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ABSTRACT

Malaria is a major public health problem and its prevalence is dependent on mosquitoes. There is
an increased interest in developing plant-based insecticides as sustainable alternatives to
chemical insecticides for the control of mosquitoes. The potential of Moringa plant as a larvicide
against the malaria vector, Anopheles gambiaes. S was evaluated and its effects on mosquito fish
were also studied. Toxic components in Moringa oleifera seeds were extracted using; five aliquots
of concentrations ranging from 1160-8700 pg/ml were prepared by serial dilutions from the
extract. Three independent laboratory procedures were run in quadruplicate in which third instar
larvae of Anopheles gambiaes. S was exposed to different concentrations and a control group
was exposed to distilled water. The fishes were exposed to three graded treatment of the aqueous
extract in two experiments run in triplicate. Behavioral changes were observed for 24 hours. From
the larval bioassay, the extract presented a 72hour- LC50 and LC90 of 1885.4 ug/ml, 3902.4
pg/ml respectively, (p<0.05), causing 99.33+1.15%mortality at 8700ug/ml. The toxicity assay
showed that the guppy fishes exhibited varying degrees of changes as a result of the exposure to
treatment unlike in the control. The results obtained show that Moringa seed extract has larvicidal
potentials for Anopheles gambiaes. S with observed little or no toxicity effects on the non target,
guppy fish. The effectiveness of Moringa seed extract makes it a viable larvicide. Moringa-based
larvicides may provide cheap and readily available alternative to synthetic insecticides.
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INTRODUCTION

Malaria is a severe public health problem that is primarily transmitted by mosquitoes belonging to
the genus Anopheles. It is a leading cause of death and disease in mostly developing countries
including Nigeria, where young children and pregnant women are the groups most affected and
accounts for 25% of U-5 mortality, 30% of child mortality and 11% of maternal mortality. At least
50% of the population has at least one episode of malaria annually, while children that are aged
below 5 years (about 24 million) have 2 to 4 attacks of malaria annually. It is also the reason for
hospital attendance in 7 out of every 10 patients seen in Nigerian hospitals (FMH, 2005).

Vector control is recognized as the major means of combating mosquito-borne diseases of public
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health importance. However, prolonged exposure to synthetic insecticides increases
development of resistance mechanisms in the mosquitoes, hence leading to the resurgence of
malaria and mosquito-borne diseases in different communities, deleterious effects on non target
organisms, while other limiting factors include cost and environmental pollution concerns (Brown
1986; Junwei et. al., 2006)

Plant-based insecticides have been long proposed as alternatives to synthetic chemical
insecticides for vector and pest management because they pose little threat to human and
environmental health (Choochote et. al., 1999, Murray, 2005). Several plants around the world
have been identified with insecticidal (larvicidal, pupicidal and adulticidal) properties against
mosquitoes either in the seeds, fruits, barks, roots or in their root exudes. However such
compounds must be evaluated with respect to their toxicological effects under laboratory
conditions, in accordance with international standardized procedures (Zucker, 1985, OECD,
2004).

Moringa oleifera (Lam) belongs to the family Moringacae and is commonly called drum stick tree,
horse radish West India Bern tree or “Miracle tree”. In Nigeria, it is called Ewé ilé (Yoruba), Okochi
egbu (Ibo) and Zogale (Hausa). Itis a multipurpose, rapidly growing crop indigenous to North West
India (Cidamiset al., 2003). It is commonly planted in Africa as a living fence tree (Von Maydell,
1986). This "Miracle Tree" is rich in a fairly unique group of compounds called glucosinolates and
isothiocyanates which have been reported to have anti-hypotensive, anticancer and antibacterial
activities (Bharahetal., 2003; Fahey, 2005; Adedapo etal., 2009,)

This study was therefore designed to determine the larvicidal effects of aqueous extract of
Moringa oleifera seeds on the larvae of Anopheles gambiaes. s., the primary vector of malaria in
Nigeria and to study its impact on mosquito fish, a common non-target organism found in mosquito
habitat.

MATERIALS AND METHODS
Plant material and Extract preparation
Recently collected mature dry seeds were dehulled manually and crushed into powder using an
electric blender. Distilled water was added to powdered seed in the proportion of approximately
220mg per 10 ml of distilled water (Gerdes, 1997; Ferreira et.al., 2009). A magnetic stirrer was
used to stir the whole mixture for 60 minutes at room temperature (25°C) and then filtered through
Whatman No. 1 paper. Soluble solids concentration of the AEMOS was taken into consideration.

Experimental Animals
Mosquito larvae breeding
The larvae of Anopheles gambiae S. was used in this study and was obtained from the Institute of
Medical Research, Yaba, Lagos. These larvae were cultured and maintained at 25-30°C, with
relative humidity 60-70% under a photoperiod of (12h: 12h) following standard operating
procedures for mosquito maintenance (WHO, 1975) and modified by Adebayo et al (1999). The
larvae were free of exposure to pathogens, insecticides or repellents and were maintained in tray
by providing dog biscuitand yeast powder.
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Guppy fish

Poecilian reticulata, commonly called guppy fish were used for the toxicity test and were obtained
from the environs of the Nigeria Institute of Medical Research, Yaba, Lagos. The fishes were left to
acclimatize for 8 weeks and were kept in well aerated holding tanks under standard conditions of
light (12h with alternate day and night cycles) and temperatures 27 , with access to commercial
fish feed.

Data Collection

Evaluation on larvae of Anopheles gambiae S.

Different concentrations of the AEMOS (between 1160, 1450, 2900, 5800and 8700 ug/mL) were
prepared using distilled water. The mosquito larvae were treated with extract according to the
methodology described by WHO (1981). Twenty larvae of Anopheles gambiae were introduced in
different test concentration of the extract along with control containing distilled water without any
test solution. After adding the larvae, the glass dishes were kept in the laboratory, five replications
were maintained for each concentration and mortality observed and recorded 24 hours for 3 days
atroom temperature. Larvae were considered dead if they were immobile and unable to reach the
water surface.

Toxicity Evaluation on Poeciliareticulata,

Twenty guppies per treatment were exposed to different concentrations of the AEMOS (10, 20 and
30 mg/mL) with control containing non chlorinated water without any test solution. Treatment was
introduced randomly, two independent tests in triplicates were setup for the experiment. The
behavioral conditions and mortality in each setup was observed so as to define the response of the
test organism to aqueous extract of Moringa seed. The behavioral parameters were monitored
and recorded hourly for the first six hours and there after three hourly for the rest of 24hours period.
The investigational protocol was carried out in controlled environmental conditions so as to define
the response of the test organism to the Moringa seed extract and it was in accordance with
international standard on the care and use of experimental animals (EEC Directive, 1986;
American Public Health Association, 1987; Ferreira, 2009).

Statistical Analyses

Data were analyzed using descriptive statistics, the control mortality was corrected using Abbott's
formula (WHO, 2003) and Log-probit analysis was carried out to determine the median (LC50)
and 90% lethal concentrations (LC90) values, their 95% confidence intervals were obtained by the
method of Finney (1971). SPSS Software version 15 was used for the analysis.

RESULTS AND DISCUSSION
Larvicidal activity
Assessment of the efficacy of different phytochemicals obtained from various plants have been
carried out by researchers on different species of mosquito in the field of vector control (Promisiri
etal., 2006, Okumuetal., 2007 and Ferreiraetal., 2009).
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The result of the experiment conducted to evaluate the larvicidal effectiveness of the aqueous
extract showed that it was toxic to the larvae of Anopheles gambiae and the mosquito larvae
exposed to the different concentrations showed significant behavioral effects such as inability to
swim to the top within 45 minutes of exposure. All the concentrations were lethal to the larvae but
with different degree of effectiveness as was observed from (Figurel). Okumu et.al (2007)
reported that neem oil formulation was toxic to third instar larvae of A. Gambiae while the
effectiveness of the extracts of Piper nigrum Linn. against Culexpipien, Aedesaegypti and
Aedestogoi have been established(Park et. al., 2002). Leaf extract of Lantana camara and
Catharanthusroseus were found to be highly toxic to Aedesaegypti even at low doses (Remiaand
Logaswamy, 2010). Moringa oleifera extract in combination with Trichoderma soil sprinkle (a bio-
control agent) was highly effective against Sclerotiumrolfsii, the causative agent of the damping off
and stem rot disease in cowpea with more than 94% and 70% efficacy in disease control in the
green house and field respectively (Adandononet.al. 2006). Njom and Eze (2011) reported that
Moringa seed extracts were larvicidal to Anopheles gambiaelarvae exposed to different
concentrations.
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Figl: Larvicidal effect of aqueous extract of Moringa oleifera on larvae of A. gambiae at 72
hours of exposure.

There was an increased progression toward larvae death over the period of exposure of the larvae
to the treatments in a dose dependent manner (Figure 2). Studies on plant derived insecticides
have shown that some plant extracts have dose dependent mode of action against target
organisms. The larvicidal activity of neem oil formulation against Anopheles gambiae was
observed toincrease as the dose increased (Okumu et al. 2007). Also, similar trend was observed
in the investigation of the efficacy of two botanicals against Aedesaegypti (Remia and
Logaswamy, 2010).
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Fig.2: Doseresponse curve of larvae at 72 hours of exposure to AEMOS

Table 1 shows the toxic effect of aqueous extract of Moringa oleifera against larvae of Anopheles
gambiae S. under 72 hour exposure. The lethal concentration of the extract (AEMOS) was
1885.4ig/ mL for the larvae. Studies with Water extract of Moringa oleifera seeds showed LC50
value of 1260 ug/ml against 3rd instar larvae of Aedesaegypti (Ferreira et. al., 2009).

Table 1 - Toxicity of aqueous extract of Moringa oleifera against larvae of Anopheles

gambiaes. S. under 72 hour exposure

LC 95% Fiducial
Plant part stage of exposure (©mL)g/ mL) Upper  Lower
Seed [l instar 1885.4 24819 14058

1L Cvalue were determined by ProbitAnalysis (Finney, 1971)

All concentrations in pug/mlwith 95% confidence intervals.

Also methanolic extract of Moringa oleifera seeds was found to be larvicidal against 3rd instar
larvae of An. Stephensis with LC50 and LC90 values of 72.45ppm and 139.82ppm respectively
(Prabhu et al., 2011). In contrast, the present study showed LC50 value of AEMOS at
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1885.4ug/ml on Anopheles gambiaes.S. Larvicidal activity may vary depending on the mosquito
species and geographical location where plant was sourced.

Toxicity assay

The behavioral responses observed in the toxicity assay show that the guppies showed variations
in their tolerance to aqueous extracts of Moringa oleifera (Table 2) On the ddition of the toxicant,
various toxic reactions such as erratic movements, air gulping with prolonged exposure resulted
indullness and discoloration in higher concentrations.

Table 2: 24-Hour Behavioral of Poecilia reticulate (Definitive Test)

Exposure Time/ Behavior 1Hr 6 Hrs 12 Hrs 18 Hrs 24 Hrs
Concentration(mg/mL) 0 1020 30 10 20 30 10 20 30 10 20 30 10 20 30
Erratic Behavior + o+ + 4+ + 4+ + - -+

Air gulping -+t o+

Dullness = = = -+ o+ - -+ o+ 4
Loss of Reflex “+ + + -+t N -+t
Discoloration s=e = 5 o c - - - - . -4

Key:  +=Present
-=Absent

This report agrees with the work of many authors (Balza et al.1989, Muniyan and Veeraraghavan
1999, Ayuba and Ofojekwu 2002 and Chung-Min Liao et al. 2003 and Ayotunde et al., 2011.) that
worked on the toxicity of different chemicals to freshwater fishes. Promisiri et al. (2006) reported
that Mammea siamensis, Anethumgraveolens and Annonamuricata demonstrated no or very low
toxicity to guppies at concentrations active to mosquito larvae. Moringa oleifera seeds have earlier
been reported to be non-toxic and recommended for use as coagulant in developing countries
(Olsen, 1987, Olayemiand Alabi, 1994 and Schwarz, 2000).
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CONCLUSION

The diversity of plant species is huge and phytochemicals obtained from them are important
sources of safe and biodegradable chemicals which can be screened for mosquito and
insecticidal activities and tested for safety in mammals (Mittal et al., 2003). Evaluation of the
aqueous extract of Moringa oleifera seed against third instar larvae of Anopheles gambiae in the
laboratory showed that it was larvicidal to the mosquito species and with very minimal toxic effects
observed in the non-target animal, Poecilia reticulata. These results suggest that Moringa oleifera
may be a potentially valuable source of insecticide and may well play a more prominent role in
mosquito control programs in the future. Further research into its specific mode of action and its
lethal concentration on non target animals are recommended.
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