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1. Introduction

Mosquitoes are vectors of human parasites that cause 
many diseases, including yellow fever, filariasis, malaria, 
dengue, and encephalitis, which are accountable for 
millions of deaths annually (Gubler, 2009). Culex is an 
important mosquito genus including well known vectors 
of parasites and pathogens. Cx. pipiens is a house mosquito, 
which causes many diseases, such as West Nile virus, 

filariasis, and other encephalitides (Thenmozhi et al., 
2014). Furthermore, in many people, Cx. pipiens bites can 
cause acute systemic allergic reactions or induce local 
dermatitis (Peng et al., 2004). For many years, synthetic 
insecticides have been employed to limit the spread of the 
vectors and manage the spread of vector-borne diseases 
(Chareonviriyaphap et al., 2013). However, the widespread 
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Resumo
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fed ad libitum on 10% glucose solution. Female Cx. pipiens 
mosquitoes were blood fed on an albino mouse in the 
50 × 50 × 50 cm rearing cage. The newly developed larvae 
were fed on ground TetraMin fish meal (Tetra GmbH, 
Germany) and kept in an insect cage after the pupae 
formation.

2.3. Mortality bioassay test

Different concentrations of plant extracts from 10 to 
500 ppm were used to perform the test using sterile six-well 
plates. Three replicas of 20 Cx. pipiens larvae each were 
treated separately with different concentrations of each 
extract. The percent mortality was calculated at 24, 48, 
and 72 h post-treatment. Immobile larvae were counted 
as dead. Methanol (0.001), and 0.1 ppm permethrin were 
used as negative control and a positive control respectively.

2.4. Developmental experiments

A bioassay was conducted using egg rafts that were 
cut into pieces containing 40 eggs of 1–12 h. The eggs 
were kept in dishes filled with 50 ml tap water and 
different concentrations of P. harmala extract from 40 to 
320 ppm. The emerging larvae were kept under standard 
environments of 28 °C ± 1 °C, a light:dark (14:10 h) cycle, 
and 75% humidity. The percentage hatchability, larval and 
pupal mortality, duration of larval and pupal development, 
and adult emergence were recorded. The growth index 
was calculated as previously described (WHO, 1996; Su 
and Mulla, 1999), and each concentration was replicated 
three times.

2.5. Statistical analysis

Results were expressed as the means ± standard 
deviation. The analysis was performed using one-way 
ANOVA, followed by Tukey’s test (Values of p < 0.05 were 
considered statistically significant.

3. Results

3.1. Yields and larvicidal activity

Twelve extracts from three plant species were 
investigated for larvicidal potential against Cx. pipiens 
third instars. The yields of Hex, CHCl3, EtOAc, and MeOH 
extracts were calculated (Table 1). None of the 11 extracts 
exhibited larvicidal potential against the third instars of 
Cx. pipiens even at the highest concentration of 500 ppm, 
except the P. harmala seeds extracts. The EtOAc extract 
of P. harmala seeds showed a larvicidal potential with a 
higher toxicity at 72 h than that at 48 and 24 h. The LC50 
value was 314.88 ppm, and the LC90 value was 464.19 ppm 
after 24 h against Cx. pipiens. Larvicidal activity was dose- 
and time-dependent for the extract, with higher toxicity 
recorded at 48 and 72 h. No mortality was noticed in the 
control groups (Table 2). The EtOAc extract of P. harmala 
seeds was further tested for development- and growth-
related bioassays.

use of synthetic insecticides has caused the resistance of 
mosquitoes worldwide. Organophosphate resistance has 
been detected in Cx. pipiens in Brazil, Sri Lanka, Liberia, 
and Egypt (Curtis and Pasteur, 1981). In addition, C. pipiens 
has been found to be resistant to fenthion and temephos 
in Turkey (Akiner et al., 2009), todiflubenzuron in Europe, 
and resistance has also been developed in Saudi Arabia. 
The fast development of resistance to synthetic insecticides 
has provoked the need for new insecticides (Zaim and 
Guillet, 2002, Thomas et al., 2004). Plants are considered 
a promising natural substitute for controlling mosquitoes. 
They are affordable, readily available, biodegradable, 
ecofriendly, safe (Nathan and Kalaivani, 2005), and have 
different mechanisms of action, which overcome the 
resistance in mosquito populations (Okumu et al., 2007).

Peganum harmala L. (family Zygophyllaceae) is a plant 
that grows in Iran, Africa, India, the United States, Mexico, 
Turkey, China, and the Middle East (Mahmoudian et al., 
2002), and it is commonly called “Harmel” in the Middle 
East. The seed, fruit, bark, and roots of P. harmala have 
been used to treat asthma, coughs, hypertension, diabetes, 
and rheumatism (Mina et al., 2015; Moloudizargari et al., 
2013; Zhao et al., 2011). Several reports have shown 
angiogenic inhibitory potential (Moloudizargari et al., 2013), 
antiparasitic (Tanweer et al., 2014), antifungal, antibacterial 
(Nenaah, 2010), insecticidal (Abbasipour et al., 2010), anti-
inflammatory (Davoodi et al., 2015), anti-cancer (Hashemi 
Sheikh Shabani et al., 2015, Moloudizargari et al., 2013), 
and antiviral (Moradi et al., 2017) activities.

Considering the interest in developing natural-based 
insecticides as an alternative to synthetic insecticidal 
agents, this research was conducted to assess the larvicidal 
activity of three herbal extracts against Cx. pipiens.

2. Material and Methods

2.1. Plant materials and extract preparation

The medicinal plants Terminalia chebula, Aloe perryi, 
and Peganum harmala were purchased from the Reef 
Al-Yaman herbal shop in Riyadh province, Saudi Arabia. 
Voucher specimens were placed in the herbarium at the 
Bio-product Research Chair, College of Science, King Saud 
University. A sample of 50 g of powder was extracted from 
each plant using hexane (Hex), dichloromethane (CH2Cl2), 
ethyl acetate (EtOAc), and methanol (MeOH) in a soxhlet 
apparatus until colorless. The obtained extracts were 
filtered and dried using a vacuum evaporator (Heidolph, 
Germany) and weighted to determine the yield. The 
evaporated extracts were preserved in a dark flask at −80 °C.

2.2. Mosquito rearing

All assays were conducted in accordance with the 
national guidelines of Saudi Arabia for the use of laboratory 
animals. Mosquitoes were obtained from a laboratory 
colony of Culex pipiens at the Zoology Department Insectary 
that was established in 2008. The mosquitoes were kept in 
a standard insectary environment of 28 °C ± 1 °C, a 14:10 h 
light:dark cycle and 75% humidity. Adult mosquitoes were 
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3.2. Effect of Peganum harmala extract on hatching and 
larval development

The impact of sub-lethal concentrations of the EtOAc 
extract on larvae were examined. Details of the effects of 
the EtOAc extract of P. harmala from hatchability to adult 
emergence are presented in Table 3. treatment of the egg 
with the EtOAc extract of the P. harmala seeds affected 
the life cycle of Cx. Pipiens: the hatchability (86.49%), and 
the mosquito did not completed its life cycle at 240 ppm 
since the treatment resulted in 100% mortality. In contrast, 
98.33% of the eggs hatched in the control. But, Cx. pipiens 
was capable of completing its life cycle at different rates 
based on the concentrations used. In addition, the eggs 
treated with the EtOAc extract of P. harmala exhibited a 
longer larval period compared with the control. Similarly, 
the duration of pupal development was prolonged in the 
treated groups. The larval period continued for 12 and 
10 d, and the pupal period took 3 and 2 d in the treated 
and control groups, respectively. The total developmental 
period was 12–15 d in the treated individuals, and it lasted 
for 10 d in the control group. The growth index data also 
showed a decrease (0.00–7.53) in the treated groups 
compare with 8.5 in the control. The transformation of 
eggs into adults decreased with increasing concentrations. 
The transformation ratios were 76.67%, 43.33%, and 18.33% 
at 30, 60, and 120 ppm, respectively, while in the control 
it was 85%.

4. Discussion

There are several reports of the activity of herbal extracts 
on Cx pipiens, which primarily investigate the larvicidal 
action of the herbal extracts. However, there are few 
studies on the effect of herbal extracts on developmental 
stages. Thus, we found no reports in the literature involving 
P. harmala seed extract and their effects from hatchabilityto 
adult emergence.

Our findings show that the EtOAc extract of P. harmala 
could be a promising substitute to synthetic insecticides. 
Phyto-compounds extracted from different plant parts 
possess different bioactive ingredients with different 
activities. Plant crude extracts could have higher larvicidal 
activity than individual compounds due to synergisms 
that could be effective in controlling populations of 
resistant mosquitoes (Ghosh et al., 2012). Our results show 
that the crude EtOAc extract of P. harmala was effective 
against the larvae of important vector mosquitoes, Cx. 
pipiens. These results are similar to previously reported 
findings (El-Bokl, 2016) that showed that the LC50 values 
of acetone extracts of Ruta chalepensis against Cx pipiens 
were 1.08 ppm followed by the aerial part of P. harmala 
(18.75 ppm), Artemisia herbalba (73.99 ppm), and Lavandula 
multifida (78.55ppm). Previous studies have shown that 
the methanol leaf extract of Delonix elata acted against 
the larvae of A. aegypti and A. stephensi with LC50 values 
of 163.69 and 202.77 ppm and LC90 values of 93.59 and 
111.83 ppm, respectively. However, the seed extracts had 
low LC50 values against the two mosquitoes of 225.07 and 
273.03 ppm and LC90 values of 115.28 and 139.04 ppm, 
respectively.

Earlier researchers reported that the leaf extracts of 
Vitex negundo (LC50: 212.57), Vitex trifolia (LC50:212.5), 
Vitex peduncularis (LC50:76.2), and Vitex altissima 
(LC50:128.0) against Culex quinquefasciatus fourth instar 
(Kannathasan et al., 2007). Different solvent extracts 
of Euphorbia tirucalli, Nerium indicum, Thuja orientelis, 
Murraya koenigii, Coriandrum sativum, Ferula asafoetida, 
and Trigonella foenum graceum, Citrullus colocynthis; 
Cannabis indica, Cannabis sativus, Momordica charantia; 
Trichosanthes anguina, Citrullus colocynthis, Cannabis indica, 
Cannabis sativus, Momordica charantia; Trichosanthes 
anguina, Momordica charantia, Trichosanthes anguina, Luffa 
acutangula, Benincasa cerifera, Citrullus vulgaris showed 
larvicdal activity against Culex quinquefasciatus, Anopheles 
stephensi, Culex quinquefasciatus, Aedes aegypti (Yadav et al., 

Table 1. Plants evaluated for their larvicidal activity against the Culex pipiens third instar.

Species Family
Voucher 
number

Mass of Plant 
Part (g)

Mass of Extract (g) Yield (%)
Methanol 
(MeOH)Hexane

Chloroform 
(CHCH3)

Ethyl acetate 
(EtOAC)

Aloe perryi Asphodelaceae (KSU-AP30) leaves (110.50) 0.18(0.16%) 0.23 (0.21%) 0.98 (0.89%) 6.5 (5.88%)

Terminalia chebula Combretaceae (KSU-TC31) fruits (65.29) 0.27 (0.41%) 0.09 (0.14%) 0.73 (1.12%) 19.9 (30.48%)

Peganum Harmala Nitrariaceae (KSU-PH32) Seeds (96.5g) 2.22 (2.30%) 1.09 (1.13%) 1.34 (1.39%) 7.54 (7.81%)

Table 2. Larvicidal potential of Peganum harmala ethyl acetate extract against Culex pipiens.

Time

% Mortality
LC50  

(μg/mL)
LC90  

(μg/mL)
Concentration (μg/ml)

co 100 200 300 400 500

24 0.00±00e 3.33± 3.33ed 13.33±3.33d 36.67±3.33c 76.67±3.33b 100±00a 314.88 464.19

48 0.00±00d 6.67±3.33dc 33.33±6.67c 66.67±8.82b 96.67±3.33a 100±00a 279.93 432.60

72 0.00±00d 6.67±3.33dc 33.33±6.67c 66.67±8.82b 96.67±3.33a 100±00a 223.45 348.41

Data for rows with different letters are significantly different P <0.05.
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2002; Sharma et al., 2005; Harve and Kamath, 2004; 
Rahuman and Venkatesan, 2008; Prabakar and Jebanesan, 
2004). Sixteen harmine derivatives were inveistagated and 
their insecticidal activities were reported. It was found that 
1-phenyl-1,2,3,4-tetrahydro-β-carboline-3-carboxylic acid 
and methyl 1-phenyl-β-carboline-3-carboxylate were toxic 
with LC50 values of 20.8 µg/ml and 23.9 µg/ml against 
4th instar of Cx. pipiens after 24 h treatment (Zeng et al., 
2010). Peganum harmala extract was also toxic to other 
insects. Abbassi et al. (2003) and Jbilou et al. (2006) found 
that P. harmala was toxic to Schistocerca gregaria (Forskal) 
(Orthoptera: Acrididae) and Tribolium castaneum Herbst 
(Coleoptera: Tenebrionidae), respectively. It was also found 
to be toxic to several aphids and Tribolium castaneum 
(Salari et al., 2012).

In terms of the effects of the sub-lethal concentration 
of Harmala seed extract, we observed that there was an 
immediate response of the EtoAC extracts tested, and when 
assessing larval development, this extract interfered with 
the number and timing of the development period of the 
insect. The benzene extract of Ervatamia coronaria leaf was 
effective against eggs/egg rafts of Culex quinquefasciatus 
(200 ppm), Anopheles stephensi (300 ppm), and Aedes 
aegypti (250 ppm) (Govindarajan et al., 2011). The benzene 
extracts of Citrullus vulgaris exerted zero hatchability at 
250 ppm and complete ovicidal activity at 300 ppm. The 
fraction II, III and IV exerted hatchability rate of 6.9%, 4.9% 
and 5.3% against Anopheles stephensi and Aedes aegypti, 
respectively (Mullai et al., 2008). The chloroform fruit 
extract of Solenostemma argel at 10 ppm decreased the 
eggs hatchability of Cx. Pipiens by 20% and adult emergence 
by 84%. Metamorphosis of larvae treated with chloroform 
extract was extended to 15 days, as compared to control (10 
days). It took 12 days for chloroform extract (1 ppm) treated 
embryos to develop into adult mosquito as compared to 
control (10 days) (Al-Mekhlafi et al., 2018).

Although not fatal, Adanan et al. (2005) and Kamaraj et al. 
(2008) reported that these sub-lethal concentrations could 
result in morphological and physiological disorders, 
interfering with total development, which is reflected in 
the emergence of adults.

5. Conclusions

We believe that this is the first report of the larvicidal 
potential of P. harmala seed extract. Our findings 
revealed that the P. harmala extracts are promising green 
insecticidal agents, and thus, an alternative to synthetic 
larvicidal agents for mosquito population management. 
However, further research is required to isolate the 
bioactive molecules and determine their impacts on 
non-target organisms.
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