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ABSTRACT

Objective: The objective of the study was to investigate the repellent activity of different extracts of Duranta plumieri against mosquito vector Culex 
quinquefasciatus.

Methods: Four different extracts (petroleum ether, chloroform, ethanol, and aqueous) of D. plumieri were evaluated for repellency test against 
mosquito vector C. quinquefasciatus Say (Diptera: Culicidae) in comparison with diethyltoluamide (DEET), which was used as a positive control.

Results: Results showed that chloroform extract was the most effective against mosquito vector even at a low dose. A direct relationship was observed 
with different concentrations of D. plumieri extract and the repellent activity. Moreover, all the extracts showed highly significant level of repellency 
as compared to DEET at 10% dosage till 5 h of exposure. Among all of these, chloroform extract showed significant repellency at 5% dosage till 4 h.

Conclusion: Chloroform extract of D. plumieri has the potential as an effective mosquito repellent and further studies are needed to isolate the marker 
compound responsible for this activity.
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INTRODUCTION

Mosquitoes cause major health hazards to human beings as they are the 
carrier of various deadly diseases [1]. Mosquitoes belong to the family 
Culicidae of order Diptera of class insecta and are characterized by 
their slender body, long legs, long proboscis, and scales on most of the 
body parts [2]. Anopheles, Culex, and Aedes are carriers for transmitting 
a number of diseases such as dengue fever, malaria, filariasis, dengue 
hemorrhagic fever, Japanese encephalitis, chikungunya, and yellow 
fever [3]. A  large number of the population is at risk due to these 
mosquito-borne diseases [4].

Human mosquito contact has to be prevented to protect from mosquito-
borne diseases. Insect repellents such as tars, smokes, plant oils, and 
other modalities have been used since ancient times [5]. At present, 
new synthetic repellents have been developed by different researchers. 
However, these synthetic repellents have many unfavorable side 
effects [6]. The problems associated with the use of chemical repellents 
can be overcome using herbal products. Plant products have been used 
by our ancestors to repel or kill the insects. Many plants have been proved 
as potential insect repellents [7-9]. Commercially used repellents in 
the market are citronella and diethyltoluamide (DEET) [10]. Although 
DEET is the most commonly used repellent, different communities 
use several plants in various forms to protect themselves from insect 
bites [10-12]. Therefore, the need is to discover a safe and economical 
repellent. Considering the price, investigation on the use of regional 
plants as repellents is strongly endorsed [10]. Citronella and quelling 
(a waste distillate of lemon eucalyptus) are available on a large 
scale [10]. A  formulation prepared from lemon eucalyptus has been 
used commercially in the UK [13]. Cotton fabric coated with lemon grass 
extract capsule mixture showed good mosquito repellent activity [14]. 
Many essential oils have proven mosquitocidal activity [15]. Extracts of 
Duranta plumieri Linn (Verbenaceae) showed antifeedant and insecticidal 
effect against the larvae of Culex pipiens Linn and Spodoptera littoralis 
Boised as well as against the adults of Musca domestica Linn (Muscidae) 

and C. pipiens, respectively [16]. Leaf extract of Lantana indica and vitex 
proved good repellent action on Culex species [17]. Leaf and fruit extract 
of Gardenia gummifera exhibited good larvicidal and pupicidal activity 
against Aedes aegypti [18] D. plumieri fruits were screened for antimalarial 
activity through oral and subcutaneous routes on mice infected with 
Plasmodium berghei Anka (Plasmodiidae) [16]. D. plumieri chloroform 
extract of fruits proved to have antifeedant activity against Heliothis 
armigera Hubner (Reoviridae) [18]. D. plumieri aerial parts exhibited 
antiviral activity against Hepatitis A virus [19-21]. Hence, keeping in view 
the above-mentioned insecticidal and viricidal properties of D. plumieri, 
the present study was designed to evaluate its repellent activity against 
mosquitoes, especially Culex quinquefasciatus.

METHODS

Plant material collection
D. plumieri leaves were collected from Fathepur, Distt Kangra, Himachal 
Pradesh and were identified taxonomically by Kumar Ambrish, 
Scientist, Botanical Survey of India, Dehradun, having Authentication 
Voucher no. 118055. The leaves were cleaned with tap water and then 
rinsed in distilled water. Next, these were shade dried and stored in air 
tight container for future use.

Extraction of D. plumieri
D. plumieri leaves were coarsely powdered and subjected to extraction 
through cold maceration. Powder of 100 gm leaves was kept in a round 
bottom flask and solvents petroleum ether, chloroform, ethanol, and 
water were added successively for 48 h and then filtered with muslin 
cloth. The filtered extract of various solvents was concentrated using 
rotary evaporator and dried in hot air-oven below 50°C. The dried 
extracts were stored in a corked bottle and refrigerated.

Mosquito strains
Larvae of C. quinquefasciatus were collected from Gharuan village 
of Mohali and were reared in a room with a constant temperature 
(27±2°C) and relative humidity (70%) along with a photoperiod of 
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12 h (Light: Dark). Adult mosquitoes were fed with 10% sucrose. Adult 
mosquitoes were kept in mosquito cages and starved for overnight. 
Triplicates were prepared.

Repellent and control preparation
Repellent surface was prepared in a 6 cm diameter plastic bowl. Cotton 
was placed in adequate quantity in 250 ml plastic bowl. 10% solution 
of sugar was prepared in distilled water and cotton was soaked by 
pouring 230  ml of sugar solution into the plastic bowl. Top layer of 
cotton at the top was covered with a single layer of nylon net. In the 
remaining 20 ml, different concentrations of repellent were prepared. 
Different concentrations of extract, namely 2.5, 5, and 10 were prepared 
by mixing 20 ml of sugar solution with the required quantity of extract 
and were poured evenly on the sugar soaked cotton in the above plastic 
bowl. In the same manner, 2% solution of DEET was prepared in 10% 
sugar soaked cotton for use as positive control and only 10% sugar 
soaked cotton was used as a negative control, respectively. Various test 
concentrations, namely 2.5, 5, 10, and 10% were prepared in distilled 
water using freshly made stock solution.

Repellency test
The repellency test was carried out in a room maintained at 27°C and 
70% relative humidity. The mosquitoes along with cages were kept in 
the room. The plastic bowl containing cotton soaked in three different 
concentrations of extract of D. plumieri, namely 2.5, 5, 10, and 10% 
solution of sugar, DEET 2% (positive control) in 10% solution of sugar 
and 10% solution of sugar (negative control) were placed in four different 
corners and one in the center of the cage. Landing counts for 5 min were 
made at each hour for 6 h (0, 1, 2, 3, 4, 5, and 6 h). After observation of 
5 min, the bowls were removed from the cage at each interval of time. 
To avoid evaporation, the bowl was covered and kept in the refrigerator. 
The position of bowels was interchanged for subsequent exposure.

Data analysis
Observations for mosquito cage studies were made with triplicates for 
the selected species of the mosquito. Rates of the mosquito landing 
on the treated bowls with different concentrations of the extract of 
D. plumieri 2.5, 5, 10, and 10%, DEET 2% and sugar (10%) were noted. 
Mean of the observations for was recorded for each. Results were 
expressed as average landing and percent repellency per exposure 
interval compared to control using the following formula [22].

Percent repellency=Control(C)−Treatment (T)/Control (C)×100

Where, C=The mean number of landing on negative control (10% sugar 
solution); T=Mean number of landing on the repellents (DEET and 
extract of D. plumieri).

Statistical analysis
For evaluating the significant difference between the repellent activity 
of DEET and different extracts of D. plumieri at different concentrations, 
Student’s t-test was applied where p<0.05 was considered as the 
significant value.

RESULTS

The leaf extract of D. plumieri exhibited strong repellent activity 
against C. quinquefasciatus. There is a great difference between the 
mean number of mosquitoes landing on the control and the treated 
surfaces (Tables 1-4). The percent repellency of chloroform extract was 
maximum and varied from 90 to 69% against different concentrations 
at different observation periods (0 h, 1 h, 2 h, 3 h, 4 h, 5 h, and 6 h). 
The repellency rates at 0  h varied between 86 and 90% at different 
concentrations of D. plumieri extract. Petroleum ether, ethanol, and 
aqueous extracts also showed mosquito repellent activity but lesser 
than chloroform extract. Moreover, all the extracts showed a highly 

Table 1: Percent repellency of petroleum ether extract of leaf of Duranta plumieri against Culex quinquefasciatus

Species Doses (%) Repellency in h (Mean±SEM)

0 h 1 2 3 4 5 6
Culex quinquefasciatus 2.5 84.66±0.33 85.33±0.33** 84.66±0.88 72.66±1.20** 73.00±1.00** 69.66±1.20 68.33±0.33

5 86.33±1.20 86.66±0.33 85.66±1.66 75.66±1.20** 71.66±1.20** 69±1.52** 67.33±0.66
10 89.66±1.20** 86.66±1.33** 85.66±0.33** 74.00±1.52** 74.33±1.20** 72±1.73** 67.66±0.88
DEET 95.66±0.33 96.66±0.33 97.33±0.33 98.33±1.20 93.66±0.88 92.66±0.33 90.33±0.33
Sucrose 9.66±1.85 6.33±1.85 8.66±0.33 7.33±1.33 7.33±0.33 8.33±0.88 8.33±2.02

*p<0.05 significant, **p<0.001 highly significant, SEM: Standard error of the mean, DEET: Diethyltoluamide

Table 2: Percent repellency of chloroform extract of leaf of Duranta plumieri against Culex quinquefasciatus

Species Doses (%) Repellency in h (Mean±SEM)

0 h 1 2 3 4 5 6
Culex quinquefasciatus 2.5 86.66±0.33 86.66±0.66* 85.33±1.45** 74.33±2.40** 76±1.52** 72.33±0.33 70.33±1.33

5 87±0.58** 87.66±0.66** 86±1.52** 77.33±1.20** 74.33±0.66** 70.33±0.33 68.66±0.33
10 89.33±1.33** 86.66±0.88** 87±0.57** 74.33±1.20** 74±1.52** 73.33±1.33** 69.33±1.52**
DEET 95.66±0.33 96.66±0.33 97.33±0.33 98.33±1.20 93.66±0.88 92.66±0.33 90.33±0.33
Sucrose 9.66±1.85 6.33±1.85 8.66±0.33 7.33±1.33 7.33±0.33 8.33±0.88 8.33±2.02

*p<0.05 significant, **p<0.001 highly significant, SEM: Standard error of the mean, DEET: Diethyltoluamide

Table 3: Percent repellency of the ethanol extract of leaf of Duranta plumieri against Culex quinquefasciatus

Species Doses (%) Repellency in h (Mean±SEM)

0 h 1 2 3 4 5 6
Culex quinquefasciatus 2.5 79.66±1.20** 78.66±2.02** 75.66±0.33 71.66±2.18 68.33±0.33 66.66±0.88 59.66±1.20

5 83.66±0.33 82±0.57 77.66±0.88 71.66±0.33 68.66±0.33 69±2.08 62.33±1.20
10 83.66±1.66** 82.66±1.76** 82.33±2.84* 72±3.51** 73.66±2.72** 68.33±2.02** 63±0.57
DEET 95.66±0.33 96.66±0.33 97.33±0.33 98.33±1.20 93.66±0.88 92.66±0.33 90.33±0.33
Sucrose 9.66±1.85 6.33±1.85 8.66±0.33 7.33±1.33 7.33±0.33 8.33±0.88 8.33±2.02

*p<0.05 significant, **p<0.001 highly significant, SEM: Standard error of the mean, DEET: Diethyltoluamide
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significant level of repellency as compared to DEET at 10% dosage 
till 5  h of exposure. Among all of these, chloroform extract showed 
significant repellency at 5% dosage till 4 h.

DISCUSSION

Chloroform leaf extract of D. plumieri showed up to 90% repellency 
against C. quinquefasciatus in laboratory bioassays. These results 
show that D. plumieri chloroform leaf extract is potentially an effective 
mosquito repellent. The efficacy of D. plumieri leaf extract is comparable 
with the currently used commercial repellent product DEET. Although 
DEET provided better and longer protection, it has certain health risks 
that should be considered while using it [23]. Nowadays, trend for the 
use of natural repellent products is gaining importance and several 
botanicals have been screened for mosquito repellent activity [24-27]. 
The petroleum ether extract of Justicia adhatoda showed mosquito strong 
repellent action as it gave 100% protection against C quinquefasciatus 
180  min followed by A. aegypti for 210  min [28]. Andrographis 
paniculata ethanol extract proved mosquitocidal activity of 94.2% of 
mortality at 3.0 mg/cm2 [29]. The methanol extract of Eclipta alba and 
A. paniculata produced maximum repellent effect against Anopheles 
Stephensi [30]. The maximum repellent activity was observed at 
500  ppm in the methanol extracts of Aegle marmelos, Acacia lineata, 
and ethyl acetate extract of Chamaecytisus hirsutus, and the mean 
complete protection time ranged from 90 to 120 min against Anopheles 
subpictus. The hexane extract of A. paniculata showed a better mosquito 
repellent effect in comparison with Acacia lineate extract [31]. Neem 
oil showed 37.5% protection against C. quinquefasciatus, whereas, in 
the present study, the chloroform leaf extract of D. plumieri showed up 
to 90% repellency against the same species, but the efficacy declined 
after 2  h. Most of the plant-based repellents are shown to repel 
mosquitoes, but for short duration (few minutes to some hours). Most 
of the phytoconstituents are volatile; therefore, they provide repellent 
effect for a short duration after application and rapidly evaporate 
leaving the user unprotected [24]. Para-menthane 3, 8 diol, a herbal 
repellent extracted from the leaves of lemon eucalyptus Corymbia 
citriodora (Myrtaceae) tree is an exception, which is less volatile 
than monoterpenes and provides effective repellency against a large 
number of insect vectors for several hours and it has been advised for 
use in disease-endemic areas by the Centers For Disease Control as 
it considered safe for human health [24]. More research is needed to 
develop new repellents from the substance of herbal origin that can 
provide effective mosquito control to reduce the indiscriminate use of 
a harmful chemical insecticide. Although the outcomes of the present 
study showed the potential of D. plumieri extracts mosquito repellent 
against C. quinquefasciatus in laboratory bioassays, these results are 
applicable in cage experiments at laboratory level that involves sugar 
solution as attractant; therefore, confirmation is needed by testing it on 
human volunteers, and further experimentation should be undertaken 
against other mosquito vectors under field and laboratory conditions.
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