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A B S T R A C T

Vector-borne diseases are increasing exponentially, and the mosquito vectors contribute to the majority of it.
Dengue fever is considered one of the foremost causes of causalities around the globe, which is primarily
transmitted by Aedes aegypti. Control sequences of this vector species using chemical insecticides are now
come to be insufficient due to the rapid resistance development in the aimed species. To avoid this, a newer
concept of synergy has been introduced by combining two or more compounds with pesticidal capacity. In
this study, a hexane extract of the plant Croton bonplandianum are separately combined with two pyreth-
roids, Lambda-cyhalothrin and Cypermethrin against the dengue fever vector, Aedes aegypti. Individual larvi-
cidal capabilities and the synergistic effects of these compounds were inquired, and synergism was found to
provide better larvicidal activity.

© 2021 SAAB. Published by Elsevier B.V. All rights reserved.
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1. Introduction

In the 1780s, a clinically recognized dengue outbreak was detailed
in different continents, counting Asia, Africa, and North America. As
per the records, the epidemics coincided in these regions
(Gupta et al., 2012). Nowadays, dengue has swept into most of Asian
countries and turn out to be a dominant cause of causalities counting
both adults and children. Studies suggest that around 3.9 billion peo-
ple in 129 countries are at the risk of Dengue infection, of which Asia
constitutes as much as 70 percentage (Bhatt et al., 2013, Brady et al.,
2012).

Aedes (Stegomyia) aegypti (Linneaus) is assigned as the worldwide
primary vector of the Dengue fever virus as there was an increased
distribution of this vector species relating to a similar pattern of
regional virus transmission (Mackenzie et al., 2004). Aedes aegypti is
also known to be the vectors of Chikungunya and yellow fever.
Plant extracts are used in the practice of effective insect pest
repellents or pesticides from ancient times. Nevertheless, after syn-
thetic or Chemical insecticides' invention, they have been elapsed or
evaded for decades because they were far behind these chemical for-
mulations when it comes to the concentration of application
(Ghosh et al., 2012, McIndoo,1945). Nevertheless, after the substan-
tial discharge of these chemicals to the environment, it has slowly
started revealing its negative impacts. They have already upset our
ecosystem, toxified the non-targeted species, and the major draw-
back was considered as the development of resistance in the targeted
species. Studies revealed that mosquitoes are developing resistance
to such formulations swiftly (Karunaratne and Hemingway, 2000 and
Selvi et al., 2010)

In this field of mosquito vector control, intermediary strategies
are being discussed and designed, which could moderate the neg-
ative attributes of both individual methods. For this, a synergistic
effect of both plant and chemical insecticides are used in such a
way that the minimum quantity of the chemical insecticide is
benefited in proportion to the other (Bernard and Philo-
gene, 1993).
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2. Methodology

2.1. Mosquito colony

Laboratory colonized Aedes aegypti larvae that were maintained in
an insectary at the Communicable Disease and Research Laboratory
were used for the tests. The adults were reared in sterilized cages fit-
ted with mosquito netting and fed first on freshly water-soaked raisin
at 27§2°C, 75�85% RH with 14:10 L/D photoperiod cycle. Female
mosquitoes were allowed to feed on blood placed in resting cage on
the third-day post-emergence. The conditions were sustained con-
stant throughout the experiments.
2.2. Plant extract bioassay

The plant selected for this study was collected from the Palakkal
Kol situated in Thrissur, Kerala, India (10o33’22.2” N 76o10’41.6” E).
The preliminary criteria for the selection were the aromatic nature of
the plant species. It was identified as Croton bonplandianum Baill,
which is coming under the family Euphorbiaceae. For the larval bio-
assay, the leaves of the plant were collected, cleaned with tap water,
and was subjected to shade drying. Fine powder of the dried leaves
was made by crushing it in a hand mixer grinder. The extractions
were done in a Dionex ASE 150 accelerated solvent extractor at 100°
C and 1700 PSI for 20 minutes using hexane as the solvent. The col-
lected extracts were then subjected to HS-2005V-N Rotary Flash
evaporator under reduced pressure at 40°C to remove the solvent.
The rest of the extract was lyophilized for further drying procedures.
Stock solutions were prepared by dissolving a specific quantity of
extract in acetone to prepare the stock solution. WHO procedure
(WHO, 2005) with slight modifications was followed to conduct lar-
val bioassay.

Test concentrations were primed by adding 1ml of identified con-
centration of the plant extract. This was further made up to 250ml by
means of dechlorinated tap water. A control was upheld with 1 ml of
acetone in 249ml water per experiment.

Twenty-five Aedes aegypti larvae were released into each test con-
centrations as well as control, and three replicates were kept for both
control and tests. The test was carried out for 24 hours without dis-
turbing the whole set up. The larvae were not provided with food in
both control and test during the experiment time. After completing
the experiment period, larvae were analyzed, and it was anticipated
as dead or moribund for not having any response to the gentle nudg-
ing with a fine needle. The experiment set up was done at the room
temperature of 27§2°C and 75§5% humidity.
2.3. Insecticide bioassay

Two pyrethroid insecticides, Cypermethrin, Lambda-cyhalothrin,
were selected for this study. To prepare the stock solution, 1milli-
gram of insecticide was dissolved in 10ml acetone. A range of varying
concentrations was prepared for each insecticide used for synergic
study from this stock. An analogous method of plant extract bioassay
was executed with the insecticides against fourth instar larvae of
Aedes aegypti.
Table 1
Mean and Percentage Mortality with Standard deviation of Aedes aegypti larvae against hex

Observed parameters Plant e

10 20 30

Mean Mortality with SD 3.333333 § 0.816497 8.5 § 1.048809 13.16667 §
Percentage Mortality with SD 13.33333 § 0.816497 34 § 1.048809 52.66667 §
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2.4. Synergistic assay of phyto-extracts and insecticides

Two different tests were organized with the insecticide and plant
extract for finding out the Co-toxicity coefficient (CTC) and Synergis-
tic factor SF.
2.4.1. Co-toxicity coefficient (CTC)
For finding the Co- toxicity coefficient (CTC), a test solution was

prepared by combining the insecticide and plant extract in the same
ratio (1:1). Both the LC25 concentrations of insecticide and plant
extracts that were previously determined were selected for this test.
500ml of each solution were combined, and it was made up to 250 ml
using tap water. Control for this test was made by adding the combi-
nation of 500 ml of alcohol and acetone in the same ratio and volume
to the tap water.

Co� toxicity coefficient ðCTCÞ

¼ 100� ðObserved % mortality� Expected % mortalityÞ
Expected % mortality

A positive factor or CTC >20 specifies synergism, a negative factor
or CTC <0 specifies antagonism and the transitional values of 0 < CTC
< 20 designates an additive effect

Expected mortality is estimated as the total of percentage mortal-
ities at LC25 concentration of both the test materials independently.

The observed mortality is the documented mortality obtained at
24 h after exposure to the mixtures (Sun and Johnson, 1960).
2.4.2. Synergistic Factor (SF)
The LC25 value of the plant extract was made inflexible to docu-

ment the synergistic factor of the insecticide-Plant extract combina-
tion, and varying concentrations of the insecticides were prepared
independently.

Synergistic factor ðSFÞ

¼ ðLC50 or LC90 of the insecticide aloneÞ
ðLC50 or LC90 of the insecticide with plant extractÞ

A value higher than one for synergistic factor denotes synergism and
a value lower than one denotes antagonism (Kalyanasundaram and
Das, 1985)
2.5. GC-MS analysis

GC-MS analysis was performed using a GC Clarus 500Perkin
Elmer, including AOC-20i Autosampler and Gas Chromatograph
intermingling with a Mass Spectrometer instrument. The environ-
ments upheld for the trial consist of a Column Elite-5MS glued silica
capillary column (30mm x0.25mm x 0.25 mm df composed of 5%
Diphenyl/95% Dimethylpolysiloxane), functioning in operating in
electron impact manner at 70eV. A constant flow rate of 1 ml per
minute and injection volume of 3 ml (split ratio 10:1) was sustained
for carrier gas Helium (99.999%) at an injector temperature 250°C
and ion-source temperature 280°C. The average peak area of each
ane extract of Croton bonplandianum Baill.

xtract Test concentrations in ppm

40 50 60

0.752773 15.66667 § 0.816497 20.83333 § 0.752773 23.16667 § 0.752773
0.752773 62.66667 § 0.816497 83.33333 § 0.752773 92.66667 § 0.752773



Table 2
Mean and percentage mortality with standard deviation of aedes aegypti larvae against cypermethrin.

Observed parameters Cypermethrin Test concentrations in ppm

0.00004 0.00010 0.00016 0.00022 0.00028 0.00034

Mean Mortality with SD 4 § 0.632456 8.333333 § 0.516398 12.5 § 0.547723 16.16667 § 0.408248 20.16667 § 1.169045 23.83333 § 0.408248
Percentage Mortality with SD 16 § 0.632456 33.33333 § 0.516398 50 § 0.547723 64.66667 § 0.408248 80.66667 § 1.169045 95.33333 § 0.408248

Table 3
Mean and percentage mortality with standard deviation of Aedes aegypti larvae against Lambda-cyhalothrin.

Observed parameters Lambda-cyhalothrin Test concentration in ppm

0.00002 0.00004 0.00006 0.00008 0.0001 0.00012

Mean Mortality with SD 3.5 § 0.547723 8.833333 § 0.752773 12.5 § 0.547723 15.66667 § 0.516398 20.66667 § 1.36626 23.83333 § 0.408248
Percentage Mortality with SD 14 § 0.547723 35.33333 § 0.752773 50 § 0.547723 62.66667 § 0.516398 82.66667 § 1.36626 95.33333 § 0.408248
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chemical compound was premeditated by comparing the average
peak area to the total area.

2.6. Statistical analysis

Abbott's formula (Abbot, 1925) was used to adjust the larval mor-
tality counts if needed. The data were further subjected to regression
analysis of probit mortality (Finney, 1971), and the SPSS software 24
version was used for the significant effect of plant extract and syn-
ergy. Figures arev designed using Microsoft excel 10.

3. Results

3.1. Larval bioassay results

Larvicidal activity of plant extract and two insecticides were indi-
vidually assessed versus late third or early fourth instar larvae of
Aedes aegypti. The mean and percentage mortality obtained are
showed in Tables 1�3. The effective range of plant extracts observed
was between 10 and 60ppm; that of cypermethrin and Lambda-cyha-
lothrin was noted as0.00004 to 0.00034ppm and 0.00002 to
0.00012ppm correspondingly. Figs. 1�3 illustrate the 'probit percent-
age mortality' of individual test material plotted against their corre-
sponding' log of concentration.'

The hexane extract of Croton bonplandianum Baill was found to
have a larvicidal effect on Aedes aegypti, with the lethal concentra-
tion values 15.90ppm (LC25), 26.337ppm (LC50), and 68.708 (LC90).
The equivalent lethal concentration values of Cypermethrin were
Fig. 1. Graph showing Probit vs Log of concentration of Croton bonplandianum Baill
against Aedes aegypti larvae

105
reflected as 0.00007274(LC25), 0.00013313(LC50), and 0.00041979
(LC90) and that for Lambda-cyhalothrin was 0.000031412(LC25),
0.000052068(LC50), 0.000136010(LC90) (Table 6). Co-toxicity coeffi-
cient tests and Synergistic studies were conducted using two differ-
ent pyrethroids, Cypermethrin and Lambda-cyhalothrin, along with
the Plant extract. The lethal concentration assay results with P and
Chi square values are shown inTable 8.
3.2. Co-toxicity coefficient (CTC) test results

The values observed for Co-toxicity coefficient (CTC) tests per-
formed by amalgamating the LC25 concentrations in 1:1 ratio of the
Fig. 2. Graph showing Probit vs Log of concentration of Cypermethrin against Aedes
aegypti larvae

Fig. 3. Graph showing Probit vs Log of concentration of Lambda-cyhalothrin against
Aedes aegypti larvae.



Table 4
Mean and percentage mortality with standard deviation of Aedes aegypti larvae against varying Synergistic concentration of Cypermethrin with constant concentration
(LC25) of hexane extract of Croton bonplandianum Baill.

Observed parameters Varying Synergistic concentration of Cypermethrin with constant concentration of plant extract (LC25)

0.00002 0.00005 0.00008 0.00011 0.00014 0.00017

Mean Mortality with SD 4.333333 § 0.516398 8.333333 § 0.516398 12.5 § 0.547723 16.33333 § 0.516398 20.5 § 0.83666 23.5 § 0.547723
Percentage Mortality with SD 17.33333 § 0.516398 33.33333 § 0.516398 50 § 0.547723 65.33333 § 0.516398 82 § 0.83666 94 § 0.547723

Table 5
Mean and Percentage Mortality with Standard deviation of Aedes aegypti larvae against varying Synergistic concentration of Lambda-cyhalothrin with constant concentra-
tion (LC25) of hexane extract of Croton bonplandianum Baill.

Observed parameters Varying Synergistic concentration of Lambda-cyhalothrin with constant concentration of plant extract (LC25)

0.000002 0.000006 0.00001 0.000014 0.000018 0.000022

Mean Mortality with SD 4.5 § 0.83666 9 § 0.894427 12.83333 § 0.752773 16.16667 § 0.408248 20.16667 § 1.169045 22.66667 § 1.21106
Percentage Mortality with SD 18§ 0.83666 36 § 0.894427 51.33333 § 0.752773 64.66667 § 0.408248 80.66667 § 1.169045 90.66667 § 1.21106

K.V. Lakshmi, A.V. Sudhikumar and E.M. Aneesh South African Journal of Botany 140 (2021) 103�109
plant extract with Cypermethrin, and Lambda-cyhalothrin were
34.66 and 44, respectively, signifying a positive factor for synergism
for both insecticides (Table 7).

3.3. Synergy test result

Cypermethrin concentrations ranging from 0.00002 to 0.00017
and Lambda-cyhalothrin concentrations from 0.000002 to 0.000022
Fig. 4. Comparing the Larvicidal synergistic effect of cypermethrin with the hexane extract o
Aedes aegypti larvae.

Fig. 5. Comparing the Larvicidal synergistic effect of Lambda-cyhalothrin with the hexane e
alone against Aedes aegypti larvae.
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were combined separately with the LC25 concentration of the plant
extract and tested against Aedes aegypti larvae. The mean and per-
centage mortality are given in Tables 4 and 5.

From the results, it was evident that both Cypermethrin and
Lambda-cyhalothrin showed a synergistic effect on Aedes aegypti. The
larvicidal activity of both the insecticides were elevated when com-
bined with the plant extract (Figs. 4 and 5). When compared,
Lambda-cyhalothrin with the plant extract was more efficient than
f Croton bonplandianum Baill., and the larvicidal activity of cypermethrin alone against

xtract of Croton bonplandianum Baill., and the larvicidal activity of Lambda-cyhalothrin



Fig. 6. GC-MS Chromatogram of Hexane extract of Croton bonplandianum Baill.
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Cypermethrin combination, with a synergistic factor of 11.2746 and
2.065 correspondingly as shown in Table 8.

3.4. GC-MS Result

The hexane extract of Croton bonplandianum Baill was sub-
jected to GC-MS analysis to ascertain its chemical composition.
The analysis revealed 20 compounds that were interpreted using
the National Institute Standard and Technology (NIST) database.
All the compounds that are identified have been listed in Table 9
with their Peak Number Real-time, Area percentage, molecular
formula, and mass in gram per mol, and Fig. 6 stand for the chro-
matogram of the analysis.

4. Discussion

Mosquito-borne diseases are budding as a global dispute as they
are hastily increasing and grueling to control due to the resistance
development, which stemmed in the failure of chemical insecticides.
Table 6
Larvicidal activity of Test materials alone against Aedes aegypti.

Test substance LC25 (LCL-UCL) LC50 (LCL-UCL)

Plant Extract 15.900(10.590-20.080) 26.337(21.053-31.72
Cypermethrin 0.00007274(0.00003915-0.00009988) 0.00013313(0.00009602-0.0
Lambda-
cyhalothrin

0.000031412(0.000017915-
0.000041474)

0.000052068(0.000038
0.000065634)

P<0.05, significant p value, LCL-Lower Concentration Limit, UCL-Upper Concentration Lim

Table 7
Co-toxicity coefficient of Cypermethrin and Lambda-cyhalothrin with hex

Test substance Concentration in ppm Observ

Plant Extract(alone) LC25(15.900) 2
Cypermethrin (alone) LC25(0.00007274)
Lambda-cyhalothrin(alone) LC25(0.000030964)
Plant extract + Cypermethrin LC25+LC25(1:1) 6
Plant extract+ Lambda-cyhalothrin LC25+LC25(1:1)
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Phytoextracts alone are also proved to be scarce in this field as they
have to be applied in large volumes to attain the desirable efficiency.
When they applied together as a compound, they conveyed a better
control measure and also resulted in the reduction of resistance
development and also proved to be economically and environmen-
tally advantageous (Khalequzzaman and Khanom, 2006).

In this study, Croton bonplandianum was selected for the plant
extract counterpart for synergistic effect with two pyrethroids,
Cypermethrin and Lambda-cyhalothrin. This plant is considered as a
weed species in the wastelands of Kerala and used as a traditional
medicine for various diseases like scabies, venereal sores, headache,
cholera (Pal and Jain, 1998), etc. and found to have larvicidal
(Jeeshna et al., 2010), antiseptic (Chaudhuri,2007), antimicrobial
(Rajakaruna,2002) and antitumor capabilities (Islam et al., 2011). An
investigation of the larvicidal activity of this plant against Aedes
aegypti comprehended that the methanolic extract was adequate
with an LC50 value of 124 ppm (Jeeshna et al., 2010).

Various studies are being carried out in this aspect of synergy and
found to be a promising method (Kalyanasundaram and Das, 1985,
LC90 (LCL-UCL) CHI SQUARE
VALUE

P
VALUE

R2

VALUE

1) 68.708(52.702-111.476) 9.657 0.047a 0.947
0017227) 0.00041979(0.00029416-0.00087118) 12.872 0.012a 0.923
765- 0.000136010(0.000099541-

0.000265019)
14.636 .006a 0.910

it.

ane extract of plant against Aedes aegypti.

ed % mortality Expected % mortality Co-toxicity coefficient

5.33333 25 -
24 25 -
26 25 -

7.33333 50 34.66
72 50 44



Table 8
Synergistic effect of the hexane extract of plant with Cypermethrin and Lambda-cyhalothrin against Aedes aegypti.

Test substance LC50 (LCL-UCL) SF at LC50 CHI SQUARE VALUE P VALUE R2 VALUE

Plant Extract+Cypermethrin 0.000064466 (0.000041320-0. 000089295) 2.065 18.095 0.001 0.888
Plant Extract+Lambda-cyhalothrin 0.000004614(0.000002608-0.000007028) 11.2746 14.765 .005a 0.902

Significance between plant extract+ insecticides, plant extract alone and insecticides alone:(P<0.05), LCL lower concentration limit, UCL upper concen-
tration limit, LC50 Lethal concentration that kills 50% of the tested larvaeLC90 Lethal concentration that kills 90% of the tested larvae.

Table 9
GC-MS spectral analysis of Hexane Extraction of Croton bonplandianum Baill.

Peak number Real time Area% Compound name Molecular formula Mass(g/mol)

1 16.902 5.162% Bicyclo[7.2.0]undec-4-ene, 4,11,11-trimethyl-8-methylene-,[1R-(1R*,4Z,9S*)]- C15H24 204.3511
2 17.889 0.675 Bicyclo[3.1.0]hexan-2-ol, 2-methyl-5-(1-methylethyl)-, (1a,2a,5a)- C10H18O 154.2493
3 18.584 2.198% 1,6-Cyclodecadiene, 1-methyl-5-methylene-8-(1-methylethyl)-, [s-(E,E)]- C15H24 204.35 g/mol
4 19.887 0.988 2(4H)-Benzofuranone, 5,6,7,7a-tetrahydro-4,4,7a-trimethyl-, (R)- C11H16O2 180.2435
5 21.360 0.793 Diethyl Phthalate C12H14O4 222.24
6 23.707 0.656 3,7,11,15-Tetramethyl-2-hexadecen-1-ol C20H40O 296.5
7 27.415 2.812 2-Pentadecanone, 6,10,14-trimethyl- C18H36O 268.4778
8 27.933 1.367 Phthalic acid, isobutyl octyl ester C20H30O4 334.4
9 31.062 0.768 Isophytol C20H40O 296.5
10 37.977 42.295 Phytol C20H40O 296.5
11 38.597 0.946 (2,2,6-Trimethyl-bicyclo[4.1.0]hept-1-yl)-methanol C11H20O 168.28
12 40.028 1.994 Oxirane, hexadecyl- C18H36O 268.4778
13 41.997 1.322 4,8,12,16-Tetramethylheptadecan-4-olide C21H40O2 324.5
14 50.196 1.344 Nonadecane C19H40 268.5
15 53.209 4.288 Squalene C30H50 410.7
16 54.858 10.606 Octacosane C28H58 394.8
17 55.176 3.265 Oxirane, 2,2-dimethyl-3-(3,7,12,16,20-pentamethyl-3,7,11,15,19-heneicosapentaenyl)-, (all-E)- C30H50O 426.7174
18 57.045 3.619 Octadecanal C18H36O 268.5
19 57.959 5.016 Cholesterol C27H46O 386.6535
20 58.227 9.884 1-Octacosanol C28H58O 410.8

GC-MS: Gas Chromatography- Mass Spectrometer.
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Thangam and Kathiresan, 1990). Eugenia jambolana Linn. and Soli-
dago canadensis Linn. leaf extracts with deltamethrin against Aedes
aegypti Linn. was conducted at Mysore for their synergstic effect, and
the results were found to be operative with an LC50 Synergistic factor
4.090 and 1.80, respectively (Raghavendra et al., 2013). An analysis
steered by Mohan etal., in which they tested the synergistic activity
of Solanum xanthocarpum extracts with cypermethrin evidenced to
be effective in the control of the malarial vector, Anopheles stephensi
(Mohan etal.,2007).

The present study also supports the effectiveness of synergism
than the individual test substances used in larvicidal activity against
Aedes aegypti, as it was evidenced that a lesser concentration of LC50
value of both the counterparts indicated more efficacy.
5. Conclusion

Any strategy designed to control any pests or vector should
achieve some criteria like lesser environmental hazards with more
efficient control measures. In Synergistic studies, an environment-
friendly component plant-extract is used to reduce the negative
impact on the environment in combination with an insecticide, which
would increase the larvicidal efficiency of the compound against the
vector. It would also condense the resistance development in the tar-
geted species owing to the novel combinations used. From the results
of the present study, synergism could be upheld as a better method
of vector control than the individual efficacy of the test substances.
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