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Abstract 

To evaluate the larvicidal efficacy of crude and fractionated extracts of Piper longum leaf against Aedes aegypti, and Culex 

quinquefasciatus mosquitoes. The larvicidal activity was carried out by World Health Organization protocols. The larvicidal 

activity was exposed to various concentrations of P. longum crude and three fractionated extracts (CC-CE- 4, 6, 8) against 

third instar mosquitoes. The mortality of larvae was observed after 24 and 48h of exposure. Probit analysis was done for LC50 

and LC90 values. The crude extract has 24 and 48h LC50 and LC90 values for Ae.aegypti 28.08; 48.39, 23.51; 44.56 µg/dl, and 

Cx. quinquefasciatus has values 33.32; 58.64, 26.58; 52.72 µg/dl respectively. The three fractionated extracts have values for 

Ae. aegypti 17.72; 29.80, 13.52; 23.23 µg/dl, 15.01; 27.02, 12.44; 23.77 µg/dl, 12; 25, 47, 9; 21.02 µg/dl, and for Cx. 

quinquefasciatus 19.30; 37.40, 15.36; 29.69 µg/dl, and 18.96; 36.74, 15.06; 28.6 µg/dl, and 15.98;35.21, 12; 28 and 18.96; 

36.74, 15.06; 28.6 µg/dl respectively. The fractionated extracts are effective than crude extract against the third instar larvae of 

mosquitoes. Further studies to determine the active components of effective extracts. 
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Introduction 

Mosquito-borne diseases are considered major public health 

diseases affecting millions of people every year [1]. 

Mosquitoes transmit viruses, nematodes, and protozoan 

parasites from one organism to another. World Health 

Organization has announced mosquitoes as ‘Public Enemy 

Number One’ [2]. The day-biting mosquito Aedes transmits 

dengue, yellow fever, chikungunya viruses, and the night-

biting mosquito Culex transmits filarial nematode, [3, 4]. 

Apart from this, mosquitoes cause nuisance, and their bites 

cause skin allergy and loss of sleep [5]. Unplanned 

urbanization, climate change, and enormous solid wastes are 

major issues associated with mosquito breeding and their 

population increase [6].  

Targeting the immature stages is a key factor in controlling 

vector mosquitoes [7]. To kill larvae, chemical larvicides 

such as organophosphates are being used; but several 

disadvantages have been reported due to harmful effects to 

humans and other associated organisms [8, 13]. Particularly, 

the development of resistance to synthetic insecticides leads 

to a greater increase of vector mosquitoes. Synthetic 

chemical pesticides are causing many side effects on man, 

the environment, and non-target organisms. Plant extracts 

are good alternatives to chemical insecticides to control the 

mosquito population [14]. Many earlier reports confirm the 

bioactivity of several plants extracts [15, 17]. In the present 

study the Piper longum leaf extract screened Aedes aegypti 

and Culex quinquefasciatus mosquito larvae. 

P. longum was reported to possess antifungal, antibacterial, 

antitumor, antiasthmatic, insecticidal, and mosquito 

larvicidal activities [18]. P.longum extracts possess larvicidal 

activity on mosquitoes [19, 21]. Plant extracts and its 

phytocompounds have been assessed as an alternative to 

toxic pesticides conventionally used for insect pests control. 

The biodegradability into nontoxic products of natural 

products makes them appealing to find safer, effective, and 

sustainable new insecticides that can be integrated into 

management programs, especially because of their 

commercial acceptance [22]. Thus we aimed to assess the 

larvicidal activity of crude and fractionated extracts of P. 

longum against medically important vectors Ae. aegypti and 

Cx. quinquefasciatus.  

 

Materials and Methods 

Collection of plant material 

Fresh P.longum leaves were plucked from plants and 

cleaned thoroughly with tap water and shade dried at room 

temperature and the dried samples were powdered using an 

electric blender and the fine powder was transferred to 

airtight containers for further use. 

 

Preparation of crude extracts 

A quantity of 20g of dried leaf powder was extracted in 

200ml of ethanol using the soxhlet apparatus to obtain the 

extract. The final extract of P. longum collected was 

concentrated under a rotary vacuum evaporator and 

preserved in air-tight bottles for conducting further 

experiments. 

 

Fractionation of P. longum 

The crude extract obtained from ethanol, which is to be 

fractionated by column chromatography (silica gel 60-120 

mesh). The column was initially packed and compacted 

using petroleum ether. The column was thoroughly checked 

for close packing silica gel. The extract dissolved in ethanol 

was mixed with a non-polar solvent, chloroform in the 
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following proportions. Chloroform was mixed with ethanol 

in the ratio, 9:1, 8:2, 7:3, 6:4, 5:5, 4:6, 3:7, 2:8, and 1:9. The 

different fractions were collected separately in numbered 50 

ml beakers.  

Each fraction was checked for the presence of active 

ingredients using thin-layer chromatography (TLC). TLC 

plates were prepared using 40- micron size silica gel slurry 

spread on glass plates and activating in a hot air oven at 

100oC for about 1 hour. The plates were cooled and about 

1µl of each chromatic fraction was loaded at the base of the 

plate using a micropipette. The plates were placed inside a 

chamber containing about 50 ml of a solvent mixture 

containing 5:5 ethanol and chloroform. The chamber was 

closed with a glass lid and the TLC plate was taken out 

when the solvent reaches the top portion of the plate. The 

movement of the solute was followed by developing the 

plate inside another chamber concentrated with iodine 

vapors. 

 

Test mosquitoes 

Egg cards of Ae. aegypti and Cx. quinquefasciatus were 

bought from the Centre for Research in Medical 

Entomology (CRME), ICMR, Madurai. The eggs were 

incubated in the laboratory in two separate trays containing 

tap water. The hatched out larvae were fed with powdered 

dog biscuits and yeast in the ratio of 3:1. 

 

Exposure of mosquito larvae to P. longum leaf extract 

The third instar Ae. aegypti and Cx. quinquefasciatus were 

raised in the laboratory and removed for the experiments at 

the appropriate time. Crude extract prepared using ethanol 

and extracts prepared from three specific fractions (CC-CE 

4 -6:4, CC-CE 6-4:6, CC-CE 8-2:8) were tested against third 

instar mosquito larvae. The larvae were exposed to the 

toxicants in clean 100 ml glass beakers. For the crude 

extract concentrations ranging from 5-50 (µg/dl) were tested 

against Ae. aegypti and 6-60(µg/dl) were tested against Cx. 

quinquefasciatus larvae. Similarly analyzing the mortality of 

mosquito larvae after 48hr of exposure, the mortality of Ae. 

aegypti and Cx. quinquefasciatus was assessed for the 

earlier concentration levels. For CC-CE 4, CC-CE 6, CC-CE 

8 concentrations ranging from 3-30 (µg/dl) were tested 

against Ae. aegypti and 4-40 (µg/dl) were tested against Cx. 

quinquefasciatus. Similarly analyzing the mortality of 

mosquito larvae after 48hr of exposure, the mortality of Ae. 

aegypti and Cx.quinquefasciatus was assessed for the earlier 

concentration levels. In each concentration four replicates 

were maintained. The exposed larvae were continuously 

monitored, but mortality was recorded after 24h and 48h. 

Mortality was recorded for a maximum period of 48h, as the 

larvae molted into the fourth instar any time after 48h. The 

molting was speeded up when the larvae were transferred to 

the toxicant solutions. 

 

Data Analysis 

The mortality data of larvae were subjected to probit 

analysis for calculating LC50, LC90, and other statistics at 

95% confidence limits of the upper confidence limit (UCL) 

and lower Confidence limits (LCL), were calculated by 

using the dose-effect probit analysis [23]. ANOVA and 

Tukey analyses were carried out to understand the impact of 

the different types of extracts on both Ae. aegypti and Cx. 

quinquefasciatus. 

 

Results 

From the crude extract, nine eluted fractions were produced 

by column chromatography fractionation. All fractions were 

preliminarily screened for larvicidal activity against fourth 

instar larvae of Ae. aegypti at various concentrations(7-56 

µg/dl). Among the nine fractions CC-CE 8 has the highest 

larvicidal activity, and CC-CE 6, CC-CE-4 has moderate 

activity. LC50 and LC90 values were 23.54; 49.49, 38.38; 

63.38, and 39.13; 66.53 µg/dl respectively. For that reason, 

CC-CE-8, CC-CE-6, and CC-CE-4 were selected for the 

larvicidal bioassay. The larvicidal activities of P. longum 

leaf extract against Ae. aegypti, and Cx. quinquefasciatus 

were presented in table1. The 24 and 48h LC50 and LC90 

values are highest for crude extracts, and CC-CE-8 has least 

values. The Tukey comparison between the mosquito 

species indicated significantly differences between crude 

and fraction LC50 and values (Table 2). 

 
Table 1: n hr. LC50, LC90 values and their confidence intervals for third instar of mosquito larvae exposed to crude and fractionated leaf 

extracts of P. longum 
 

Extract Mosquito Hours of observe 
Concentration (µg/dl) 

LC50 LCL UCL LC90 LCL UCL 

Crude 

Ae. aegypti 
24 28.08 12.95 43.21 48.39 33.26 63.52 

48 23.51 8.38 38.64 44.56 39.23 49.89 

Cx. quinquefasciatus 
24 33.32 15.16 51.48 58.64 40.48 76.8 

48 26.58 8.42 44.74 52.72 34.56 70.88 

CC-CE4 

Ae. aegypti 
24 17.72 8.64 26.8 29.80 20.72 38.88 

48 13.52 6.18 20.86 23.23 15.89 30.57 

Cx. quinquefasciatus 
24 19.30 7.19 31.41 37.40 25.29 49.51 

48 15.36 8.22 22.5 29.69 22.55 36.83 

CC-CE6 

Ae. aegypti 
24 15.01 5.93 24.09 27.02 17.94 36.1 

48 12.44 5.10 19.78 23.77 16.43 31.11 

Cx. quinquefasciatus 
24 18.96 6.85 31.07 36.74 24.63 48.85 

48 15.06 5.27 24.85 28.6 18.88 38.46 

CC-CE8 

Ae. aegypti 
24 12.18 3.10 21.26 25.47 12.14 38.8 

48 9 1.66 16.34 21.02 13.68 28.36 

Cx. quinquefasciatus 
24 15.98 3.60 28.36 35.21 22.83 47.59 

48 12 2.21 21.79 28 18.21 37.79 

CC-CE – Column Chromatography-Chloroform Ethanol fraction, LC50 – lethal concentration that kills 50% of the exposed larvae, LC90 – 

lethal concentration that kills 90% of the exposed larvae, LCL- lower confidence limit (95%), UCL- upper confidence limit (95%). 
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Table 2: Mean n hr LC50 of P. longum leaf extracts to third instar mosquito larvae 
 

 

 

Sl.No. 

 

 

Extract 

Mosquito Species 

Ae. aegypti Cx. quinquefasciatus 

LC50 Time interval(in h) 

24 48 24 48 

1 Crude a28.08w±2.52 a23.51y±2.13y a 33.52x±2.2x a26.58y±2.45y 

2 CC-CE 4 b17.72w±2.34x b13.52y±2.35 b 19.3w±2.23x b15.36y±2.15 

3 CC-CE 6 bc15.01w±2.44x b12.44y±2.23 b18.96w±2.28x b15.06y±2.42 

4 CC-CE 8 b12.18w±2.19x b 9.0y±2.39 b 15.98w±2.2x b12.0y ±2.1 

Note: means in a column prefixed with the same alphabets are not significantly different row-wise comparison of means suffixed with w and 

x- 24 h; y and z-48 h-means not significally different when suffixed with the same alphabets. 

 

When the 24 and 48h LC50 values of Ae. aegypti and Cx. 

quinquefasciatus were compared (within rows) for both 

crude extracts and fractions, values significantly varied 

between the two-time interval whereas species-level 

comparison indicated significant variation only between 24h 

LC50 values of the crude extracts against Ae. aegypti and Cx. 

quinquefasciatus. A similar comparison of LC 90 values 

(Table 3) indicated significant variations between the crude 

extracts and the three fractions extracted from the crude 

extract. When the two mosquito species were compared, 

both the 24 and 48h LC90 values significantly varied 

between the two species for the crude as well as three 

extracts. 

 
Table 3: Mean n hr LC90 of P. longum leaf extracts to third instar mosquito larvae 

 

 

 

Sl.no. 

 

Extract 

Mosquito Species 

Ae. aegypti Cx. quinquefasciatus 

LC90 Time interval(in h) 

24 48 24 48 

1 Crude a48.39 w ± 2.21 a44.56y±2.28 a 58.64x±2.76 a52.72z±2.06 

2 CC-CE 4 b29.80 w ± 2.47 b23.23y±2.31 b 37.40 x ±2.24 b29.69z±2.28 

3 CC-CE 6 b27.02 w ± 2.37 b23.77y ±2.26 b36.74 x ±2.29 b28.67y±2.22 

4 CC-CE 8 b25.47 w ± 2.27 b 21.02y±2.4 b 35.21 x ±2.31 b28.0z ±2.37 

Note: means in a column prefixed with the same alphabets are not significantly different row-wise comparison of means suffixed with w and 

x- 24 h; y and z-48 h-means not significantly different when suffixed with the same alphabets. 

 

Discussion 

Plant extracts contain bioactive compounds that can kill 

larvae and other life stages genetically modify, kindle 

deterrence, inactivate the eggs, act as phytosterrilants, instill 

sterility or prevent normal development. Such varied 

targeted action cannot be expected when chemicals are used. 

Chemical pesticides act according to the all or none kit and 

go principle and are not functionally target specific. Inspite 

of the handicaps related to administering plant-based 

pesticides, they are very powerful, causing the least havoc to 

the environment [24, 26]. P. longum is a medicinal plant that 

grows luxuriantly in the areas of Western Ghats. The leaves 

of this plant may be picked even from the wild. The plant 

contains several bioactive compounds and is insecticidal. If 

only these compounds are properly isolated and 

incorporated into mosquitocidal formulations, mosquitoes 

could be intercepted at different levels of development [27, 

28]. 

In this study P. longum crude extract is less toxic compare 

to the fractions obtained from the extracts CC-CE 8 

recorded the highest toxicity with a 48h LC50 and LC90 of 

9.0±2.39; 21.02±2.4 for Ae. aegypti, and 12.0±2.1; 

28.0±2.37 for Cx. quinquefasciatus. Based on Tukey 

analysis, the LC50 of the three fractions did not vary among 

themselves but significantly varied from the crude extract. 

The crude extract is less toxic compared to the three 

fractions. The crude extract contains many bioactive 

compounds which interact with one another, reducing the 

toxicity of individual components. The LC50 and LC90 

values of CC-CE 8 are the least indicating that CC-CE 8 is 

highly toxic to both Ae. aegypti and Cx. quinquefasciatus. 

But Turkey’s analysis indicated that the LC50 and LC90 

fractions were not significantly different among themselves. 

 

Conclusion 

In conclusion, the bioassay result of this study indicated the 

larvicidal property of P. longum leaf crude and fractionated 

extracts against Ae. aegypti and Cx. quinquefasciatus 

mosquitoes. From the results, the fractionated groups 

showed significantly higher activity than the crude. Future 

research to the characterization of a pure compound of the 

active fractionated group should be explored to find a new 

highly efficient larvicidal substance. 
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