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Mosquitoes are the major health threat as they transmit plasmodium parasites that cause malaria. Since
mosquitoes developed resistances towards insecticides, investigators are searching for alternative
control measures. Bioactive plant chemicals have been identified to serve as a defense mechanism
against insects’ larvae. Therefore, the aim of the study was to evaluate larvicidal activities of Juniperus
procera extracts in in vitro against 3rd to 4th instars larvae of Anopheles arabiensis. The leaves of the
plant were collected from Fogera District and brought to Bahir Dar University where it was extracted
with chloroform, petroleum ether, ethanol and acetone. The phytochemical screening was performed. A.
arabiensis 3rd to 4th instar larvae were collected from Woreta town of Fogera District and bioassay was
tested on 20 larvae at room temperature. Finally, the percentage mortality of larvae at 24, 48 and 72 h
was calculated. The result showed that chloroform, petroleum ether, acetone and ethanol extracts of J.
procera caused significant mortality of anopheles mosquito larvae (P=0.00). The mortality rate
increased with the concentration of the extracts. Therefore, the study concluded that J. procera might

be an alternative in mosquito control.
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INTRODUCTION

Malaria is a disease caused by protozoan parasites of the
genus Plasmodium and transmitted by female Anopheles
mosquitoes (Eve et al., 2005). It is a tropical disease with
high morbidity and mortality demanding a rapid and
comprehensive effort to tackle (Bloland, 2001). According
to World Health Organization, the global malaria death in
2017 was estimated to be 435,000. Children under 5
years are the most vulnerable group affected by malaria
accounting for 61% of all malaria deaths worldwide.
Furthermore, 93% of all malaria death has been reported
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from Africa alone (WHO, 2018a).

Being one of the tropical Sub-Saharan countries,
malaria is a major public health problem in Ethiopia
having two epidemiologically important parasitic species:
Plasmodium falciparum and Plasmodium vivax which
contribute to nearly 69 and 30% of all malaria cases
respectively (WHO, 2018b). In Ethiopia, about three-
fourth of the land below 2000 m is malarious and two-
third of the population lives in areas at risk of malaria
(Kassahun, 2004).
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A study carried out in 2016 showed that there were an
estimated 2,927,266 new malaria cases in Ethiopia with
4,782 deaths (Tadele et al., 2019). In addition, malaria is
the most widespread disease being number one of the
top ten diseases that causes high morbidity in the study
site (Fogera District). It is highly prevalent in the rainy
season mainly between May and July, and at the end of
rainy season in October and December (Bake-Migongo
etal., 2012).

Anopheles mosquito is the major public health threat as
it is the only vector transmitting malaria which causes
mortality, morbidity, economic loss and social disruption
(Sakthivadivel and Daniel, 2008). Although adversely
contaminating the environment, synthetic insecticides are
available for controlling these mosquitoes. However,
mosquitoes build up hereditary resistance to synthetic
insecticides (Singh et al., 2007). The recent WHO report
confirmed that malaria vectors developed resistance to
the four commonly used insecticides: pyrethroids,
organochlorines, carbamates and organophosphates
across the world (WHO, 2018a). Since mosquitoes
develop resistance towards chemical insecticides,
researchers have been searching for alternative control
mechanisms (Markouk et al., 2000).

Traditionally, plant products have been used by the
people for many years in insect control. Secondary
metabolites present in plants serve as defense
mechanism against insect attacks and their derivatives
provide alternative source in the control of mosquito
(Akhtar et al., 2010). Furthermore, plants possess eco-
friendly bioactive chemicals that are alternative to control
mosquitoes (Raghavendra et al., 2009). Plant based
pesticides are less toxic, easily biodegradable and delay
the development of resistance because of its new
structure (Kamaraj and Rahuma, 2010). Recent
researches have proved effectiveness of plant derived
compounds including bioflavonoid, saponin, steroids,
alkaloids, essential oils and tannins has potential
mosquito larvicidies (Vatandoost and Hanafi-Bojd, 2008;
Akhtar et al., 2010).

J. procera has traditional importance for malaria
treatment in most rural area of Ethiopia (Desta, 1995).
Although researchers have tried to test the plant's
larvicidal activity and its medicinal value in malaria
treatment (Kaliyaperumal et al., 2014; Ismat et al., 2018),
they have not studied it in in vitro, using different solvents
like chloroform, petroleum ether, acetone and ethanol
extracts. Therefore, the aim of the study was to evaluate
larvicidal activities of J. procera extracts in in vitro against
3rd — 4th instars larvae of A. arabiensis.

MATERIALS AND METHODS
Experimental site
This study was conducted in Fogera District, North western

Ethiopia. Fogera is one of the Districts in the South Gondar Zone of
Ambhara Region and located at 11°58 latitude and 37°41 longitude

(FWARDO, 2014). Woreta town is the capital of the District and
found at 625 km to the northwest of the capital, Addis Ababa and
60 km to the north of the Regional capital, Bahir Dar. The District
has a total area of 117,414 ha, where 44% is cultivated land, 24%
is pasture land, 20% is covered by water bodies and the rest are
others. The total population of the District is 251,714 from which
220,421 people are known to live in the rural area. The District has
20°C mean annual temperature and 1216.3 mm mean annual
rainfall. The area has wider suitable land for agricultural activities
and the altitude ranges from 1774 up to 2410 masl (IPMS, 2005).

Experimental design of the research

Experimental design of the research work was arranged in 4x3
factorial randomized completely block design (RCBD) with three
replications. 1000 ml distilled water was used for both experimental
and control groups.

Plant collection

J. procera leaves were collected from Fogera District and brought to
Bahir Dar University, Chemistry laboratory. The plant was
morphologically identified using standard keys as stated in Sue et
al. (2000). The leaves were washed thoroughly by tap water to
remove dusts and unwanted materials, and air dried in dark at room
temperature. Finally, the dried leaves were made powder using
electrical grind mill and then stored at room temperature (Ncube et
al., 2008).

Preparation of plant extracts

Four solvents chloroform, petroleum ether, ethanol and acetone
were used for the extraction with polarity gradient method (Ncube et
al., 2008). The four aforementioned solvents were used for
extraction to see the effect of their polarity differences on the
extracts since ethanol and acetone are soluble in water, but
chloroform is slightly soluble and petroleum ether is insoluble.
Then, 200 g of J. procera leaves’ powder was soaked in 1000 ml
petroleum ether in Erlenmeyer flasks. The soaked crude extract
was placed on orbital shaker at 120 rpm for 48 h. The mixture was
filtered by cotton and passed through Buchner funnel with
Whatman filter paper. Before extracting the residue with other
solvent, remains of the first solvent was removed using rotary
evaporator. Then the macerated residue was extracted
consecutively by the same amount of ethanol, acetone and
chloroform using polarity gradient as done for the petroleum. All
plant extracts by the aforementioned solvents were filtrated using
Buchner funnel with Whatman filter paper. From the above extracts,
200 mg/L, 400 and 600 mg/L solutions were prepared by dissolving
the extract in distilled water and introduced into separate labeled
bowels. Then, the solutions were stored in a refrigerator at 4°C until
larvicidal bioassay test according to WHO standard (Das et al.,
2010). Furthermore, phytochemical screening was carried out for
each solvent extract as per the standardized method (Audu et al.,
2007; Das et al., 2010; Obasi et al., 2010).

Collection and identification of mosquito larvae

Larvae (3rd — 4th instar) of A. arabiensis were collected from the
stream water near town of Woreta. The collected mosquito larvae
were brought to Woreta Agriculture College where morphological
identification and larvacidal bioassay was carried out (Theodore et
al., 2005). Finally, the larvae were transferred to a molder with tap
water and kept in small room.



Table 1. Experimental design of the study.
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Experimental group

Control group

Candidate X .
plant Type of solvent Concentration of extract No. of Nc_). of No. of Iar_vae in 1000 ml
(mg/L)/1000 ml larvae replicates water with replicates
Chloroform 200 400 600 20 3
J. procera Petroleum ether 200 400 600 20 3 20 x 3
Ethanol 200 400 600 20 3
Acetone 200 400 600 20 3

Table 2. Phytochemicals screened from J. procera extracted by chloroform, petroleum ether, ethanol, and

acetone solvents.

Detection of secondary metabolites

Test for secondary metabolites of J. procera extracts

Saponins
Phenols
Alkaloids
Carbohydrates
Proteins
Glycosides
Phytosterols
Tannins

+

+ o+ + o+ o+ 4+

+: shows the presence of secondary metabolites in the extracts.

Larvicidal bioassay

The existing standard was used to evaluate larvicidal efficacy of J.
procera extracts against anopheles mosquito larvae (WHO, 2005).
The bioassay was performed at relative humidity of 70-85%, room
temperature, and pH 7.0 of distilled water. Twenty 3rd- 4th instar
anopheles larvae were taken by pipette and added to each flask
containing 1000 mL distilled water. Flasks with mosquito larvae
were treated with 200, 400, and 600 mg/L of all solvent extracts of
J. procera. Each treatment for experimental group was conducted
in three replicates as designed above (Table 1). For control group,
twenty 3rd-4th instar larvae were also transferred to 1000 ml
distilled water. The larvae of both experimental and control groups
were fed an equal amount of sucrose every 24 h. Finally, the effect
of the plant extracts on larvae was tested by counting the number of
dead larvae. Larvae counting were conducted at 24, 48 and 72 h of
treatment and the percentage mortality was calculated. The
computed mortality of larvae was adjusted using Abbott’'s formula
(Abbott, 1925) as shown below:

p " ¢ cality = number of dead larvae % 100
ercentage of mortality = number of larvae introduced

Data analysis

Data was analyzed using SPSS version 16. Difference in
concentration of plant extracts, type of solvents, and time of
exposures were used as independent variables and mortality of
larvae was used as dependent variable. One way ANOVA was
used to determine the significant difference of the mortality of A.
arabiensis larvae between the control and the experimental group
and value of 0.05 was taken as significance level.

RESULTS

In the current study, J. procera extracts were tested to
have significant secondary metabolites (Table 2). Similar
secondary metabolites were screened from J. procera
regardless of using different solvents in extraction.
Accordingly, from J. procera extracted by chloroform,

petroleum ether, ethanol, and acetone solvents,
phytochemicals including alkaloids, proteins,
carbohydrates, glycosides, phytosterols, saponins,

tannins and phenols were identified.

In the present work J. procera extracts were also
evaluated to kill Anopheles mosquito larvae. Accordingly,
chloroform, ethanol, acetone, and petroleum ether
extracts of J. procera applied at a concentration of 200
mg/L, 400 mg/L and 600 mg/L showed significant mean
A. arabiensis 3rd- 4th instars larvae mortality at different
time exposure (P=0.00). However, no larval mortality was
recorded for the control group within the given time
intervals (Table 3). Variations in toxicity of plant extracts
against the larvae varied with the solvent used in
extraction. Ethanol extracts of J. procera was effective
against Anopheles mosquito larvae in which it showed
linear increasing of mortality rate for A. arabiensis larvae
than others. Although mortality rate increased with
concentrations, it decreased with increased time
exposure. The most effective time exposure for mortality
of larvae was within 24 h. For all solvents used,
maximum mean mortality was recorded for the highest
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Table 3. The effect of different solvents extracts of J. procera against 20 A. arabiensis larvae in in vitro with different concentrations and

time exposures.

Concentration vs. distilled water with time exposure in h for J. procera extract

Mean + SD
Solvent - .
Experimental group Control group Time (h) P-value
200 mg/L 400 mg/L 600 mg/L 1000 mL
8.66 +1.11 10.33+1.11 12.66 £+1.11 20 +£0.00 24
Petroleum
ether 4.00 + 0.66 6.33 +0.88 5.33 £0.44 20 +£0.00 48 0.00
4.66 £1.11 3.33£0.44 2.33+1.77 20 +£0.00 72
5.00 £1.33 12.66 +1.52 13.33+2.44 20 +£0.00 24
Chloroform 7.66 £1.11 6.66 +1.55 5.66 £1.77 20 +£0.00 48 0.00
4.33 +1.56 0.66 +0.88 2.00 £1.33 20 +£0.00 72
10.66 + 0.44 12.66 +1.11 16.00 +1.33 20 +£0.00 24
Acetone 6.66 + 0.45 5.66 +1.11 3.66 +0.89 20 +£0.00 48 0.00
2.66 £0.44 2.00 +0.67 0.3310.44 20 +£0.00 72
6.66 £ 1.78 7.33+1.11 15.67 £ 0.4 20 +£0.00 24
Ethanol 2.67 £0.44 8.33 £1.56 7.66 £1.77 20 +£0.00 48 0.00
1.67 £+0.44 4.33 +0.44 5.67 £1.11 20 + 0.00 72

concentration (600 mg/L).

DISCUSSION

In the current study, J. procera extracted with chloroform,
petroleum ether, ethanol, and acetone solvents had
similar phytochemicals including alkaloids, proteins,
carbohydrates, glycosides, phytosterols, saponins,
tannins and phenols. In agreement with the present
finding, other researchers also identified that J. procera
leaves extracts are a source of phytochemicals such as
tannins, phenols, saponins, alkaloids and flavonoids in
which alkaloids and phenolics have been reported to be
insecticides (Shaalan et al., 2005; Ismat et al., 2018).
Moreover, studies identified that plants offer great
promise as source of phytochemicals with potential as
insecticides that can play crucial role in the control of
mosquitoes (Ebong, 2008; Pathak et al., 2018).
Therefore, screening secondary metabolites from J.
procera might have incredible contribution in order to
develop new alternative drugs in malaria control.

In the present study J. procera extracted with
chloroform, ethanol, acetone, and petroleum ether
applied at a concentration of 200, 400 and 600 mg/L
killed A. arabiensis larvae. Kaliyaperumal et al. (2014)
also evaluated larvicidal activity of J. procera against A.
arabiensis and suggested that the plant can be the
potential larvicidal agent. In agreement with our study,
researchers have shown that plant derived compounds
have larvicidal activities and can be efficient in insect

control (Vatandoost and Hanafi-Bojd, 2008; Akhtar, 2010;
Pathak et al., 2018). Thus, J. procera which has also
been identified by the current work to contain significant
plant derived compounds such as alkaloids, glycosides,
saponins, phytosterols, phenols, and tannins can be an
alternative in mosquito control. Such plant derived
compounds are more important than other alternatives
since they are less toxic and easily biodegradable in the
environment (Kamaraj and Rahuman, 2010).

The extraction yield and biological activity of the plant
extracts can be affected by solvents used in extraction
due to differences of solubility in different solvents (Ajanal
et al.,, 2012; Barchan et al., 2014). As also reported by
Ghosh et al. (2012), since insecticidal effects of plant
extracts can vary due to the polarity of solvents used
during extraction, ethanol extract of J. procera showed
linear increase in mortality rate for A. arabiensis larvae
than others. In agreement with the current work other
study also identified the highest phenolic contents from L.
aromatica using ethanol (Quy et al., 2014). The current
work also agrees with the report of Sukumar et al. (1991),
which indicated variations in toxicity of plant extracts
against the larvae that varied with the solvent used in
extraction. Although mortality rate increased with
concentrations, it decreased with increased time
exposure for unknown reason to the current study. The
most effective time of exposure and concentration for
maximum mean mortality of larvae was within 24 h and
600 mg/L respectively. In agreement to our work, another
study done on larvicidal activity of J. procera showed that
larval mortality rate is time and dose-dependent



(Kaliyaperumal et al., 2014). Ali et al. (2014) also
identified that the total mortality is positively correlated
with increasing concentrations.

Conclusion

Phytochemical screening of chloroform, petroleum ether,
ethanol, and acetone extracts of J. procera showed
positive result for alkaloids, carbohydrates, glycosides,
phenols, flavonoids, proteins and tannins. J. procera
extracted with the above solvents showed significant
mean mortality of A. arabiensis larvae within 24, 48 and
72 h at different concentration (200, 400 and 600 mg/L).
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