others worked on other
species of Ocimum such as Ocimum basilicum
and Ocimum sanctum [20]. The prevention of
mosquito breeding through the use of larvicidal
compounds is the more effective way to fight
mosquito imposition than against the adult stage.
In addition, recent increased interest in
developing plant insecticides as an alternative to
chemical insecticides has motivated this
research work. This research was carried out to
elucidate the phytochemical components of
extracts of Ocimum canum and investigate the
larvicidal activity of extracted essential oil of the
plant against larvae Anopheles gambiae.

2. MATERIALS AND METHODS
and

2.1 Collection, Identification
Maintenance of Plant Materials

Ocimum canum leaves were collected from
Okoru village of Moro Local Government area of
Kwara State, Nigeria. It was identified and
authenticated by a plant taxonomist from the
Department of Botany, Obafemi Awolowo
University, lle-Ife, Nigeria with a voucher number
A20695.

All the plant leaves needed for the test were
rinsed with distilled water and air dried to
crispiness at room temperature on the laboratory
work bench within a week. The dried leaves were
grinded to powdered form using an electric
blender (Binatone, Japan) and stored in an
enclosed container in the refrigerator.

2.2 Breeding, Collection, Identification
and Maintenance of Mosquito Larvae

Using the dipping technique WHO [21] 30 litres
of 10 plastic rubber containing water was set in
stagnant pool of water bodies in Malete
community to breed the mosquito larvae. Large
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numbers of mosquito larvae were harvested
within a period of 5 to 7 weeks. By gently dipping
a clean container with a fairly long handle into
the stagnant water containing the mosquito
larvae, the larvae were collected, ensuring that
human shadow was kept away from the water
body, this is because larvae are sensitive to
darkness and this tends to make them dive away
from the surface to the bottom of the water body.
The larvae collected were transported to the
laboratory in small basins. The larvae were
identified by an entomologist in the Department
of Zoology, Kwara State University, to be third
instar larvae of Anopheles gambiae. It was then
kept and properly maintained in order to
determine its susceptibility to the essential oil
extracts of O. canum leaves.

2.3 Preparation of the Leaf Extract

Extraction of the leaves was prepared following
the method of [11], by adding 25 ml of methanol,
ethanol and aqueous solutions to 0.5 gram of
powder leaves each contained in a covered 50
ml centrifuge tube; this was shaken continuously
for 1 hour at room temperature. The mixture was
centrifuged at 3,000 rpm for 10 minutes, and
then the supernatant was collected and stored at
4°C for further analysis.

2.4 Phytochemical Screening of the Leaf
Extracts of Ocimum canum

Ethanolic, methanolic and aqueous extract of
Ocimum canum leaves were subjected to
phytochemical analysis using standard
techniques described by Odebiyi and Sofowora
[22]. The detection of steroids, saponins,
phenolics, tannins, flavonoids, terpenoid and
alkaloid were carried out as previously described
by Trease and Evan [23], Hiai et al. [24], Kale et
al. [25], Padmaja, [26], Kale et al. [25],
Harbourne, [27] and Singh et al. [28]
respectively. Methanol extract of O. canum was
used for quantitative of phytochemicals. The
guantitative analyses were for steroids, saponins,
phenolics, tannins, flavonoids, terpenoid and
alkaloid were carried out with methods of El-
Olemy et al. [29], Makkar [30] Chan et al. [31],
Padmaja [26], Kale et al. [25], Doneva-Sapceska
et al. [32] and Singh et al. [28] respectively.

2.5 Extraction and Isolation of Essential
Oil

Two hundred and fifty grams (250 grams) of the
air-dried leaves of Ocimum canum was subjected



to hydro distillation for 3 hours using a Clevenger
type apparatus (Soham Scientific, UK). Sodium
chloride (1 gram) and 20 mL of dichloromethane
was added with the aqueous distillate in a
separating funnel and shaking was continued for
40 minutes and this was allowed to stand for 15
minutes. The organic layer was separated and
concentrated under reduced pressure. The oils
dissolved in the organic layer was dried over
anhydrous sodium sulphate and preserved in a
sealed vial at refrigerated temperature until
further analysis.

2.6 Mosquito Larvicidal Bioassay

The larval toxicity test was carried out following
the standard World Health Organization [32]
larval bioassay method [32], with slight
modifications. Since oil does not dissolve in
water, it was first solubilized in dimethyl-
sulphoxide (DMSO), and diluted with spring river
water to a stock solution of 250 mg/mL. Serial
dilution of the stock solution were done at
different concentrations which include: 250, 200,
150, 125, 100, 75, 45, 35, 17.50, 7.95, 3.72x 10°
mg/mL. The concentration of DMSO was kept
below 1% since at this level it does not affect
larval mortality. The bioassays were performed
with third instar larvae of Anopheles gambiae.
Three replicates were set up for each
concentration, and equal numbers of controls
were set up simultaneously using local spring
water in 1% DMSO. The larvae were collected by
direct pipetting from the plastic trays and
transferred to 25 ml disposable Petri-dishes
containing 10 ml of test solution and fed on cray
fish feed during all testing. Ten larvae were
placed in each Petri-dish. The mortality and
survival in each plastic tray was counted after 24
hours. Larvae were considered dead if they were
unmovable within a period of time, even when
gently prodded with a micropipette. The dead
larvae in the three replicates were combined and
expressed as the percentage mortality for each
concentration.

2.7 Statistical Analysis

The average larval mortality data were subjected
to probity regression methods for calculating
LCso and LCy at 95% fiducial limits of upper
confidence limit and lower confidence limit using
IBM SPSS software version 16.

3. RESULTS

The phytochemical screening of the ethanol,
methanol and aqueous extracts of O. canum leaf
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revealed the presence of tannin, saponin,
alkaloid, flavonoid, trepenoid, steroid and phenol.
The larvicidal bioassay of the extracted essential
oil revealed mortality rate. Qualitative analysis of
the ethanol and methanol extracts showed the
presence of all the tested phytochemicals in
O. canum leaves, compared to the aqueous
extracts that showed that saponin, alkaloid and
trepenoid were absents. In methanol extracts, all
the phytochemicals were most present except
steroids; in ethanol extracts only tannins and
phenol were most present (Table 1). The
guantitative analysis of Ocimum canum leaves
showed that tannin and phenol had the highest
phytochemicals content that account for 22.14
and 19.83 mg/g respectively; while steroids had
a lower composition of all the phytochemicals
with the value of 3.40 mg/g (Table 2).

Essential oil of O. canum leaves showed good
larvicidal activity against the third instar larvae of
A. gambiae after 24 hours of exposure. Larvicidal
bioassay concentration at 250 x10° mg/ml which
was the highest concentration had the highest
lethal effect followed by the subsequent
concentrations, but least concentration which
were 17.50, 7.95 and 3.72 x107° mg/ml had no
effect, as well as on the controls which was the
spring water and DMSO. The percentage
mortality, mean and standard deviation of the
three replicates and the average larval mortality
data were subjected to probity regression
methods for calculating LCsg and LCgyy at 95%
fiducial limits of upper confidence limit and lower
confidence limit which accounted for the value of
4950 and 103.54x 10° mg/ml respectively
(Table 3).

4. DISCUSSION

Many plant extracts produce lethal effects on

various stages of mosquitoes such as
oviposition, ovicidal, larvicidal, pupicidal and
adulticidal. The effects of phytochemical

components of O. canum on larvae of Anopheles
gambiae were influenced by extrinsic and
intrinsic factors, that can only be found in
phytochemical components of the leaf [33]. Our
result also showed that the higher the
concentration of essential oil of O. canum applied
the higher the number of larvae killed. At the
concentration of 250 mg/ml all the larvae of the
mosquitoes were Killed. This is similar to the
result obtained by Pugazhvendon and Elumali,
[33] that showed highest larval mortality at high
concentration of 400 ppm, though they used a
different plants and mosquito species.
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Table 1. Qualitative analysis of phytochemicals in O. canum
Extraction Tannin  Saponin  Alkaloid Flavonoid Trepenoid Steroids Phenol
solvent
Ethanol +++ + + ++ + ++ +++
Methanol +++ +++ +++ +++ ++ + +++
Agueous + - - + - + +

Key: += present, ++ = more present, +++ = most present and - = absent

Table 2. Quantitative analysis of phytochemicals in

O. canum leaves methanolic extract

Quantities of phytochemicals (mg/g)

Phenol steroids Flavonoids

Tannin

Saponins Alkaloids Terpenoids

19.83 5.29 22.14

14.08

8.16 10.97 3.40

Table 3. Larvicidal activity of essential oil of

O. canum leaves against third instar larvae of

A. gambiae after 24 hours of exposure

Concentration Mean % Mortality #SD  LCso (x10° mg/mL)  LCgo (x10° mg/mL)
(x10° mg/mL) mortality

3.72 0.0000 0.00z0.00 49.50 (41.64-58.28) 103.54 (87.50-123-54)
7.95 0.0000 0.00z0.00

17.50 0.6667 3.33£1.00

35.00 3.0000 15.00£1.00

45.00 5.3333 26.67+0.58

75. 00 7.3333 36.67+0.78

100.00 10.0000 50.00+1.00

125.00 12.3333 63.33£2.08

150.00 15.3333 81.67+2.08

200.00 18.6667 95.00+£1.00

250.00 20.0000 100.00£0.00

Control 0.0000 0.00+0.00

From the mosquito bioassay analysis result
obtained, the essential oil of O. canum plant
exhibited mortality at LCsy and LC o at
49.50 mg/L and 103.54 mg/L respectively against
A. gambiae. This is similar to reports from earlier
studies on activity of essential oil from
Fagaropsis angolensis (Rutaceae) plant against
the third instar larvae of A. gambiae exhibited
LCsy and LCq value of 837 mg/L and
324.0 mg/L, respectively by Mudalungu et al.
[34]. Kweka and colleagues [35] also reported
larvicidal activity of Plectranthrus. amboinicus
essential oil against late third instar larvae of
A. gambiae and observed LCsy and LCgy values
of 67.53 and 107.60 ppm, respectively.

The present study has shown that the essential
oil of O. canum has larvicidal activity against
A. gambiae. It could be used selectively in places
where water is stagnant and may affect the
fertility of adults emerged from larvae exposed to
oil [36]. However, further study is still needed to
determine which of the seven phytochemical
components detected in essential oil of Ocimum

canum produce larvicidal effect. Study by
Omibito and his colleagues [7] was able to
further break down the components of essential
oil present in Zanthoxylum gilleti into over 50
compounds, however the research did not
determine which of these compounds is
responsible for larvicidal activity.

5. CONCLUSION

In conclusion, this study and others [7,37,38] on
essential oil of aromatic plants have revealed
that products based on these plants can be used
to control population density of this important

vector (A. gambiae) of sub-Saharan Kkiller
disease-Malaria.
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