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Abstract: In this study crude leaf extract of Pyrethrum, Eucalyptus camaldulensis and Nicotiana tabaccum (Tobacco) were tested for
their larvicidal activity against Anopheles gambiae s.s. Giles (Diptera: Cidicidae), a member of Anopheles gambiae complex. Six
different solvents were used namely ethanol, methanol, dichloromethane (DCM), hexane, ethyl acetate and water (aqueous) for the
preparation of crude extracts from the plant leaves. The larval mortality of the late third instar larvae of Anopheles gambiae s.s Giles
after 24 hour of exposure were observed separately in control at 50,100,150,200,250,300, 350 and 400 ppm concentrations of the leaf
extract. The six different solvent extract of the plants showed good larvicidal activity. The highest potency was recorded by DCM extract
of Pyrethrum (LC50, 164.68 ppm, LC90 255.17 ppm) achieving 100% mortality of the third instar larvae. In a similar response the DCM
extract of Eucalyptus camadulensis recorded second highest activity at LC50 168.65 ppm and LC90 315.85 ppm causing a mortality of
100% .Ethanol extract of pyrethrum exhibited high larvicidal activity at 167.78 ppm against third instar larvae of An. Gambiae s.s.than
same extracts of Nicotiana tabaccum (189.58 ppm) and Eucalyptus camaldulensis (210.15 ppm). The rest of the extracts i.e. methanol,
hexane, ethyl acetate and aqueous exhibited a range of varying activities from 197.46 ppm (methanol) to 260.56 ppm (ethyl acetate).
There was no mortality observed in controls. A general observation made was that the third instar larvae were susceptible to all
treatments. The larvicidal activity of the treatments were dose and time independent and all of the volatile oils showed significant
larvicidal activity against Anopheles gambiae s.s. Giles larvae after 24 hours exposure. The LC50 and LC90 with their 95 percent
confidence limits of the oils were determined using log probit analysis test (Finney, 1971) (1). From these results it was observed that the
leaf extract of pyrethrum contain toxic compounds to mosquito larvae and therefore suggest that pyrethrum extract has potential in the
control of the malaria mosquito and can be developed and used. Further studies of these plants as possible agents for mosquito control
are recommended.
Keywords: Pyrethrum, Eucalyptus camaldulensis, Nicotiana tabaccum (Tobacco), Anopheles gambiae s.s., Anopheles gambiae complex,
solvents, crude leaf extract, concentrations, log probit, mortality, larvicidal activity, dose independent.

1. Introduction
Amongst the six members of Anopheles gambiae complex
which are competent in the transmission of malaria in subSaharan Africa two sibling species namely Anopheles
gambiae s.s. and Anopheles arabiensis (Diptera:Culicidae)
are the most widely distributed and best known as malaria
transmitters and sub-Saharan Africa suffers by far the
greatest malaria burden worldwide (Bryrne, 2007) (2).
Mosquitoes act as vector for most of the life threatening
diseases such as malaria, yellow fever, dengue fever,
chikungunya fever, filariasis, encephalitis, west Nile virus
infection and other more (3). Efforts are made in the
prevention and control of malaria vectors in the affected
regions by application of appropriate use of chemical
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insecticides in the field and indoor spraying of insecticides.
Of important use is also the eradication of adult mosquitoes
by long lasting insecticidal treated nets (LLINS), a method
found to act both as preventive and control approach. It is
observed that reiterated application of chemical insecticides
has the negative effect of developing resistance in malaria
vectors (3)(4).
Besides this chemical insecticides have the properties of
environmental persistence, are also unbiodegradable and
toxic. A good number of them tend to bioaccumulate in fact
tissues of organisms consequently becoming carcinogenic,
teratogenic, mutagenic and allergenic (5). For this reason
there is great need for the alternative strategies for the
malaria vector control of which plant extracts seem to take
lead as good products for vector control, especially in view
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of the fact that these natural products are biodegradable,
non-toxic and do not bioaccumlate in fat tissues of
organisms. They may not develop resistance in vectors,
however, if they do will be slow (6).
Pyrethrum is the most widely used botanical insecticide. It is
derived from the flowers of a plant in the genus
Chrysanthemum (Tanacetum), which belongs to the family
Compositae. This genus contains many species of which
only a few (e.g C. reseum and C. cinerariaefolium) produce
insecticidal substances which have been exploited at one
time or other. Most of the world’s supply of pyrethrum and
C. cinerariaefolium comes from Kenya, which produces the
most potent flowers (Moore and Levy, 1975) (7). Pyrethrin
as an insecticide in Kenya has been used in its solid
(mosquito coils), powder and liquid forms to control insect
vectors, however, scientific information on its application on
mosquito control is not documented other than Sulaiman et
al., (2001) (8) who have conducted laboratory bioassay on
Dengue/Dengue haemorrhagic fevers and Chagas disease
(Allan and Milley 1990) (9).
Eucalyptus is a diverse genus of flowering trees (and a few
shrubs) in the myrtle family, Myrtaceae, members of the
genus dominate the tree flora of Australia. There are more
than 700 species of eucalyptus mostly native to Australia
and a very small number are found in the adjacent areas of
New Guinea and Indonesia and are as far as north as the
Philippine archipelago and Taiwan (Blakely, 1965; Benett,
2010) (10)(11). Only 15 species occur outside Australia, and
only 9 do not occur in Australia. However, eucalyptus are
cultivated throughout the tropics and sub-tropics including
the Americas, Europe, Africa, the Mediterranean Basin, the
Middle East, China and the Indian subcontinent
(Gledhil,2008)(12);
(en.wikipedia.org/wiki/Eucalyptus.
Retrieved 13.10.2011. Eucalyptus have many uses which
include soil drainage to reduce malaria and the oil of various
eucalyptus species stands best investigated amongst the
three oils of this study on various mosquito species: Ramar
et al., (2014) (13), Ghosh et al., (2012) (14 ), Medhi et al.,
(2010) (15), Escatin and Mariani (2014) (16), Bilal et al.,
(2012) (17), Taher et al., 2012 (18), Bossou et al., (2013)
(19), Navenahiran et al., (2014) (20), Tandon and Anita
(2014) (21), Uthayarasa et al., (2010) (22), Abdullahi and
Singh (2014) (23), Wada, A. (2014), (23), Karthikiyan et al.,
(2012) (24), Hazrat et al., (2012) (25) Pugazhvendan et al.,
(2013) (26) Cheng et al., (2009) (27), Nair et al., (2014) (28)
and Sengottyan Senthil Nathan (2007) (29) among others.
The word tobacco may refer either to the various species of
broad-leafed plants comprising the genus Nicotiana of the
nightshade family or to the dried leaves of these plants.
There are more than 70 species of tobacco, of which 45 are
native to the Americas (http://www.lycos.com/info/tobaccoplants (30), retrieved March 4.2015). Nicotiana tabaccum is
not found wild and may be hybrid of other species. In
consumption it most commonly appears in the forms of
smoking (cigarettes or pipe), cigars, chewing, snuffing, or
dipping
tobacco,
or
snus/snuff,
(http://en.wikipedia.org/wiki/tobacco#cite-ref
1(31),
retrieved March 4,2014. The poisoning principle in tobacco
is an alkaloid nicotine, which in the pure state is a colourless
fluid, slightly heavier than water. “Black leaf” is a
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concentrated tobacco extract containing 40% nicotine
sulphate and is used at strengths varying from one part in
800 parts of water to one part in 1600 parts to kill insect
vectors of disease. Nicotiana rustica (wild tobacco) contains
about 10 times the nicotine of N. tabaccum
(http://en.wikipedia.org/wiki/Tobacco#cite-ref1
(32),
retrieved March 4,2015. The leaf extract of Nicotiana
tabaccum has been tested against mosquito larvae and have
shown excellent results (Olofintoye et al., 2011) (33) ,
Puripattanavong et al., (2013) ( 34), Ru et al., (2012) (35),
Priyanka et al., (2013) (36) , In these bioassays it has been
demonstrated that concentration of essential oils is inversely
related to mortality time. This association could be due to
the increase of uptake of active ingredients by mosquitoes
(Kabir et al., 2003) (37). In these earlier tests (13-29) it was
observed that when mosquitoes were exposed to higher
concentrations for 5-30 minutes, almost all showed signs of
paralysis lying at the bottom of the bottle. But the modes of
actions of plant products could be different from the existing
insecticides for vectors control (Mcallister and Adams,
2010) (38).

2. Materials and Methods
2.1 Collection of plant materials and extraction of
essential oils
A total of three plants were selected for use in these tests and
were collected from various sources in Kenya in the month
of May 2015. Pyrethrin (1 litre) as crude extract was
purchased from Pyrethurm Board of Kenya (PBK), Stanley
Mathenge Road, Nakuru, Kenya as a reserve extract. From
the same Board 5kg of dried pyrethrum flowers were as well
purchased to be able to extract crude oil using similar
solvent as those for Eucalyptus camaldulensis and Nicotiana
tabaccum. PBK is a pyrethrum processing and marketing
industry located 98 miles (156.8 km) east of Eldoret
municipality and similar distance west of Kenya capital city,
Nairobi. Eucalyptus leaves from mature gum trees
(Eucalyptus camaldulensis) were collected from Molo subcounty, Kenya a distance of 68 miles (108.8 km) east of
Eldoret and 30 miles (48 km) west of Nakuru. Tobacco
leaves from the tobacco plant Nicotiana tabaccum were
purchased from Mr. Meshack Wasike tobacco farm in
Malakisi Location, Bungoma county, Kenya, a distance of
88 miles (140.8 km) west of Eldoret municipality and 15
miles (24 km) to the boarder of Kenya and Uganda.
Pyrethrum which was purchased from PBK and extracted as
crude oil using hexane was stored at 40C in airtight amber or
blue bottle until later when required for use. The dried
pyrethrum flowers (Compositae cinerariaefolium one grown
in Kenya) was extracted for pyrethrin mechanically using a
commercial stainless steel blender, then 1 kg of powdered
leaves was mercerated using six nonpolar to polar solvents:
dicholomethane (DCM), ethyl acetate, ethanol, methanol,
hexane and aqueous and similarly were stored under 40C
until required for use. The leaves of Eucalyptus
camaldulensis, and Nicotiana tabaccum (2kg each) were
dried in shed for 20-30 days. The dried leaves were then
separately powdered mechanically by the same commercial
electrical stainless steel blender. One kg of each powdered
leaves was extracted successfully by merceration using six
nonpolar to polar solvents namely hexane, dicholoromethane
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(DCM), ethyl acetate, ethanol, methanol and water
(aqueous). In each solvent the plant material was soaked for
48 hours at 350C and filtered twice first using a fine cloth
and then using Whatman number 1 filter paper (12x15cm) to
obtain the extract and to the residue the same solvent was
added again. The procedure was repeated twice to obtain
maximum extract. The extracts were concentrated at reduced
temperature using a rotary vacuum evaporator and stored in
air tight amber or blue bottles at 40C until when required for
use.
From the stock solutions of the extracts, varying
concentrations of each extract were prepared and these
concentrations were used for larvicidal bioassays. All
chemicals used in this study were of extreme pure grade
obtained from Kenya Medical Research Institute (KEMRI),
Kisumu, Kenya.
2.2 Mosquito Collection
Larvae of Anopheles gambiae s.s. Giles mosquito were
grown in a laboratory ( insectary) at the Human Anatomy
Department, School of Medicine, Moi University, Eldoret.
Using a mouth aspirator, male and female adult Anopheles
gambiae s.s. Giles mosquitoes were collected into test tubes
from Langas sub-urban area and taken for rearing in the
laboretory. The mosquitoes were placed in cages (30 x 30 x
30cm) in the ratio 3:1 male:female and were fed on 10%
sucrose solution soaked in cotton wool. The rearing was
carried out at a temperature of 27± 20C and 70-80% Relative
Humidity (RH). The larvae were maintained under
favourable conditions of larval rearing (temperature 27±20C,
RH 70-80%. Larvae were fed in the laboratory with brewers
yeast, dog biscuits and algae (3:1:1) on water surface.

1gm of the concentrated plant extract and dissolve in 100ml
of 1:1 acetate: diethyl sulphoxide (DMSO) and consider as
1% stock solution. From this stock solution varying
concentrations as indicated above but expressed as percent
could be prepared for use in larvicidal bioassays).
Third instar of Anopheles gambiae s.s. Giles were exposed
to these broad range of test concentrations of each leaf
extract to determine the activity range of each extract.
Susceptibility tests were carried out using WHO insecticide
susceptibility test-kits (however, slightly modified) and
standard procedures (1981) (40). The laboratory reared
(27±200C and 75±5% RH) late third instar larvae of
Anolpheles gambiae s.s. Giles were used for experiments.
By use of a mouth aspirator batches of 25 late third instar
larvae were transferred to 300 ml wide mouth disposable
bowls containing serial concentrations of each plant extract.
Four replicates were performed for each concentration.
Larvae were confirmed dead when they failed to move after
probing them with a needle at their cervical region.
Moribund larvae were those incapable of rising to the
surface when the test solutions were disturbed gently.
Moribund larvae were counted after 24 hours of exposure
(and added to dead larvae WHO, (2005) (41) and percentage
mortality was calculated for each test as follows:Number of dead larvae ÷ Number of larvae introduced ×
100.
The final percentage was calculated from the average of four
replicates. Solutions containing unchlorinated tap water and
1:1 v/v acetone: DMSO but without the plant extract, served
as controls. The control mortalities were corrected by using
Abbott’s formula (1925) (42).

2.3 Larvicidal bioassays

2.4 Statistical Analysis

Larvicidal activity of each extract derived from the leaves of
Pyrethrum, Eucalyptus camaldulensis and Nicotiana
tabaccum (Tobacco) were tested. The test medium (250ml
glass beakers) was prepared by adding 1ml of appropriate
dilution of essential oil in ethanol and mixed with 249 ml of
distilled water to make up 250ml of test solution
(Dhamagadda et al, 2005) (39). Note that as the essential oil
does not dissolve in water, it was first dissolved in ethanol
(99.0%). From the standard solution varying concentrations
of each extract by dilution with distilled water, was prepared
in various concentrations of 50, 100, 150, 200, 250, 300, 350
and 400 ppm and these concentrations were used for
larvicidal bioassays (An alternative to this method is to take

The average larval mortality data were subjected to Probit
analysis for calculating LC50 and LC90 and other statistics at
95% fiducial limits of upper confidence limits (UCL) ad
lower confidence limit (LCL) and chi-square values were
calculated using the SPSS 18.0 (Statistical Package of Social
Sciences) software – Finney,( 1971) (1).

3. Results
The results of larvicidal efficacy are shown in Table 1. The
results showed that all the

Table 1: Larvicidal efficacy of crude oil (leaf extracts) of Pyrethrum (Compostae cinerariaefolium), Eucalyptus
camaldulensis Sm. (Myrtaceae) and Nacotiana tabaccum (Tobacco) against the malaria vector Anopheles gambiae s.s. Giles
(Diptera: Culicidae).
Plant
Pyrethrum

E. camald Ulensis
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Part
used
Leaf

Extract
solvent
Ethanol
Methanol
DCM
Hexane
Ethyl acetate
Aqueous
Leaf
Ethanol

LC50(ppm) fiducial limit

LC90(ppm) fiducial limit

Chi-square

DF

187.78 (179.78–196.53)
222.45 (209.85-238.71)
164.86 (161.57-176.28)
230.66 (214.79-252.67)
227.56 (219.77-269.96)
247.84 (233.37-267.72)
210.15 (193.88-232.07)

268.26 (247.89-298.53)
331.68 (304.33-371.87)
255.17 (235.79-283.96)
364.86 (328.04-421.73)
347.38 (317.68-391.95)
318.56 (292.26-356.96)
335.58 (307.90-376.24)

4.5217
10.645
14.258
19.5759
19.5759
18.6202
4.6621

7
7
7
7
7
7
7
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Methanol
DCM
Hexane
Ethyl acetate
Aqueous
Nicotiana tabaccum Leaf
Ethanol
Methanol
DCM
Hexane
Ethyl acetate
Aqueous

197.46 (189.61-208.69)
168.65 (152.44-176.95)
198.56 (181.66-220.45)
260.56 (240.77-289.96)
259.58 (239.87-288.87)
189.58 (181.50-298.42)
224.35 (211.73-240.86)
229.72 (216.80-246.63)
235.85 (221.25-240.53)
201.52 (191.00-213.84)
258.42 (238.79-287.58)

Three plant leaf extracts (Pyrethrum, Eucalyptus
camaldulensis and Nicotiana tabaccum ) against third instar
larvae of Anopheles gambiae s.s. Giles, showed significant
larvicidal activity at 0.05 level of significance. DCM leaf
extract of pyrethrum was the most effective mosquito
larvicide which presented the highest percentage (100%)
mortality on LC50 at 164.86 ppm after 24 hours of exposure.
Of the determined larvicidal effect of the three plant leaf
extracts against third instar larvae of Anopheles gambiae s.s.
Giles, LC50 values of DCM extracts of pyrethrum and
eucalyptus were 164.86 ppm and 168.65 ppm respectively.
Notably ethanol extract of pyrethrum had a remarkable
lavicidal activity against third instar larvae of An. gambiae
s.s. Giles as well than the corresponding solvent of
Eucalyptus camaldulensis and Nicotiana tabaccum with
LC50 values of 210.15 ppm and 187.58 ppm respectively and
exhibiting a mortality of 94.58% and 88.76% respectively.
Other than DCM extracts of all plants showing the highest
larvicidal activity, the single plant solvent extract ranges of
larvicidal activities were observed that the ethanol extract of
pyrethrum had higher larvicidal activity (187.78 ppm) then
ethanol of Nicotiana tabaccum, methanol of Eucalyptus
camaldulensis, hexane of Eucalyptus camaldulensis, ethyl
acetate of Nicotiana tabaccum,and ethanol of Eucalyptus
camaldulensis in that order with the LC50 values of 189.58
ppm, 197.46 ppm, 198.56 ppm and 201.50 ppm and 210.15
ppm respectively. The results also indicated that the
methanol extract of Eucalyptus camaldulensis (197.46 ppm)
exhibited higher larvicidal activity than those of pyrethrum
(222.45 ppm) and Nicotiana tabaccum (224.35 ppm)
achieving mortality of 92.45% and 90.38% respectively on
24 hours exposure. The aqueous extract of pyrethrum,
Eucalyptus camaldulensis and Nicotiana tabaccum exhibited
low larvicidal activities with LC50 values of 247.84 ppm,
259.58 ppm and 258.42 ppm respectively enabling mortality
of 89.74%, 86.56% and 79.55% respectively after 24 hours
treatment. Control experiment indicated that the mixture of
unchlorinated tap water and 1:1 v/v acetone: DMSO did not
show any effect on the mortality of third instar larvae of An.
gambiae s.s. Giles.
All the three essential oils showed concentration dependent
larval mortality. Pyrethrum oil was the most effective
treatment.

4. Discussion
The findings of the present study suggest that larvicidal
attributes of the three essential oils against Anopheles
gambiae s.s establishes their potential for control of the
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329.68 302.40-369.52
315.85 (292.84-348.10)
338.85 (310.91-379.91)
347.38 (317.68-391.95)
390.48 (367.25-437.70)
320.75 (294.27-359.41)
332.75 (305.31-373.07)
342.64 (313.35-386.59)
314.70 (291.77-346.54)
322.84 (296.18-361.75)
393.36 (350.44-462.19)

13.256
10.453
9.5033
14.0773
6.7556
3.546
3.8642
15.5740
4.6542
14.0773
6.4444

7
7
7
7
7
7
7
7
7
7
7

mosquito colonies. The 100% larval mortality of the late
third instar larvae of Anopheles gambiae s.s. were observed
in pyrethrum DCM extract (LC50 164.86ppm, LC90
255.17ppm), Eucalyptus camadulensis DCM extract (LC50
168.65ppm, LC90 315.85ppm) and Nicotiana tabaccum
ethanol extract (LC50 189.58ppm, LC90 320.75 ppm). The
oils seem to have specific traits which need be manipulated
in order to protect human health from vectors of disease. It is
reported that more than 2000 plant species are documented
to have chemicals with pest control characteristics (Ahmed
et al, 1984) (43) and of these 344 species of native plants
have been known to possess some level of activity
particularly against mosquitoes (Sukumar et al. 1991) (44).
Although Anopheles gambiae s.s. has not been tested against
pyrethrin and nicotine essential oils, Eucalyptus
camaldulensis has been in the past tested on other mosquito
species other than Anopheles gambiae s.s. with impressive
results (Cheng et al, 2009) (27). Oils tested demonstrated
significant larvicidal activity on Anopheles gambiae s.s.
larvae ( Cheng et al., 2009; Wada and Singh,2014; Bilal et
al., 2012; Alejandro and Masuh, 2008; among others )
(27,23,17,48). Testing the plant crude extracts against
mosquito can lead to identifying potential bioactive
compounds that can be used as larvicides to control
mosquitoes (45 ). It is reported that mosquito programmes
can be easily carried out targeting larval stages as they are
confined to water bodies which are mainly manmade and
can be located (46).
The control test showed no larval mortality on any of the test
periods. A gradient of increasing mortality with increasing
concentration was observed in all treatments. The higher
activity of DCM extract of pyrethrum, Eucalyptus
camaldulensis and Nicotiana tabaccum may be due to the
presence of bioactive components against third instar larvae
of Anopheles gambiaes.s. Giles. Further, semi-polar solvents
had ability to dissolve polar and non polar compounds (47).
In this case DCM is semi- polar solvent and polar and nonpolar compounds can be dissolved in the DCM crude
extracts of all tested plants. Therefore the presence of polar
and non-polar active compounds in the DCM extract makes
it of higher larvicidal activity than others. This work
demonstrates the potency of pyrethrum, Eucalyptus
camaldulensis and Nicotiana tabaccum in the control of
mosquito larvae and therefore the results obtained suggest
that the essential oils are promising as larvicides against
Anopheles gambiae s.s. larvae.

5. Conclusion
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The use of plant essential oils in vector control is an
alternative control method for minimizing the effects of
persistence, bioaccumulation and toxicity caused by
chemical compounds used as insecticides in the
environment. In complement to this statement the results
obtained suggest that the essential oils are promising as
larvicides. Consequently, dichloromethane extract of
pyrethrum and Eucalyptus camaldulensis posses higher
larvicidal activity than other solvent extracts of the three
plants against third instar larvae of Anopheles gambiae s.s.
Giles. Therefore, purification of bioactive molecule from the
DCM extract of pyrethrum and Eucalyptus camaldulensis is
of importance in order to isolate the bioactive components in
these oils. Further studies on the larvicidal efficacy of these
plant extracts against different vector mosquitoes of human
disease are needed.
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