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Abstract

Background: Malaria is an infectious disease by fever and chills, anemia and splenomegaly genus Plasmodium parasite is the agent
it. One of the easiest and least expensive methods to prevent this disease is removing the vector that usually by been done insecti-
cides and chemical pesticides, but nowadays due to the damaging effects of by toxic chemicals is currently trying to organic toxic
and plant compounds used to combat the pests. So in this study used from the Hyoscyamus niger L. and Nerium oleander L. to destroy
the larvae of this vectors and positive results were compared these two plants together.
Methods: In this experimental study, H. niger and N. oleander collected and dried to extraction by methanol usingthe Rotary Evapo-
rator. Mosquito larvae collected from stagnant water pits and ponds around the Birjand, Iran and order to apply the relevant identity
tests and isolation of Anopheles spp mosquito larvae. Survival measurement were used to estimate LC50 values using Probit analysis
in Excel 2010 and SPSS (ver 20) software.
Results: Both Hyoscyamus niger and Nerium oleander had positive effects on destroying the Anopheles spp larvae and between ob-
tained results, the most effective extract for destroying the mosquitoes Anopheles spp larvae, was the flower extract of henbane
(LC50 = 0/26 ppm) and the weakest one, was the leaves extract of oleander (LC50 = 4/85 ppm).
Conclusions: According to the results, the flower extract of henbane is recommended as a toxic, organic and natural compounds
to fight Anopheles spp mosquito larvae, which it is stronger and more effective compared to the other parts of these two plants.
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1. Background

Malaria is clinically a hemolytic feverous disease
associated with chills, fever and sweats, anemia, and
splenomegaly. Its parasite (Plasmodium spp) lives in the
red blood cells, and it is transmitted by bloodthirsty
Anopheles spp [1]. As approximately one milliard people of
the world’s population are at the risk of malaria disease
and in 2015, there were an estimated 438,000 malaria
deaths (range 236,000 - 635,000) worldwide. Most of
these deaths occurred in the African region (90%), fol-
lowed by the South-East Asia region (7%) and the Eastern
Mediterranean region (2%), therefore, malaria can be
considered as the most important parasitic disease in the
world [2]. Nineteen species of Anopheles spp have been
reported in Iran, that seven of them are known as malaria
vectors. Anopheles stephensi has been reported as the most
important vector in Iran [3].

H. niger (Solanales: Solanaceae) plant known also as
henbane is one of the important medicinal plants, and it

belongs to Solanaceae family spreading widely in Asia and
Europe. The importance of this plant is due to high al-
kaloid compounds such as hyoscyamine and scopolamine
that hyoscyamine sulfate and scopolamine-hydrobromide
drugs are produced of them, respectively. Hyoscyamine
sulfate and scopolamine-hydrobromide have respectively
anticholinergic and anti-spasmodic properties. The plant
has also anti-spasmodic, analgesic and sedative properties
[4]. Anglo-Saxons named this plant as henbane because
hens were paralyzed after eating the seeds of this plant [5].

Oleander (Gentianales: Apocynaceae) is an ornamental
plant that has densely branched shrub with cross leaves,
native to southern Europe, North Africa and South East
Asia [6]. It grows generally in sub-trophic and tropic re-
gions [7]. All parts of this plant are toxic to humans and
other creatures [8, 9]. Toxic substance of this plant can
cause nausea, vomiting, abdominal pain, diarrhea, hyper-
kalemia and the dysrhythmias in humans, and approxi-
mately 4% - 10% of people poisoned by it die annually [10].
N. Oleander plant contains mixture of cardiac glycosides
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such as a group of cardenolides containing oleandrin, fo-
linerin, and digitoxin, impairing the heart’s electrical con-
ductivity [11]. This plant has medicinal properties, includ-
ing antibacterial [7, 12, 13], anti-inflammatory and analgesic
[14, 15], cytotoxic [16], and antidiabetic [17] properties. It
is also considered as safety system Recovery drug [18] and
heart stimulant drug [19]. In addition, it has neuroprotec-
tion effects [20].

One way to prevent the spread of malaria is fighting
against its vector mosquito known as Anopheles spp. Chem-
ical pesticides and insecticides are used for this purpose.
However, these chemical pesticides have devastating and
destructive effects on the environment and ecosystems.
Additionally, increased use of these toxins has caused car-
rier resistance against it [21]. Therefore, the aim of this
study was to use the extract of aerial parts of oleander and
henbane as larvicidal to fight against larvae of Anopheles
spp. After performing the related tests, the obtained re-
sults were recorded and finally the larvicidal effect of dif-
ferent parts of these plants was compared.

2. Methods

Isolation of plant extracts: In this experimental study,
aerial parts of henbane (Figure 1) were collected from the
foothills of the Tabas village (36° 24’15.9"N, 57° 42’30.5" E)
near the Sabzevar, Iran in May 2015, and the aerial parts of
the oleander plant (Figure 2) were collected from Hakim
Sabzevari University campus (36° 17’53.8"N, 57° 40’47.9" E)
at the same time (Figure 3). After rinsing with water, they
were kept at room temperature for 15 days, away from di-
rect sunlight so that they can be dried completely. One
sample of each of two plants was sent to herbarium of
Mashhad Ferdowsi University to identify and determine
the species, and species codes were received for each plant
that they were 32,493 for henbane and 10109 for N. oleander.
A modified method was applied for the plants extraction
[22]; after drying, different parts of these plants, including
stems, leaves and flowers were separated and milled. Then,
100 grams’ powder of each part of plant was mixed with
500 mL of methanol solvent. After that, they were kept at
20 - 25°C for 72 hours in a dark place away from sunlight. In
the next step, the obtained extracts were passed from filter
what man paper No. 2 separately. Finally, concentrated tar-
like extract was obtained using Rotary evaporator to dry
and eliminate the solvent.

Collecting Anopheles larvae: According to WHO recom-
mendation [23], 4th instar larvae of Anopheles spp in Au-
gust 2015, researcher referred to ponds and pits of stag-
nant water around Birjand, Iran (with geographical posi-
tion 32° 49’42.8"N, 59° 10’38.6"E) (Figure 3). Anopheles spp
larvae were hunted and collected using ladling method.

Figure 1. Habitus of H. niger Plant

Figure 2. Habitus of N. oleander Plant

Then, larvae were transferred to parasitology laboratory of
Birjand University of Medical Sciences, and the third and
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Figure 3. Sabzevar-Location Collected the Plants

Yellow star: Birjand-location collected the Anopheles spp larvae.

fourth instar larvae of Anopheles spp were identified and
separated by the relevant expert.

Larvicidal bioassay: concentrations of 0.25, 0.5, 1, 2, 4
mg/mL were prepared from stem, leaf and flower extracts
of oleander and henbane by distilled water solvent, accord-
ing to the recommendation of the world health organiza-
tion [24]. One concentration of the extract related to one
part of oleander and henbane was poured to each plate.
Then, 10 Anopheles spp larvae were placed inside each plate
and 10 larvae, as control, were placed in a plate containing
distilled water. Plates were transferred to refrigerator with
temperature of +4°C away from the light (in order to avoid
metamorphosis). Then, at 6, 12, 24, 48 and 72 hours, it was
examined that if they are alive or dead by hitting the needle
tip to them and observing their reaction to stimuli, and re-
sults were recorded [25]. This test was conducted twice and
mean number of killed larvae was calculated for each part
and concentration. Then, data analysis was performed us-
ing probit analysis in Excel 2010 and SPSS (ver. 20) software.

3. Results

This study was an experiment conducted on the larvae
of Anopheles spp in Birjand, Iran. Findings of the study
showed that methanol extract of henbane leaves had no
significant impact on larvae of Anopheles spp at the first
24 hours. After 48 hours, the mortality increased so the
P value (mean difference between two compared groups)
was reduced, so that, after 72 hours, the number of dead
larvae increased to the extent that the P value was 0.01, in-
dicating the positive impact of larvicidal of the extract and
its LC50 (lethal concentrations in which 50% of the larvae
are killed) was obtained 0.74 ppm. However, methanol ex-
tract of N. oleander leaves had significant larvicidal effect

with the passage of time. After 12 hours, it was not signif-
icant, while it was significant after 24 and 48 hours when
the P value was 0.04 and its LC50 were obtained 7.3 ppm
and 4.85 ppm respectively. However, results were not sig-
nificant after 72 hours by increasing the concentration (Ta-
ble 1).

In the case of henbane stem extract as time passed, the
larvicidal effect became more visible. By increasing the
stem extract concentration in the first 24 hours, the p-value
was 0.06, which was much close to significance, while after
72 hours it reached to 0.02 and the LC50 was obtained 0.9
ppm. Oleander stem extract did not show a significant lar-
vicidal effect even with the passage of time (Table 2).

The results obtained for the methanol extract of hen-
bane flower at the first 24 hours indicated that increasing
the concentration had no significant impact on larvae of
Anopheles spp, while the P value was significant (0.02) after
48 hours, indicating the positive larvicidal effect of the ex-
tract. At the same time, the LC50 was 0.26 ppm. However,
methanol extract of oleander flower showed a hopeful re-
sult with a significant larvicidal effect (P value of less than
0.05) by increasing the concentration at 6, 12 and 24 hours.
Their LC50 was equal at all three times and its value was ob-
tained 5.06 ppm. However, after 48 hours, it was P = 0.06
and it was completely non-significant at 72 hours (Table 3).

Our findings showed that by increasing time, larger
number of larvae died and leaf extract of henbane leaf at
all times (6, 12, 24, 48 and 72 hours) showed more larvicidal
effect on Anopheles spp compared to methanol extract of
oleander leaf (Figure 4). In the case of stem, only methanol
extract of henbane stem had significant impact on destroy-
ing the larvae after 72 hours, while stem extract of olean-
der had no significant impact on larvae (Figure 5). With re-
gard to flower extract, methanol extract of henbane flower
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Table 1. Lethal Concentration Values for Various Leaf Extracts of H. niger and N. oleander Against Third and Fourth Stage Larval Mosquitoes of Anopheles spp. (Mortality Was not
Observed in Control)

Extracts Period of Exposure, h

6 12 24 48 72

H. niger leaf
LC50 - 43.35 10.84 2.47 0.74

P Value - 0.42 0.28 0.04 0.04

N. oleander leaf
LC50 - 14.82 7.30 4.85 2.83

P Value - 0.06 0.04 0.04 0.18

Table 2. Lethal Concentration Values for Various Stem Extracts of H. niger and N. oleander Against Third and Fourth Stage Larval Mosquitoes of Anopheles spp. (Mortality Was
not Observed in Control)

Extracts Period of Exposure, h

6 12 24 48 72

H. niger stem
LC50 0.11 0.11 0.11 17.79 0.90

P Value 0.6 0.6 0.6 0.31 0.02

N. oleander stem
LC50 3.32 5.97 1.64 1.64 0.46

P Value 0.36 0.32 0.13 0.14 0.13

Table 3. Lethal Concentration Values for Various Flower Extracts of H. niger and N. oleander against third and fourth stage larval mosquitoes of Anopheles spp. (Mortality was
not observed in control)

Extracts Period of Exposure, h

6 12 24 48 72

H. niger flower
LC50 2.57 1.74 0.54 0.26 0.07

P Value 0.18 0.12 0.13 0.02 0.06

N. oleander flower
LC50 5.06 5.06 5.06 1.63 0.85

P Value 0.02 0.02 0.02 0.06 0.10

showed higher larvicidal power compared to methanol ex-
tract of oleander flower (Figure 6) (Mortality was not ob-
served in control).
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Figure 4. Larvicidal Effects of Leaf Extract of Nerium oleander and Hyoscyamus niger
During 72 Hours
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Figure 5. Larvicidal Effects of Stem Extract of Nerium oleander and Hyoscyamus niger
During 72 Hours

4. Discussion

Arthropods are important factors in transmission of
various pathogens in Iran and this issue has become a ma-
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Figure 6. Larvicidal Effects of Flower Extract of Nerium oleander and Hyoscyamus
niger During

jor health challenge in the country [26, 27]. One of the main
methods to prevent parasitic diseases such as malaria is
to fight against vectors of that disease. The mosquito
vector of malaria is Anopheles spp. Chemical pesticides
have always been used to fight against these vectors, while
these compounds have adverse effect on environment and
ecosystem. In addition, excessive use of these pesticides
leads to resistance of vector against it. Therefore, scien-
tists have attempted to find safe alternatives for environ-
ment and human health and other non-target creatures.
The important alternatives in this regard are various meth-
ods for biological controlling and using organic pesticides
produced by plants.

These organic pesticides destroy insects even at lower
concentrations, while they are not hazardous for larger an-
imals. Additionally, these extracts obtained from plants
such as chemical pesticides often have no accumulation
property, causing no threat for ecosystem and consumer
animals in the long term. In this study, it was found that
extract of aerial parts of henbane have more impact on
destruction of Anopheles spp larvae compared to oleander
plants. In this regard, the strongest extract to destroy the
Anopheles spp larvae at 48 hours belonged to henbane ex-
tract with LC50 = 0.26 ppm, while the weakest extract was
oleander leaf extract with LC50 = 4.85 ppm. While reports
on anti-larval activities in the case of aromatic plants prop-
erties are increasing in various countries, no study has
been reported on larvicidal impact of henbane. Addition-
ally, one study was conducted on larvicidal effect of olean-
der plant by Fakourziba et al. (2015) at Shiraz University of
Medical Sciences. In the mentioned study, the effect of five
different extracts of oleander flowers and leaves prepared
by five solvents of acetone, petroleum, benzene, chloro-
form, and water against larvae of Anopheles stephensi was
investigated.

Results showed that benzene extract of the flowers
of this plant had the largest larvicidal power and chloro-
formic extract of this plant leaf had the lowest larvicidal

effect [21]. These results are consistent with results of our
study, so that LC50 of oleander leaf extract at 24 and 48
hours was respectively 4.85 ppm and 3.73 ppm, while this
value for flower extract at 24 and 48 hours was respectively
1.63 ppm and 5.06 ppm. This shows that methanol extract
of oleander flower has higher impact than its leaf extract.
In another study conducted by Bagari et al. (2013) in Mo-
rocco, toxic effects of oleander leaf on desert locust larvae
were examined. Results showed that oleander leaf has pos-
itive impact on controlling desert locust larvae [9]. In an-
other study conducted by Lokesh et al. (2010) in India, lar-
vicidal leaf activity of N. oleander and Trigonella foenum L.
against mosquito larvae was studied. They concluded that
the leaf extracts of both plants have higher larvicidal effect,
while mixture of them had stronger larvicidal activity [28].

In some studies, to test the impact of extracts on
mosquito’s larvae, a species of mosquito is reproduced and
reproduced larvae of same species is used to test the im-
pact of different extracts on mosquito’s larvae, which it re-
flects only the impact of the extract on same species. How-
ever, as the goal of this study was not just destroying the
larva of a species of Anopheles spp and the result was intro-
ducing an organic and natural compound to fight against
larva of all Anopheles spp in Birjand, Iran.

As oleander and henbane plants are native for Iran,
these plant extracts can be used as native tool to fight
against Anopheles spp. This insecticide is biodegradable
and this is its advantage over other its chemical prod-
ucts. It seems that these plants can be useful in destroying
the Anopheles spp larvae, thanks to Alkaloid compounds
such as oleandrin, folinerin, and digitoxin in oleander,
hyoscyamine, and scopolamine in henbane. The findings
of this study can be used as an effective solution to fight
against larvae of Anopheles spp that are vectors of malaria
in developing countries and countries where malaria is en-
demic, without imposing environmental damage.
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