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Abstract

The Aedes aegypti mosquito is responsible for the transmission of yellow fever, and several arboviruses, which has led
to an increasing disease burden. The development of resistance in mosquitoes has prompted researchers to investigate
on biological larvicides that are biodegradable and ecofriendly. This study is aimed at evaluating the larvicidal activity
of the stem bark of Vernonia amygdalina using the activity-guided fractionation approach. The powdered stem-bark
(300g) was extracted by successive cold maceration first in dichloromethane and then in 70% aqueous ethanol for 72
hours with fresh replacement of solvent after every 24 hours. The extracts were separately concentrated using a rotary
evaporator to obtain the dichloromethane extract (DCM) and 70% aqueous ethanol extract (AQE) respectively. The
more active AQE was further partitioned with ethyl acetate to obtain the aqueous phase (AQP) and the organic phase
(EAP). Larvicidal assay was done following the World Health Organisation protocol with modifications. Dichlorvos (2,3-
dichlorovinyldimethylphosphate) was used as a reference larvicidal agent. Phytochemical screening was done using
standard phytochemical screening reagents. The result from Larvicidal assay showed that the 70% ethanol extract gave
a percentage mortality of 86.5%, at its highest concentration (10mg/ml) and an LCso of 6.5mg/ml, while the highest
percentage mortality recorded from the dichloromethane extract, was found to be 58%, at 10mg/ml. The EAP
demonstrated a percentage mortality of 100%, at a concentration of 1mg/ml, while the AQP yielded a percentage
mortality of 100% at concentration of 6.5mg/ml. With repect to phytochemical constituents, the crude plant sample
contained deoxy sugars, triterpenoids, carbohydyrates, saponin and phenolics. The DCM lacked flavonoids and
phenolics, but contained carbohydrates, triterpenoids and deoxy sugars. The AQE lacked free anthraquinones. The AQP
contained carbohydrates, saponins, phenolics, whereas the EAP contained deoxy sugars, triterpenoids and flavonoids
in addition. In conclusion, the 70% aqueous ethanol extract, as well as its organic and aqueous phases can be developed
as bio-larvicides, for vector control of Aedes aegypti mosquitoes.
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1. Introduction

The Aedes aegypti is also known as the yellow fever mosquito. This is because it is the primary vector of yellow fever, a
disease which is prevalent in tropical South America and Africa. Aedes aegypti is also a known vector of several other
viruses including dengue virus, chikungunya virus, and Zika virus. These arboviruses pose increasing global public
health concerns because of their rapid geographical spread and increasing disease burden. Dengue is the most
important arboviral disease and is widely distributed in the tropical and sub-tropical regions of the world. [1]. Thus, the
effort towards mosquito control continues to be an important strategy in preventing the mosquito-borne diseases.
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Indeed, the present recrudescence of these diseases is due to the higher number of breeding places in today’s throw-
away society and to the increasing resistance of mosquitoes to current commercial insecticides. Although yellow fever
has been reasonably brought under control with its vaccine, no vaccine is available for dengue. The only way of
decreasing the incidence of this disease is thus the eradication of A. aegypti. Experience has shown that aerial toxicants
for the eradication of this mosquito are not effective, since it is highly domesticated and many adults rest indoors in
hidden places such as closets. The only successful way of reducing mosquito densities to a level where dengue or yellow
fever epidemics do not occur is by attacking the larval breeding places[2]. Phytochemicals are botanicals which are
naturally occurring insecticides obtained from floral resources. Applications of phytochemicals in mosquito control
were in use since the 1920s [3]. Since then, the search for new bioactive compounds from the plant kingdom and an
effort to determine their chemical structures and commercial production has been initiated. At present phytochemicals
make up to 1 per cent of world’s pesticide market [4]. Medicinal plants have been serving as source of rich natural
components that are essential in the management of various ailments. The affordability and accessibility of these plants,
along with their limited side effects, has prompted researchers to investigate more properties that can elicit
pharmacological actions, such as antimicrobial activity, antipyretic effect, treatment of sexually transmitted diseases,
antidiabetic properties, etc. This has led to a remarkable increase in the utilisation of herbal medicines, in recent times.

Some documented ethno medicinal uses of Vernonia amygdalina include: the leaves taken as an appetizer and the water
extract as a digestive tonic and for treatment of fevers in Nigeria and some other African countries [5]. The young leaves
are used in folk medicine as worm expeller and fertility inducer in sub-fertile women. Both the leaves and the roots are
used traditionally in phytomedicine to treat fever, kidney and heart diseases, and stomach discomfort[6]. Sceintific
reports on the biological activities such as: antihelminthic [7], antiplasmodial [8] and antimalaria [9], antimicrobial [10],
antidiabetic[11], antioxidant[12], antianaemic [12], antidiarrhoeal [13], antiinflammatory[14] and anticancer [15]
among others are reported in literature. These scientific reports are mostly on the leaves with scarce scientific report
on the larvicidal properties of the stem bark. These emphasized the necessity for this study aimed to evaluate the
larvicidal activity of the stem bark of Vernonia amygdalina (Asteraceae).

2. Material and methods

2.1. Collection of Plants

The stems of Vernonia amygdalina (Asteraceae) was collected from various farmlands within Port Harcourt. The fresh
leaves were further identified and authenticated by a Taxonomist. A voucher specimen was deposited in the herbarium
of the Department of Pharmacognosy and Phytotherapy, Faculty of Pharmaceutical Sciences, University of Port
Harcourt, with a voucher specimen number of UPHA0590.

2.2. Extraction of Plants Material

Successive extraction was done, by immersing 300g of the powdered plant sample in 1litre of dichloromethane. The
mixture was shaken at intervals within a period of 24 hours, using a mechanical shaker, at 120rev/min. At the end of
the 24hours, the solvent was drained out using a filter paper, the extract was obtained and kept in a glass bottle. This
process was done for a duration of 72 hours, with the extract being filtered every 24 hours, and replaced with 1litre of
fresh dichloromethane. The same procedure summarized above was carried out, using 70% ethanol. The various
extracts obtained were concentrated, using a rotary evaporator, and they were furthered placed in crucibles in a water
bath, to obtain the dried dichloromethane and aqueous ethanol extract respectively. Thereafter, their percentage yield
was determined.

2.3. Larvicidal assay

Five ribbons of Aedes aegypti mosquito eggs were obtained from the National Arbovirus and Vectors Research Centre
(NAVRC) Enugu. The eggs were dispersed into five plastic plates, containing warm water, and kept at room temperature.
Thereafter, yeast was added to the water, to aid their incubation. The Eggs were fed biscuit after 24 hours and beyond,
until they finally hatched into larvae, and ready for use. Larvicidal activity against Aedes aegypti Larvae was done,
according to the World Health Organisation standard protocol [16] with modifications. Briefly, twenty (20) disposable
plates were appropriately arranged and labelled according to their concentrations. Thereafter, 400 Aedes aegypti
mosquito larvae, in the late third instar larva stage were collected with the aid of a dropper, into the plates, with each
plate containing 20 larvae. Each concentration has 3 plates, with the fourth, serving as control. A stock solution of the
70% ethanol extract was prepared, by dissolving 5g of the extract in 500ml of distilled water, to yield a 10mg/ml
solution. 300ml of the solution was poured out into a beaker, from which 100ml volume each was poured out into the
first three plates. From the 200ml solution left, serial dilutions were made, to obtain a 5mg, 1mg, 0.5mg and 0.1mg/ml
solution. 300ml of each were obtained, and 100ml was poured in triplicates, into the plates containing the larva. To the
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fourth plate serving as control, 100ml of distilled water was poured into them. The same procedure as summarized
above, was done, using the same quantity of the dichloromethane extract. At the end of 24, 48, and 72hours, the dead
larvae were counted. Thereafter the median larvicidal concentration LCso was determined using regression analysis.
Test concentrations of: 10, 1, and 0.1mg/ml of 2,3 dichlorovinyl dimethyl phosphate were prepared and used as the
positive control, against the late 3rd insta larva stages of Aedes aegypti mosquito. Mortality rate was recorded at the end
of 24 hours.

2.4. Phytochemical Screening

The crude, 70% aqueous ethanol, and dichloromethane extracts were screened respectively using standard
phytochemical screening methods[17-18] for the presence of: carbohydrates and reducing sugars, anthraquinones,
triterpenoids, saponins, cardiac glycoside, phenolic compounds, flavonoids, and alkaloids.

2.5. Data analysis

Data expressed as mean * standard deviation were analysed for statistical significance at p = 0.05 using one-way
analysis of variance (ANOVA) and student t-test. The significance difference between the mean values of each extract at
different concentrations and a control was established at P< or = 0.05 by the student t-test using SPSS software version
16 at 95% confidence interval. Comparison groups were achieved using ANOVA and Post HOC turkeys’ multiple
comparison test. LCso was determined using sigmoid Emax model (Hill).

3. Results

Table 1 Average Mortality Rate and Percentage Mortality of 70% Aqueous Ethanol Extract, and Dichloromethane
Extract
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24 Hours 48 Hours 72 Hours 24 Hours 48 Hours 72 Hours 24 Hours
10 14+0.8 15.7+1.3 17.3+x2.1 7+4.3(35%) 8.7+3.9 11.7+£2.9 20+£0(100%
(70%) (78%) (86.5%) (43.5%) (58%)
5 1+0.8 3.7+2.5 4+2.2 2.7+0.5 4+0.8 6.7+1.7 NA
(5%) (18.5%) (20%) (13.5%) (20%) (3.5%)
1 0.7+£0.5 0.7+£0.5 1.3+0.5 0+£0(0%) 0+£0(0%) 0+£0(0%) 20+£0(100%)
(3.5%) (3.5%) (6.5%)
0.5 0+0(0%) 0+0(0%) 0+£0(0%) 0£0(0%) 0+0(0%) 0.7+0.5 NA
(3.5%)
1 0+£0(0%) 0+0(0%) 0+0(0%) 0+0(0% 0£0(0%) 0+£0(0%) 20+£0(100%)

KEY: Values are represented as mean + standard deviation of triplicate determination while values in parenthesis represents percentage mortality.
NA signifies Non-Applicable

The LCso extrapolated from the plot for the Active Aqueous Ethanol Extract is 6.5mg/ml
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Key to Figure 1: Control: 2, 3 dichlorovinyl dimethyl Phosphate, DCM: Dichloromethane extract, Ethanol extracts: 70% acqueous ethanol extract

Figure 1 Concentration- dependent larvicidal activity profile of the DCM and 70% Aqueous Ethanol Extract

Table 2 Phytochemical Screening of the Crude, 70% Aqueous Ethanol Extract, and Dichloromethane Extract

Test Crude Sample | Extracts

70% Aqueous Ethanol Extract | Dichloromethane Extract
Cardiac glycoside
Kedde’s test Negative Negative Negative
Keller-killiani test Positive Positive Positive
Alkaloids
Mayer Negative Positive Negative
Dragendoff Negative Negative Negative
Hager Negative Negative Negative
Triterpenoids
Lieberman-burchard | Positive Positive Positive
Salkowski Positive Positive Positive
Anthraquinones
Free Negative Negative Negative
Combined Negative Negative Negative
Saponin
Frothing test Positive Positive Negative
Phenolics
Ferric chloride test | Positive Positive Negative
Flavonoids
Aluminium chloride |Positive Positive Negative
Shinoda test NA NA NA

KEY: Positive indicates the presence of secondary metabolites Negative indicates the absence of secondary metabolites NA represents non

applicable
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4., Discussion

From the yield determination, the 70% aqueous ethanol extract was found to have a higher yield (8%) than the
dichloromethane extract (3.73%). The results of the larvicidal activity in this study showed that Vernonia amygdalina
is effective against Aedes aegypti mosquito larva. The 70% aqueous ethanol extract was found to be more efficacious
against the larva, with the highest percentage mortality of 86.5% at 10mg/ml. On the other hand, the highest percentage
mortality for the dichloromethane extract was found to be 58% which was exhibited at 10mg/ml. These were however
relatively not as efficacious when compared with the result for the positive control (2,3 dichlorovinyl dimethyl
phosphate) at test concentrations of 10, 1, and 0.1mg/ml which demonstrated a 100% mortality rate after 24 hours.
The LCso of the active aqueous ethanol extract, obtained from the plot was found to be 6.5mg/ml. These data showed
that larvicidal activity can vary depending on the solvent used for extraction because each solvent can selectively extract
a different group of constituents according to polarity. While the 70% aqueous ethanol extract showed a very significant
larvicidal activity, that of the dichloromethane extract was quite low. This is because of the polarity of both solvents
used. Previous researchers have attributed the larvicidal activity of various plants to phytochemicals such as saponins,
phenolics, triterpenoids, and flavonoids. The ethyl acetate extract from the leaves of A. aspera from where a saponin
was isolated showed larval mortality[19]. In a similar report on the saponins isolated from the root-derived callus of B.
aegyptiaca, a 100% mortality at 500 ppm on the test larval population from emerging adults of the A. aegypti larvae was
observed [20]. The finding of acute larvicidal effects of polyphenols against certain larval Culicidae, Chironomidae and
Simuliidae has already suggested the prospect of using these polyphenols in dipteran pest control [21]. In this study as
shown in Table 2, the phytochemical screening for the presence of cardiac glycoside using the Kedde’s test for the
aglycone of cardiac glycosides, exhibited a negative result for the crude extract and 70% aqueous ethanol extract,
whereas they all tested positive to Keller Killiani’s test. This infers that there is presence of deoxy sugars in the extracts,
but absence of the cardenolide the aglycone moiety of cardiac glycoside. Also whereas triterpenoids were present in all
extracts, the phytochemical screening result showed the presence of saponins, flavonoids, and phenolics, only in the
crude V. amygdalina powder sample and its 70% aqueous ethanol extract but absent in the dichloromethane extract.
Thus, it can be inferred that the larvicidal activity of the aqueous ethanol extract was due to the presence of phenolics
and/or saponins with possible synergitic effect. It can also be inferred that the dichloromethane produced less larvicidal
activity, because the solvent was not able to extract much of the phenol and saponin content from the plant sample. The
moderate effect of the dichloromethane observed, could be attributed to the presence of the triterpenoids.
Triterpenoids are the non-polar aglycone of saponins and this observed moderate larvicidal activity could plausibility
underscore the structure activity relationship between the polar glycosidic form (the saponin) and the corresponding
non-polar aglycone(triterpenoid). A study on Kotschya africana afforded the isolation of a triterpenoid, lupeol[22].
Lupeol is also known to be active against the larvae of Aedes aegypti with LCso of 158.71 pg/mL after 24 hrs exposure
time [23].The extracts and fractions obtained from plant species can exert their toxic effects on larvae through multiple
methods, such as the inhibition of growth, reproduction, or fertility. Furthermore, studies have shown that the larvicidal
potential of phenolic acids is influenced by the presence of a hydrocarbon chain on the phenolic ring and its degree of
unsaturation [24].

Although the bio-larvicides are not as efficacious as the organic agents in control of mosquitoes, the bio-larvicides are
easily bio-degradable, are ecofriendly and non-toxic to mammalian tissues. Therefore, they can be applied as larvicidal
formulations in higher concentrations, in the elimination of mosquito larva, thereby reducing the harmful effects caused
by the organic insecticides, reducing resistance in mosquitoes, and consequently curbing the disease spread.

5. Conclusion

In conclusion, both the 70% aqueous ethanol and dichloromethane extracts showed larvicidal activity with the polar
70% aqueous ethanol extract being more efficacious. Phenolics and saponins present in the 70% aqueous ethanol
extract could offer a rationale for the observed trend of larvicidal activity with possible synergistic effect. Since Vernonia
amygdalina is widely distributed in Africa, particularly in Nigeria, commercial exploitation could provide an important
step in developing a novel plant-based larvicide.
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