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ABSTRACT 

Mosquitoes transmit thoughtful human diseases, causing millions of deaths every year 

and the development of resistance to chemical insecticides resultant in recovering 

vectorial capacity. Plants can alternative sources of mosquito control agents. The 

present study assessed the role of natural products of plant origin with insecticidal 

properties for control of insect vectors. The résistance to chemical insecticides among 

mosquito species have been considered as a setback in vector control. Botanical 

larvicides are including conspicuously as alternative to synthetic chemical insecticides 

which are less degradable and toxic to non-target organisms. The aim of this study was 

larvicidal effects of Lantana camara plant extract on Anopheles tessellatus. The 

larvicidal activity and phytochemical showing of ethanol extract of leaves of Lantana 

camara were investigated in the laboratory against third instar larvae of Anopheles 

tessellatus for 24 and 48 hours and Lantana camara extracted were prepared and four 

different concentrations. Statistical analysis showed significant differences between the 

higher mortality for larvae. The highest (100%) mortality in the larvae occurred on 

treatment with 2000 ppm extract of L.camara. The maximum adult mortality was 

detected in the leaf extract (LC50 1000 ppm for 24 hours and LC50 199.526 ppm for 48 

hours) while no mortality was noticed in the control groups. The L.camara plant 

extracts effect on larvae with introduction of apoptosis or effect of larvae DNA. 

Therefore, done in a DNA fragment analysis and observed histological changes in 

tissue of larvae. The extracts of Lantana camara plant showed potent larvicidal 

efficacy. This study suggests that, the leaf extracts of the Lantana camara can 

considered as promising larvicide against Anopheles tessellates third stage larvae. 

Keywords: Anopheles tessellatus, Lantana camara, Larvae, Mosquitoes, Malaria 
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INTRODUCTION 

Vector-borne diseases 

A vector is a living organism that transfers 

an infectious agent from an infected animal 

to a human or another animal. Vector-borne 

diseases area transmitted by the bite of 

infected arthropod species, such as 

mosquitoes, ticks, triatomine bugs, 

sandflies, and blackflies (Confalonieri et 

al., 2007). Arthropod vectors are 

ectothermic and sensitive to climatic 

factors. However, climate is only one of 

several factors influencing vector 

distribution, such as habitat destruction, 

using land, pesticide application, and host 

density (Roberts, Schmidt, and John, 

2008). 

Mosquitoes are best known vector for 

disease and major public healthqproblem 

throughout the world (World Health 

Organization, 2016). Among the 3000 

species of mosquitoes noted worldwide, 

more than a hundred species are 

accomplished of transmitting various 

diseases in humans and other vertebrates. 

Vector-borne infectious diseases are 

malaria, denguebfever, yellow fever, and 

plague, causeca significant fraction of the 

worldwide infectiousbdisease burden; 

indeed, half of theaworld’s populationais 

infected with at least one type of vector-

bornevpathogen (Ricci et al., 2012). 

Over the years, synthetic insecticides were 

introduced. Even though, these are 

effective; insect tends to develop resistance 

to such products. These problems have 

required the essential for search and 

progress of environmentally safe, 

biodegradable, low-cost, native methods 

for malaria vector controlling which can be 

used as an alternative to synthetic 

insecticides (Jirakanjanakit et al., 2007). 

Malaria  

Malaria is caused by one of four species of 

the Plasmodiumnspecies parasite 

transmitted by female Anopheles spp. 

mosquitoes (Kuhn, Campbell-Lendrum & 

Davies, 2002). Historically malaria was 

endemic in Europe, but it was finally 

eliminated in 1975 through a number of 

factors connected to socioeconomic 

development. Any role that climate played 

in malaria reduction would have been 

small. However, malaria transmission is 

intricately connected to meteorological 

conditions such as temperature and 

precipitation (Guerra et al., 2008).  

Epidemiology of Malaria  

The World HealthcOrganization (WHO) 

has publishedxglobal estimates ofathe 

number of people thatqdie from malaria. In 

these 15 yearsqthe global deathqtoll has 

been cut in half: from1839, 000 deaths 1in 

2000 to 438,000 in 2015. Among these 

diseases, malariaqremains theqmost 

thoughtful vector-borneqdisease 

affectingqsome 300-500 millionvpeople 

and 1.4 to 2.6 million deathsqyearly 

throughout the world. More than 40% 

ofqthe world populationqlives in areas 

proneqto malaria (Figure 01) (Moss et al., 

2015). The World Health Organizationqhas 

certified thatqSri Lanka is a malaria-free 

nation, inqwhat it called a truly 

extraordinaryqachievement. But, the 

WHOqsaid, the countryqhad begun an anti-

malaria campaignqthat 

successfullyqtargeted the mosquito-borne 

parasiteqthat causes the disease (WHO, 

2015).
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Figure 01. Malaria incidence rates by countries 2000-2015 (World Health Organization, 2015) 

ANOPHELES MOSQUITOES  

Anopheles species mosquitoes occur 

almost worldwide, with the four species of 

human pathogenic Plasmodium spp. are 

transmitted significantly in nature by only 

some 30 species of Anopheles (Figure 02). 

Of the vectorial species, a handful is 

important in stable malaria, while others 

only become involved in epidemic spread 

of unstable malaria (Vinayagam, 

Senthilkumar and Umamaheswari, 2008). 

Sri Lanka is a Tropical Island located close 

to the southern tip of India. The most 

common species of Anopheles in Sri Lanka 

such as A. culicifacies, A. fluviatilis, A. 

stephensi and A. tessellates (Kannathasan 

et al., 2008). Anopheles life cycle is 

showed in Figure 03.  

 

ANOPHELES LIFE CYCLE 

 

 

Figure 02. The life cycle of mosquitoes. 

Stages within 24 to 48 hours, the eggs will 

hatch into larvae. The larvae will grow 

approximately 5mm in length within a span 

of seven to 10 days; the larvae will enter the 

stage of a pupa. When a mosquito is fully 

developed, it will emerge from its pupal 
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case and will become a mosquito. The new 

adult, at this time, will stand upon the water 

to dry its wings and prepare for its flight 

(Eckhoff, 2011). 

THE MALARIA PARASITE LIFE 

CYCLE

 

 

Figure 03. The malaria parasite life cycle 

involves two hosts. During a blood meal, a 

malaria-infected female Anopheles 

mosquito inoculates sporozoites into the 

human host. After this initial replication in 

the liver, the parasites undergo asexual 

multiplication in the erythrocytes. The 

gametocytes, male and female are ingested 

by an Anopheles mosquito during a blood 

meal. The parasites’ multiplication in the 

mosquito is known as the sporogonic cycle. 

The zygotes in turn become motile and 

elongated which invade the midgut wall of 

the mosquito, which make their way to the 

mosquito's salivary glands. Inoculation of 

the sporozoites into a new human host 

perpetuates the malaria life cycle (Centers 

for disease Control and Prevention, 2016) 

MALARIA CONTROL BY USING 

NATURAL PRODUCTS 

Methods to controlled mosquito a 

necessary component of disease prevention 

programs in developing countries. 

Mosquitoes of Anopheles in theqlarval 

stage are attractive target for 

controlqprocess due to theirslow mobility 

in theqbreeding habitatscand the ease to 

control in thesexhabitats (Howard, Zhou & 

Omlin, 2007). According to study of Lima 

et al., (2006), focusedcinterest on 

alternative compounds for mosquito 

control due tovincreasing resistance of 

mosquitoesvto the insecticides. Plants, 

being a natural source of various 

compounds are known to contain larvicidal 

agents (Govindarajan et al., 2011).  

Natural products are best option because 

they are less harmful to environment and 

non-target organisms. Several compounds 

from different plants families have been 

evaluated for new and promising larvicides 

(Hemalath et al., 2015). In recent years, the 

top priority in finding a nature based 

insecticide is that, they must be of plant 

origin and should not have any ill effects on 

the ecosystem. Isolated compounds of 

plants provided alternative source of 

mosquito repellents agents (Yang et al., 

2004). Lantana camara an important 

medicinal plant with several medicinal uses 

in traditional medication system. 

Lantana camara 

Lantana camara is a species of flowering 

plant within the family Verbenacea. It is a 

hefty extensive evergreen shrub which can 

grow up to 3 m in height and has a strong 

scent.  It is a perpetual shrub found growing 

up to 2000m altitude in tropical, subtropical 

parts of the world. All parts of this plant 

have been used conventionally for 

numerous illnesses all through the world 

(Vardien, et al., 2012). 
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Lantana camara also known as Ganda-

Pana or Rata Hinguru in Sri Lanka. An 

invasive plant is introduced to Sri Lanka in 

1926 and currently has spread across the 

island to a significant extent (Gunatnillake 

and Ranasinghe, 2001). Morphologybof L. 

camara is showed in Figure 04. 

 

 

Figure 04. Lantana camara plant with its 

pink-yellow flower 

Whole plant parts have been thoroughly 

studies for their chemical constituents. The 

major constitutes of leaf and flower 

essential oils are showed in Table 01. 

Table 01. Major compounds of Lantana 

camara leafs (Tesch et al., 2011) 

Chemical compounds  

Terpenoids 
steroids  
alkaloids 
β-caryophyllene 
zingiberene  
δ-humulene  

bicyclogermacrene 
germacrene D  
carvone phellandrene  
limonene  
cineole  
bisabolene 

Studies showed that L. camara has 

antimicrobial, fungicidal band insecticidal 

activity against stored grain insectbpests, 

vegetable crops pest, mosquito larvae, and 

other biological activities. L. camara has 

also been used in traditional herbal 

medicines for treatment of ailments, 

including cancer, skin itches,qrabies, 

asthma and ulcers (Sousa and Costa, 2012). 

This study will assumed to assess in the 

present communication, an attempt has 

been made to evaluate the larvicidal 

efficacy of the ethanol extracts from the 

Lantana camara leaves against medically 

important species of Anopheles spp.  

METHODOLOGY 

Collection of Lantana camara plant  

The mature leaves of Lantana camara were 

collected from Homagama area in western 

province, Sri Lanka. The area around 6° 59' 

36" N, 79° 58' 29" showed Figure 05. The 

Lantana camara plant and leaves showed 

Figure 06.  
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Figure 05. Lantana camara plant leaves 

collecting from Homagama area in Sri 

Lanka 

    

Figure 06. Lantana camara plants 

Fresh leaves (Figure 07 A) of 300.0g were washed tap water and air dried on polythene layer 

and it covered from polythene layer in 7 days in a shaded environment at room temperature. 

After 7 days, the dried leaves were grinder and prepared the 200g powder.  Then powder was 

packed in a polythene bag (Figure 07 B) and it was covered in aluminum foil. The powder was 

refrigerated at 4o C. 

 

                    

A      B 

Figure 07. A ) Lantana camara fresh mature leaf  B) Lantana camara leaf  powder packet 

REARING MOSQUITO LARVAE 

The mosquito larvae were obtained from 

the Department of Parasitology, Faculty of 

medicine, University of Colombo. Three 

larvae (n=3) were allocated into a petri 

dishes, each containing 10.0 ml of de-

chlorinated water (Figure 08). Larvae 

feeding with appropriate provide a food. 

Physiological parameters of the de-

chlorinated water including temperature 

and pH were measured. Container were 

B A 
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covered by using nylon net with small pore 

sizes and allowed to adapt to the 

environmental conditions for 24 hours. 

 

Figure 08. Three larvae were allocated into 

petri dishes. 

LARVAL IDENTIFICATION 

Stage III larvae were placed individually in 

petri dishes and observed under an inverted 

light microscope (LABOMED - TCM 400) 

with an objective (100x and 400x). Using 

standard larval keys developed for Sri 

Lankan anophelines. They were identified 

to the species level using Gunarathna, 2017 

Anopheles larvae key. Key larval 

characters were recorded for each species. 

Further, larval species identification was 

reconfirmed through adult identification. 

ADULT MOSQUITO 

IDENTIFICATION 

The adult mosquito immersed in 70% 

ethanol and refrigerated overnight. 

Thereafter, the mosquito was dissected and 

parts were mounted by using Canada 

balsam. Prepared permanent slides were 

observed and identified under the light 

microscope (CXL) with objective 400x 

using standard adult mosquito keys 

developed for Sri Lankan Anophelines.  

PLANT EXTRACTS PREPARATION 

The ethanol extract of the plant 

wasxprepared by dissolving 50.0g of 

driedspowder in 150.0 ml of solvent. The 

mixture was left in the dark at room 

temperature for 24 hours with shaking at 

regular intervals. Thereafter, the mixture 

was subjected to stirring at 500 rpm for 20 

minutes in a magnetic stire. The solution 

was filtered using a glass funnel and 

Whatman no. 1 filter paper. Filtrates were 

dried in the fume hood. The evaporated 

Lantarna camera extract was collected to 

an air tight container. Covered with 

aluminum foil and stored at 4o C 

refrigerated until further use.  

A 20 000 ppm stock solution was prepared 

by dissolving a measured 160.0 mg of 

Lantana camera extract in 100.0µL 

DMSO. Once the residue was completely 

dissolved, de-chlorinated water until the 

8.0 ml. (The ultimate concentration of 

DMSO in the stock solution was 0.1%). 

The stock solution was vigorously vortex to 

obtain a homogenized mixture. 

LARVICIDAL BIOASSAY TEST 

Four batches of concentrations were 

prepared each containing three sets of 

larvae triplicates (n=3) treated with 

different concentration Lantana camara 

plant extract. The larvicidal activity was 

assessed by the procedure (World Health 

Organization, 2005). Each concentration 

was prepared by replacing, an appropriate 

volume of de-chlorinated water with the 

stock solution. The control set was 

prepared by adding 0.1% DMSO. The 

larval behavior was noted at regular time 

intervals and the mortality was recorded 
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following 24 and 48 hours of exposure 

(Table 03).  

Table 03. Concentration with stock and 

deionized water 

Treatment Concentration 

(ppm) 

C0 [control] 0 

C1 100 

C2 500 

C3 1000 

C4 2000 
 

DNA FRAGMENTATION ANALYSIS 

The concentration of 2000 ppm larvae 

obtained 24 hours post-exposure was in 5 

ml of ice cold PBS. For the DNA extraction 

procedure, PBS buffer was removed from 

the micro centrifuge tube. Thereafter, the 

larvae was homogenized in Liffton’s buffer 

and kept for 30 minutes. Subsequently, 

Proteinase K was added to the 

homogenized sample and vortex. The 

mixture was incubated for 1 hour at 55°C.  

This was followed by the addition of 

phenol: choloroform: Isoamyl alcoholcto 

the sample. The sample was vortex and 

centrifuged at 12 000crpm for 15 minutes. 

The aqueous layer of the sample was 

transferred to a new micro centrifuge tube 

and equal volume of Ice cold Isopropanol 

was added. The extract was stored in -20°C 

for 30 minutes. Thereafter, the extract was 

centrifuged at 12 000 rpm for 15 minutes. 

The supernatant was removed from the 

Eppendorf and the pellet was dried. 

Subsequently, nucleus free water was 

added to micro centrifuge tube.   

1.0% Agarose gel was placed on the 

electrophoresis chamber in a horizontal 

position and TBE buffer was added to the 

chamber until it covered the gel. Then 

8.0µL ethidium bromide was added to the 

chamber.  Then 10 µL of DNA extract were 

mixed with 5µL of gel loading buffer and 

loaded into the wells. The lid of the 

chamber was closed and gel was let to run 

at 100V for 1 hour till the dye. The gel was 

placed in the UV Trans-illuminator and 

bands were observed using the software 

and the monitor. 

HISTOLOGICAL PROCEDURE 

For histological studies, 2000 ppm live 

larvae after 24 and 48 hours exposure to the 

Lantarna camera extract were fixed in 5 ml 

of 10% neutral buffered formalin and 

refrigerated. After dehydration (see 

Appendix 02) in a graded ethanol series, the 

larvae were subjected to two washes in 

xylene. Thereafter, larvae were immersed 

in two paraffin wax baths at 58-60o C 

before infiltration by using a paraffin 

dispenser (TEC 9000). For the paraffin 

block preparation, the mould was filled 

with wax in to which the larvae were 

oriented and the cassette was placed. Once 

solidified, paraffin block was kept at 4oC 

until use. The paraffin block was sectioned 

using rotary microtome (SHANDON 

FINESSE 325) at 7 µm. Sections were 

mounted on to glass slides which were 

homogenized coated with egg albumin. The 

slides were placed on the slide dryer (SD 

2800) at 38o C for 30 minutes. The slides 

were observed under the light microscope 

(CXL) at objective 100x to ensure the 

presence of larval tissue. 

The larval tissues were stained using 

Hematoxyllin and Eosin staining procedure 

(See Appendix 02) and observed under the 

light microscope (CXL) at objective 400x 

to identify histological changes in the 
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cuticle after the exposure to the plant 

extract. 

It was noted the death of larvae exposed to 

high concentrations. Therefore, to study 

histological changes in Anopheles larvae, 

the experiment was extended. A new set of 

second instar larvae were exposed to C3 

C4, control (n=3) in triplicates. 

STATISTICAL ANALYSIS 

Statistics at 95% confidence limits of upper 

confidence limit, lower confidence limit 

were calculated using the SPSS 11.5 

(Statistical Package of Social Sciences) 

software and Excel. Results with P < 0.05 

were considered to be statistically 

significant used two-way ANOVA. The 

mean mortality percentage of larvae 

mortality data was subjected to probit 

analysis for calculatingcLC50. 

RESULTS 

Larvae Identification 

Morphological features of head, thorax, 

and abdomen three body regions were 

noted.  

 

 

 

 

 

       A                   B 
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C 

Figure 09. A) Microscopic of view of mosquito larvae (100x) B) Figure 2: Seta 1-A simple; 2-

C inserted at least as far apart as the distance between 2-C and 3-C on one side C) Long 

thoracic pleural setae 9, 10, 12-P, 9, 10-M and 9, 10-T simple. Seta 1-P weak, 2-5 branched; 

1, 2-P arising from separate basal tubercles, only tubercle of 2-P prominent and sclerotized 

(400x) 

According to the morphological features of 

the dosal view of head (Figure 7 A), the 

subgenus Cellia was disguised from the 

subgenus Anopheles (Amarasinghe, 1997). 

The Sri Lankan anophelines of this 

subgenus belong to four taxonomic series: 

the Myzomyia, Pyretophorous,qNeocellia, 

andcNeomyzomyia series. The subgenus 

Cellia includes several species; 

culicifacies, karwari, subpictus, tessellatus, 

vagus, varuna (Gunathilaka, 2017). 

The features observed ventraleview (Figure 

09, C) distinguished the taxonomic series 

as Neomyzomyia. Two species, A. 

tessellatus and A. elegans have been 

reportedvunder Neomyzomyia series in Sri 

Lanka.  

Based on the characteristics observed in the 

dosal view of prothorax (Figure 09) 

distinguished the spices as A. tessellatus 

from A. elegans. The species identification 

was further confirmed by observing the 

morphological features of the adult 

mosquito.  

ADULT MOSQUITO 

IDENTIFICATION 

In the adult mosquito, following 
morphological features distinguished 

species of subgenus Cellia frombthose 
of the subgenus Anopheles: wing with 4 
or more darks marks involving both 

costa and veins R-R1 accessory sector 
pale (ASP) spot present on costa. The 

subgenuscCellia includes several 

10 

9 

9 

9 

10 

10 
9 

M 

T 

P 

2 

3 

1 
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species; culicifacies, 

pseudojamesi,qsubpictus, tessellatus, 
vagus, varuna (Gunathilaka, 2017). 

 

      

A        B 

Figure 10. Features of adult mosquito A) Femur and tibia speckled B) Apical half of the 

proboscis pale scale 

 

According to these features such as 

speckled femur and tibia as shown in 

Figure 08.  Based on the following 

characteristics distinguished the A. 

tessellatus (Gunathilaka, 2017). 

Mortality rate of Anopheles tessellatus  

 

The following table showed in a mortality 

rate of Anopheles tessellatus within 24 and 

48 hours. 

Table 04. Mean percentage mortality of 

Anopheles tessellatus caused Lantana 

camara 

Samp

le   

Concentrat

ion (ppm) 

Mortality 

MeanSE (%) 

24hrs 48hrs 

N/C 0 0 0 

C1 100 

11.11 

 

11.11 

55.56 

 

11.11 

C2 500 

22.22 

 

11.11 

33.33 

 0 

C3 1000 

44.44 

 

11.11 

88.89 

 

22.22 

C4 2000 

77.78 

 

11.11 

100  

0 

        

 

The highest rate of mortality in larvae was 

detected where the highest concentration of 

extraction was exposed (P<0.05, Tukey’s 

pairwise tests after one way ANOVA). 

Highest mortality rate was observed in the 

highest concentration of the extract. 

According to statistical test results, it was 
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evident that the mortality of larvae exposed 

to 2000ppm was significantly different 

from control, 100ppm, 500 ppm and 

1000ppm in 24h exposure(P<0.05, Tukey’s 

pairwise tests after one way ANOVA). And 

also the mortality rate was increased with 

the exposure period (P<0.05, Turkey’s 

pairwise tests after one way ANOVA).  

 

Figure 11. Mean percentage mortality rates 

of A. tessellatus larvae at different 

concentrations of different time periods of 

Lantana camara (SE) 

Table 05. Summary of the two-way 

ANOVA (balanced design) between the 

Lantana camara extract concentrations and 

the time of exposure upon the percentage 

mortality of Anopheles tessellatus larvae 

 

Sourc

e 

Typ

e III 

Sum 

of 

Squ

ares 

df Mea

n 

Squ

are 

F Sig

. 

conce

ntratio

n 

276

30.4

82 

4 690

7.62

0 

20.

72

1 

.00

0 

Time 

370

3.63

0 

1 370

3.63

0 

11.

11

0 

.00

3 

conce

ntratio

n * 

Time 

185

2.03

7 

4 463.

009 

1.3

89 

.27

4 

Error 

666

7.11

1 

20 333.

356 

  

Total 

933

33.3

34 

30    

Corre

cted 

Total 

398

53.2

59 

29    

MEDIUM LETHAL 

CONCENTRATION LC50  

According to results of the probit analysis 

at a 95% confidence level showed that the 

LC50 values gradually decreased with the 

exposure time from 24 to 48 hours. 

Table 06. Probit regression line 

parameters response of Anopheles 

tessellatus larvae to Lantana camara plant 

extracts. 

Tim
e 
peri
od 

LC50 Regression 
equation  

R 
value 

24 
hour
s 

1000ppm y=1.66x+0.
072 

0.982
61 

48 
hour
s 

199.526p
pm 

y=2.17x+0.
036 

0.909
39 
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Behavioral changes of A. tessellatus 

larvae, after exposing to the ethanol leaf 

extract Lantana camara  

Physical characteristics of water used for 

the study, medium temperature 280C and 

pH 6.6 were within the permissible limits 

throughout the study period. 

Mosquito larvae exposed to the L.camara 

leaf extract showed significant behavioral 

changes during 30 minutes of exposure. 

The most clear behavioral change observed 

in A. tessellatus was inability to come on 

the surface. According to the 1 hour 

exposure results, all the larvae of control 

showed movements. All the larvae of 

highest concentration (2000 ppm) came to 

the surface of the solution. Also, 55.56% 

larvae in 1000 ppm concentration came to 

the surface and others were showed some 

movements. All the larvae of 500ppm and 

100ppm concentration showed lethargic. 

After the exposing 24 hours, all the larvae 

of control showed less movement. 55.56% 

larvae were dead and 22.22% were in 

lethargic and 2 were in showed fewer 

movements in 2000ppm concentration. 

33.33% larvae were dead and 33.33% were 

in lethargic and 33.33% were showed some 

movements in 1000ppm concentration. 

11.11% larvae dead and 33.33% larvae 

were lethargic and others were showed 

some movements in 500 ppm. 22.22% 

larvae were lethargic and others were 

showed movements of 100 ppm 

concentration. No such behavioral changes 

were obtained in control group. 

Metamorphosis was not occurred in larvae 

during the 48 hours.  

DNA FRAGMENTATION ANALYSIS 

The quality of genomic DNAqusing 

phenol:chloroform extraction methods was 

visualized on 1% Agarose gel (Figure 12). 

Clear bands were observed control and 

sample (2000 ppm concentration), 

indicating no degradation of genomic 

DNA. 

 

  

 

 

 

 

 

 

 

Figure 12. Gel image of DNA from larvae 

obtain agarose gel electrophoresis at 1 

hour. Lane M contains molecular weight 

marker (50 bp DNA ladder). Lane 1 for 

control and Lane 2 for extracted DNA in 

Anopheles tessellatus larvae treated with 

Lantana camara extracts 

HISTOLOGY  

1000 bp 
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Anopheles tessellates larvae treated with 

Lantana camara extract were compared 

with untreated larvae. The results of the 

histological studies confirmed that Lantana 

camara extract caused distinguished 

damaged to the cuticle leading to 

complementary destroyed. When treated 

with Lantana camara, the mid gut 

epithelium and caeca of the larval tissue 

was affected, as showed in figure 13.  

                  

                         A        B 

Figure 13. Histological alterations on Anopheles tessellatus larvae. (A) Larvae exposed to the 

Lantana camara extract. The larvae tissue was showed degradated tissue B). Control larvae 

stained with HE. The close association among rope-like cuticle. Cuticle was interact and 

showed mid gut 

 

DISCUSSION 

Mosquitoqlarval controlqusing 

larvicidalaagents is a majorqcomponent in 

the control of vectorwborne diseases. 

Plantqas larvicide is consideredqas 

practical and chosen alternative in 

theqcontrol of the mosquitoqspecies at 

theqcommunity level (Hemalatha et al., 

2015). Therefore, alternativeccontrol 

methods arevin useful; plant 

sourcesbpossess a widebrange of 

pharmaceutical andfinsecticidal assets. 

Botanicalbinsecticides serve as appropriate 

alternatives tobsynthetic insecticides in 

futurebas they are relativelynsafe, 

degradable, and are readilyfavailable in 

many areasqof the world (Sivagnaname 

and Kalyanasundaram, 2004). Many plant 

extractsqare known to be toxicqto different 

specieswof mosquitoes and could be 

usedqto control the diseasesethey transmit 

(Willcox et al., 2004).  

A large number of plant extracts have been 

reported to shave mosquitocidal or 

repellent activities against mosquito 

vectors, but few plant products have shown 

practical utility for mosquito control (Sun 

et al., 2006). In the present study ehanolic 

extract of Lantana camara showed 100% 

larvicidal activity against the third instar 

larvae of Anopheles tessellatus. 

Mid Gut 

Intact 

Cuticle 

Damaged 

cuticle 

Distinguished mid 

gut 
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A pointqto be highlightedwhere is that 

syntheticrpesticides have been usedqto 

killqmosquito larvae. Similarly, the present 

study purposeqof this work was larvicidal 

effects of Lantana camara plant extract on 

Anopheles species. The larvicidal 

properties of Lantana camara have 

beenvinvestigated in a numberbof studies 

(Remia and Logaswamy 2010). Kumar et 

al., (2013) foundwthat the ethanol extract 

of L. camara leaveseshowed 

maximumbmortality towards Aedes 

aegypytinand Culex quinquefasciatus 

mosquito larvae. The present studybwas 

carried outmto study the effectstof the 

L.camara leaf extractbon the mortality of 

Anopheles larvaewwhich may be helpful in 

the controlfof Anopheles mosquitoes. 

Lantana camara is reported to possess 

insecticidal activity against stored 

grainqpest, vegetable crops pest, mosquito 

larvae and antifungal, repellent, and other 

biological activities (Barreto et al., 2010). 

In the present study the powder extracted 

from L. camara leaves showed adulticidal 

activityqagainst various mosquitoes against 

A. tessellatus using 100% 

extractsnrespectively. This is in agreement 

with Dua et al., (2010) who found the 

adulticidalqactivity of the L. camara to be 

mostqtoxic to An. fluviatilis followed by A. 

culicifacies and A. tessellatus and 

(Kemabonta et al., 2014). Senthilnathan, 

(2010) studied the ethanolqextract of L. 

camara which shows high larvicidal 

activity againstqAe. aegypti and Culex 

quinquefasciatus. 

As opposed to the comparative study of 

Sathish and Maneemegalai (2008) wherein 

they utilized different parts of L. camara, 

the present study only bused the leaf part 

which is the abundant part of the plant. In 

their study, methanolicrflower extract 

yields 100% mortality rate on the 

concentration achieving the same results 

with ethanolic  extractqof the flower. 

The effects of extract were studied win a 

dose dependent manner (Yuan and Hu, 

2010). The ethanol extract of L. camara 

was found to have a higher rate of mortality 

on Anopheles tessellatus. The third-instar 

stage of A. tessellatus larvae was treated 

with different concentrations. And also, the 

mortality rate increased with increase in 

concentration and exposure of time.  

Furthermore, ethanol is safe to man, not as 

highly toxic as methanol which is known to 

produce skin irritations and even blindness 

when ingested (Alothman et al., 2009; 

Durling et al., 2007). Then again, in a study 

conducted byvRajasekaran & Duraikannan 

(2012), ethanol extract Lantana camara 

showed 100%qmortalitydafter 24hrs of 

incubation. 

Also, the results of the study showed that 

there were significant differences between 

the higher concentrations of each plant 

extract and the larvicide against An. 

tessellatus larvae. The highest rate of 

mortality in larvae was detected where the 

highest concentration of extraction was 

exposed. Therefore done by a statistical 

analysis to these data according to 

ANOVA, Kolmogorov smirnov test. This 

showed significance level less than the 0.05 

that mortalities increased with 

concentration (0.002 < 0.05), these results 

confirm the report of (Pelah et al, 2005) 

that thereawas a positive correlation 

between concentration and the percentage 

of the larval mortality (Rahuman et al., 

2009). The data confirmed in normally 

distributed and post hoc tests equal 

variance assumed by Tukey and it was 

showed results in significance level then 

done by a Two-way ANOVA test.  
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The present study also shows that there is 

significant difference among the treatments 

and the concentrations of all yields L. 

camara ethanolic leaf extract as an 

ineffectivedlarvicide as different to the 

study made by Sathish and Maneemegalai 

(2008). The extraction solvent and the part 

of the plant utilized greatly affect the result 

of the experiment recently done. 

However, on the individual basis, L. 

camara exhibited a higher larvicidal effect 

and observed with their LC50. Ethanol leaf 

extract of L. camara showed leastqLC50 

value of 1000 ppm for 24 hours and 

199.526 ppm for 48 hours at 95% 

confidence interval confirming the 

presence of bioactive compounds in the 

extract. These results show the drastically 

decreased LC50 values with the exposure 

time from 24 to 48 hours. Low 

concentrations (1000 ppm) which makes 

them preferable to synthetic insecticides. 

However, combined effects or synergistic 

effects of various control agents have 

proved very advantageous in the control of 

various pests (Seyoum et al., 2002) 

reviewed different mosquito larvicidal 

plant species with growth retarding, 

reproduction inhibiting, ovicides, 

synergistic, additive and antagonistic 

action of botanical mixtures (Shaalan et al., 

2002). 

The results of lantana leaves extract of 

ethanol proved that they have larvicidal 

properties againstnA. tessellatus larvae. 

These findings agreed with Nath et al., 

(2006) who found that leaf extract of L. 

camara showed larvicidal (LC50) activity 

against Aedes albopictus. Another study by 

Innocent et al., (2008) showed the effect of 

the root barks extracts of Lantana camara 

against late third instar larvae of Anopheles 

gambiae.  

The mosquito larvae exposed under 

L.camara plant extract showed significant 

behavioral changes observed withinq30 

minutes, 1 hour and 24 hours of exposure. 

The most obvious sign of behavioral 

changes observed in A. tessellatus was 

inability to come on the surface. The larvae 

also showed restlessness, loss of 

equilibrium and finally led to death. These 

behavioral effects were more pronounced 

in case of L.camaranextracts after 

exposure. These effects may be due the 

presence of neurotoxic compounds inn 

plant (Remia and Logaswamy, 2010). 

These larvae showed different levels of 

susceptibility demonstrated by the time 

required to larvae lose their agility after 

exposed toppling extract. This was 

probably because larvae lost their capacity 

to maintain at the water surface to get to the 

surface fornbreathing. 

Results of the experiment conducted form 

evaluating the larvicidal efficacy of 

Lantana camara showed that was toxic to 

the A. tessellatus. According to the study of 

park et al., (2002) determined the LC50 and 

observed behavioral changes and mortality 

in the larvae. Similar observations were 

noticed in the present study.  

According to all these results, L.camara 

plant extract may be effect on larvae tissues 

of the organism with induction of apoptosis 

or effect of larvae DNA. Therefore, done in 

a DNA fragmentation analysis and 

observed histological changes in tissue of 

larvae.  

Based on our results of DNA analysis, had 

no Lantana camarabethanol extract effect 

in A. tessellatus DNA. It can be due to the 

time period and exposed concentration of 

the plant. These all larvae were exposed in 

24 hours therefore, the time period may not 

enough to effect larvae DNA. Although, L. 
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camara plant compounds were slowly 

broken down enzymatically (Juen and 

Traugott, 2005). This could be either due to 

the fact that plant compounds were harder 

to digest or caused by thebphysiology 

andbmetabolic rates of these larvae.  

Phenol chloroform extraction is used a 

lysed cells or homogenised tissue and this 

procedure was often performed multiple 

times to increase the purity of the DNA. 

This procedure takes advantage of the fact 

that deproteinization is more efficient when 

two different organic solvents fare used 

instead of one. Furthermore, phenol 

denatures proteins efficiently; it does not 

completely inhibit RNasenactivity. The 

phenol chloroform isolation method is 

notbefficient, because many samples can be 

processed in parallel and hazardous 

chemicals are used (Sambrook and Russell, 

2017). However, DNA generated by the 

phenolechloroform isolation method is 

sheared band often contains a huge amount 

of contaminating compounds, which make 

this DNA unsuitable for requests 

susceptible to sheared or contaminated 

DNA.  

In the histological study the whole larva 

processing method can be easily and 

quickly performed in a Histology 

laboratory, with only minimal precautions 

to achieve an optimal fixation and 

inclusion. However, the exposed A. 

tessellatus larvae were degreagated 

compared to the control. This can be due to 

some errors of tissue fixing and sectioning. 

Fixative fixation protocol may depend on 

the additional processing steps and final 

analyses that are planned. In this case, 

quick fix method using cold formalin for 

around 24nhours is typically mused and 

that time can vary depending on the 

biological material.  

The recent study is guided by the following 

objectives all throughout the research, to 

determine the larvicidal effects of Lantana 

camara leaf in ethanol extract against 

Anopheles sp. Larvae of mosquitoes found 

within the Sri Lanka, to assess the 

effectiveness of the treatments in a dose-

dependent manner which were used 

different concentrations of Lntana camara 

extract and to figure out if there is a 

significant difference in the mortality 

among them treatments used.  

The recent study is guided by them 

following objectives all throughout the 

research, to determine the larvicidal 

potential of L. camara leaf extract against 

larvae of common species of mosquitoes, to 

assess the effectiveness of the treatments in 

a dose-dependent manner which are 100, 

500, 1000 and 2000 ppm and to figure out 

if there was a significant difference in the 

mortality among the treatments used. The 

L. camara ethanolic leaf extracts was found 

to have larvicidal potential against A. 

tessellatus mosquitoes. Results showed that 

it had 100% percentage of mortality on the 

larvae tested for 48 hours.  

FUTURE WORK 

For future work, to consider using bother 

parts of the Lantana camara such as the 

flowers, because it has-been proven to have 

highermmortality rate than then leaves that 

had used in this experiment. Utilize a 

higher treatment dosage to check the 

potency of then extract. Also, extend the 

observation of larvae form about 72 hours 

after pouring the extract because the 

efficacy of the extract takes longer hours. 

Last, to identify the A. tessellatus mosquito 

larval and the exact instar they are going to 

utilize to know if the Lantana camara has 
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a different effect based on a specific A. 

tessellatus and instar.  

Recently, abnovel method has become 

available for identifying the A. tessellatus 

of mosquito larvae. This method compares 

DNA sequences from field-collected, 

unidentified larval samples with those of 

identified adult samples. Using this 

molecular species identification technique, 

studies have revealed previously unknown 

morphological and ecologicalmtraits of 

many A. tessellatus during larval stages.  

The Lantana camara leaf extract effect of 

the A. tessellatus larvae, DNA extraction 

can be used directly for molecular analyses 

such as PCR. This is an added advantage, 

especially where small initial samples have 

DNA of low concentration due to the loss 

of some of the DNA in the process of 

extraction and elution. 

A partially purified toxin fraction and 

lantadene can be obtained from Lantana 

camara leaves by batch extraction, column 

chromatography and fractional 

crystallization. Further scientific 

investigation for the development of 

effective therapeutic compounds will be 

found in Lantana camara. 
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APPENDIX 01 – HISTOLOGY 

PROCEDURE 

Hematoxylin and Eosin staining 

procedure (H & E Staining) 

The mounted larval tissue slides were 

stained with using following H & E 

Staining Procedure. 

Xylene I - 5 minutes 

Xylene II - 5 minutes 

100% Ethanol I - 3 minutes 

100% Ethanol II - 3 minutes 

95% Ethanol - 3 minutes 

70% Ethanol -3 minutes 

Distilled Water - 30 Seconds 

Hematoxylin- 45 Seconds 

Tap water - 2 -3 minutes 
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Distilled water  - 1-2 minutes 

Acid Alcohol - 15 Seconds 

70% Ethanol -3 minutes 

Eosin - 5-10 Seconds 

95% Ethanol - 30 Seconds 

100% Ethanol I - 3 minutes 

100% Ethanol II - 3 minutes 

Xylene I - 3 minutes 

Xylene II -3 minutes 

After the staining procedure, a drop of 

Canada balsam was put on the section and 

placed a cover slip, press to remove air 

bubbles. Let it dry for 5-10 minutes. 

  

 

  

 

 

 

 

 

 

 

 

 

 


