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Background: Insecticide resistance among mosquito vectors for synthetic insecticides still

remains a major problem for control efforts. This study assessed the ovicidal potential of crude

solvent extracts from the medicinal plant Cipadessa baccifera comparatively to standard regis-

tered synthetic insect growth regulators (IGR) on freshly laid eggs of Culex quinquefasciatus.

Method: Five plant extracts were prepared using different solvents. The batches of eggs were

exposed to different concentrations of each solvent extract comparatively to synthetic IGR. The

hatched eggs of Cx. quinquefasciatuswere subjected to different concentrations. The first instars

that emerged from the eggs were counted daily. The egg hatching inhibition was observed 24, 48

and 72 hrs post treatment. The desiccation median time (DT50 and DT90) was calculated.

Results: The percent egg hatching inhibition was inversely proportional to the concentration

of extracts. The morphological damage to the eggs was observed. Among five solvent

extracts, acetone extracts showed the highest ovicidal activity. The changes in eggshell

morphology were observed. The maximum ovicidal activity was observed in acetone extracts

with DT50 value of 1.70 hrs (0.91–2.22). The methanol plant extract using gas chromato-

graphy-mass spectrometry identified 14 compounds.

Conclusion: These results suggest that the acetone extracts of C. baccifera have the

potential to be used as an ovicidal agent for controlling mosquito populations in aquatic

stages. The biodegradability of the extracts has the advantage of being eco-friendly.

Keywords: mosquito, egg hatching, insect growth regulators, ovicidal activity plant extracts

Introduction
Designing innovative vector control tools is of paramount importance due to the

development of insecticide resistance among disease vectors.1 Chemical control is

an effective strategy used extensively in vector control for decades. However, the

evolution of insecticide resistance among mosquitoes to insecticides has increased

in the last two decades.2

Culex quinquefasciatus (Say) serves as a vector for filariasis and arboviruses.3

Human filariasis is a major public health problem and remains a challenging

problem socioeconomically in most tropical countries.4 Insect growth regulators

have shown significant larvicidal efficacy against Aedes albopictus mosquito at low

lethal doses as compared to microbial, organophosphates and synthetic pyrethroid

insecticides.5 Some studies have disrupted hormonal balance inside the developing
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embryo.6 Su and Mulla reported the ovicidal activity of the

neem products such as azadirachtin against Cx.

quinquefasciatus.7

Insect growth regulators are comparatively safer to

non-target organisms and have been recommended for

mosquito control.8,9 Insect growth regulators (IGR)

include chemicals with a unique mode of actions such as

juvenile hormone analog, chitin synthesis inhibitor, ecdy-

sone agonist.10–12 These IGRs have extended effects to the

morphology and physiology of mosquito eggs.13,14 The

surface morphology, physical structure and chemical com-

position of the eggs determine the ability of eggs to adapt

and tolerate adverse conditions such as desiccation.15

Biopesticides provide an alternative to synthetic pesticides

because of their generally low environmental pollution and

low mammalian toxicity.16 Many herbal products have

been used as natural insecticides before the discovery of

synthetic organic insecticides.17

Cipadessa baccifera Miq. (Meliaceae) is a bushy

shrub, distributed in Northern Circars. The active consti-

tuents isolated from the seeds of C. baccifera include

cipadesin, 17a, 20R-dihydroxypregnan-3, 16-dione, 1,

4-epoxy-16- hydroxyheneicos-1, -3, -12, -14, -18.18

Therefore, the aim of this study was to evaluate the

ovicidal effect and morphological changes in the eggs of

Cipadessa baccifera extracts using acetone, ethyl acetate,

methanol, chloroform and petroleum benzene solvent which

was compared with two insect growth regulators (IGRs),

against freshly laid eggs of Culex quinquefasciatus.

Materials and Methods
Mosquito Rearing
Culex quinquefasciatus mosquito eggs were collected from

the National Centre for Disease Control (NCDC),

Mettupalayam, Tamil Nadu, India. The eggs were kept in

plastic trays containing dechlorinated tap water and main-

tained at 27±2°C and 75–85% relative humidity under

14:10 light and dark photoperiod. The hatched larvae

were reared in dechlorinated tap water in plastic trays

and provided with dog biscuits and yeast powder in the

ratio of 3:1 as a larval food. Once emerged, the adults were

transferred to mosquito rearing cages, holding 10% sugar

solution, a food source for adults.

Insect Growth Regulators
The ovicidal efficacy of the two insect growth regulators,

a chitin synthesis inhibitor (buprofezin: Buprolord, 25%

SC, United Phosphorus Limited, Gujarat) and an ecdysone

agonist (Azadirachtin: NeemAzal®, 1% EC, EID Parry

India Ltd, India) was determined. The fresh 1% stock

solution of each class of insect growth regulator was pre-

pared in dechlorinated tap water. The eggs were exposed

to different concentrations (0.1, 0.3, 0.5, 1 and 2 mg/mL).

Plant Materials
The leaves of Cipadessa baccifera were collected from

Kolli Hills of the Eastern Ghats in the Namakkal district of

the Southeast Tamil Nadu (10°12ʹ–11°7ʹ N, 76° - 77°56 ʹE

and Altitude 1300 m above sea level). The voucher speci-

men was numbered and kept in a herbarium for reference.

Preparation of Plant Extracts
The leaves were dried under shade for 7–10 days. The

dried leaves were powdered using commercial electrical

stainless-steel blender. Three hundred grams of powdered

leaves were extracted in five different solvents: chloroform

(400mL), ethyl acetate (400mL), acetone (400mL) petro-

leum benzene and methanol (300mL) in a Soxhlet appara-

tus (boiling point range 50–80ºC) for 8 hrs. The extracts

were concentrated under reduced pressure of 22–26mm

Hg at 45ºC and the residues obtained were stored at

room temperature.

Egg Exposure to Plant Extracts and Insect

Growth Regulators
Freshly laid eggs of Cx. quinquefasciatus were incubated

at 24 ± 1°C and 75–80% RH for 48 hrs to obtain embryo-

nated eggs, which were treated with different concentra-

tions (0.1, 0.3, 0.5, 1 and 2 mg/mL) of insect growth

regulators. The embryonated eggs from the same batch

unexposed to any chemicals served as control. The ovi-

cidal effects of insect growth regulators were observed on

freshly laid and embryonated eggs of Cx. quinquefascia-

tus (150–200 eggs/raft/replicate). Control experiments

were conducted in dechlorinated tap water in three repli-

cates. For ovicidal activity, a slightly modified method of

Su and Mulla was performed.19 The leaf extracts were

diluted in the ethanol to achieve various concentrations

ranging from 0.1, 0.3, 0.5, 1 and 2 mg/mL. The hatching

rates were calculated 48 hrs post treatment by following

the formula:

% hatchability ¼Number of hatched larvae

Total number of eggs
X 100
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Egg Hatching Inhibition
The first instars that emerged from the embryonated eggs

were counted daily. The unhatched freshly laid eggs were

observed under a fluorescence microscope for any mor-

phological changes and abnormalities that may have been

caused from the exposure to insect growth regulators and

plant extracts. The percentage of unhatched eggs in control

experiments was adjusted with treatments by using

Abbott’s formula.20 The chi-square test was used to deter-

mine the significant differences between the proportion of

hatched and unhatched egg groups (p< 0.05).

GC-MS Analysis and Identification of

Compounds
The plant extract of C. baccifera was analysed by gas–

liquid chromatography (Polaris Q Ion Trap GC/FID) and

mass spectrometry (PerkinElmer Q-700 equipment). The

methodology developed by Cheng et al was used.21

Statistical Analysis
Data were subjected to Probit analysis in SPSS version

25 (IBM Corp., Armonk, NY, USA). Desiccation median

time DT50 (defined as the duration at which 50% of eggs

were desiccated) and median desiccation time DT90

(defined as the duration at which 90% of eggs were

desiccated) of the eggs were calculated. Comparisons

between proportions of DT50 and DT90 were computed

using the chi-square test.

Results
Effects on Embryonic Development
The acetone extract of C. baccifera produces morphologi-

cal changes in the eggshell, resulting in damage to the egg

membrane and decreased egg hatchability (Figure 1). No

significant relationship between the rates of egg hatching

inhibition and abnormalities of egg morphology was

observed in treatments using IGR.

Egg Hatchability in Insect Growth

Regulators
The hatchability of freshly laid eggs of Cx. quinquefas-

ciatus in insect growth regulators was also found to be

dosage dependent. The egg hatching inhibition of Cx.

quinquefasciatus was higher in eggs exposed to

Figure 1 (A)Control Operculum open and egg hatching. (B and C) Abnormal egg hatching and operculum open from side wall damaged after exposure to Cipadessa
baccifera acetone plant extract.
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azadirachtin (75%) than in buprofezin (55%) at 0.1mg/

mL concentration, and the trend was also observed in

other higher concentrations.

Egg Hatchability in Plant Extracts
Among the plant extracts tested for egg hatchability inhi-

bition, the acetone extract of C. baccifera exerted 98% egg

hatching inhibition at a concentration of 0.1 mg/mL,

whereas higher concentration resulted in 100% eggs hatch-

ing inhibition. In the control arm, egg hatchability

was 100%.

Effects on Egg Hatching Patterns
Egg hatching pattern in azadirachtin and buprofezin was

similar to that of control, while that of freshly laid eggs

of C. baccifera extracts was dosage dependent. The med-

ian desiccation time (DT50) of Cx. quinquefasciatus eggs

was observed to be higher for acetone extract (1.70 hrs).

There was no significant difference in hatching inhibition

of freshly laid eggs at any concentrations when exposed

to other solvent extracts of C. baccifera (P > 0.05)

(Table 1).

GC-MS Analysis
The methanol plant extract using gas chromatography-

mass spectrometry identified 14 compounds in the

C. baccifera plant chemical constitutions. The major

peaks were 4H-1-benzopyran-4-one,3,5,7-trimethoxy-2-

(3,4,5-trimethoxyphenyl) (41.6%), palmitic acid vinyl

ester (5.7%), octadecanoic acid,1-[[(1-oxohexadecyl)

oxy]methyl]-1,2-ethanediyl ester (8.4%), octadecanoic

acid,1-[[(1-oxohexadecyl)oxy]methyl]-1,2-ethanediyl

ester (5.6%), cyclopropane carboxylic acid, and 2-

methyl-, 2,6-di-t-butyl-4-methylphenyl ester (5.4%)

(Table 2).

Discussion
The findings of the current study have shown that plant

extracts have the potential to contribute in alternative pesti-

cides for disease vector control. The environment is an

incomparable reservoir of natural products that exhibit struc-

tural features, which have not been found in terrestrial natural

products.22 Several studies have demonstrated that plants are

an excellent source of components with biological activity

such as antifungal, antiviral, phytotoxic and larvicidal

activities.23–28 The screening of medicinal plants for mos-

quito larvicidal activity may eventually lead to their use in

natural product-based mosquito abatement practices.24–32

Plants may serve as a suitable alternative source of

insecticides to complement the toolbox of available syn-

thetic insecticides for the future. Due to their low mam-

malian toxicity, the crude extracts have many active

compounds with different acting mechanisms, most inex-

pensive and are readily available in many areas of the

world.33 Different parts of plants contain complex chemi-

cal composition with unique biological activity which is

thought to be due to toxins from different secondary meta-

bolites, which may act as mosquitocidal agents.33 The

plant crude extracts seemed to be more effective than

single isolated compound which might be attributed to

the natural synergistic effect that acts in many different

ways to inhibit the development of an embryo in eggs. The

results of this study showed that the acetone extract of

C. baccifera showed 98% egg hatching inhibition (2%

hatchability) was recorded at 24, 48 and 72 hrs at 0.1,

0.3, 0.5, 1 and 2 mg/mL, respectively. It was also found

that the acetone extracts of C. baccifera damage the egg-

shell and subsequently increases hatching inhibition.

Chitinous egg development was affected in buprofezin-

treated embryos, and probably, pharate larvae used the

body pressure for egg hatching. Our results showed less

toxicity to egg hatching and embryo development when

exposed to buprofezin and azadirachtin. In contrast, bupro-

fezin and azadirachtin substantiate their role in altering

hormonal actions during embryonic development of the

Culex eggs rather than altering egg hatching process.34,35

Suman et al have suggested that less toxicity to larvicidal

and ovicidal efficacies are governed by the type and con-

centration of different classes of insect growth

regulators.14

Table 1 Estimation of Desiccation Time of Culex quinquefasciatus
Eggs

Plant Extracts

and IGRs

DT50 hrs

(LCL-UCL)

DT90 hrs

(LCL-UCL)

χ2 df

Acetone 1.70 (0.91–2.22) 2.82 (2.32–3.25) 1.085 3

Ethyl acetate 4.40 (3.90–5.00) 6.32 (5.90–7.10) 0.321 3

Methanol 5.10 (4.90–5.55) 6.34 (5.34–7.00) 2.120 3

Chloroform 3.80 (3.24–4.11) 5.43 (4.32–6.10) 5.870 3

Petroleum benzene 7.56 (6.30–8.10) 9.32 (8–10.12) 2.832 3

Azadirachtin 2.11 (1.09–2.81) 3.90 (2.87–4.11) 0.431 3

Buprofezin 4.92 (3.73–6.01) 7.33 (5.98–8.55) 0.821 3

Notes: Significant differences among acetone plant extracts for individual concen-

trations at *P < 0.05; Lower–upper fiducial limits were shown in parenthesis for

respective DT50 and DT90.

Abbreviations: DT50, median desiccation time; DT90, desiccation time for 90%

eggs, χ2, Chi-square.
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In the present study, Cx. quinquefasciatus eggs were

most susceptible to acetone plant extract of C. baccifera

as compared to the two IGRs. Previous studies reported

that diflubenzuron, pyriproxyfen and azadirachtin were

less toxic to Cx. quinquefasciatus eggs at a WHO-

recommended concentrations.7,8,36 In order to manage

mosquito populations at the egg stage, the eggs need

to be exposed at higher concentrations of insect growth

regulators for shorter rather than long durations. Freshly

laid eggs are more vulnerable to the toxicity of insect

growth regulators than embryonated eggs. Similar obser-

vations using insect growth regulators were made by

Miura et al.36,37 Miura and colleagues suggested hat,

freshly laid and 2–14-hr-old eggs were more vulnerable

to diflubenzuron exposure.37 Meanwhile, Vasuki demon-

strated species-specific variation on ovicidal action of

chitin synthesis inhibitor and juvenile hormone analog

against eggs of An. stephensi (Liston), Cx. quinquefas-

ciatus and Ae. aegypti.36 These differences may be

attributed to the inability of insect growth regulators to

disrupt hormone actions during egg development and

the loss of shell permeability due to endochorion tan-

ning and wax layer formation.38 The interspecific varia-

tions in Ae. aegypti eggs from different habitats have

shown differences in the desiccation of survival time.39

Moreover, this study could not find any relationship

between eggs and ovicidal activity of insect growth

regulators based on egg desiccation time, and this

could be one of the reasons for differential ovicidal

efficacy of insect growth regulators.

The isolation of compounds from leaf extracts of

C. baccifera could lead to the development of natural

mosquitocidal products to complement the synthetic insec-

ticides. The use of natural plant-based products by indivi-

duals and communities would generate local employment,

reduce dependence on expensive imported synthetic pro-

ducts and stimulate local efforts to enhance public

health.29 For example, the essential oil extracted from

Table 2 Chemical Composition of Methanol Leaf Extract from C. baccifera

S/No RT Area Area % Compound Name Activity

1 12.883 9,756,920.0 1.203 Benzene,1-(1,5-dimethyl-4-hexenyl)-4-methyl- Insecticidal activity

2 19.440 7,510,873.0 0.926 Phytol Insecticidal and antibacterial

property

3 22.646 9,179,309.0 1.132 5-(2,5-Dimethoxy-phenyl)-2H-pyazol-3-ol- Antioxidant and anti microbial

activity

4 23.312 14,056,956.0 1.733 2H-1-benzopyran-2-one,6-(1-hytroxy-3-methylbutyl)-

7-methoxy-

Insecticidal activity

5 24.307 44,122,588.0 5.441 Cyclopropanecarboxylic acid, 2-methyl,-,2,6-di-t-butyl-

4-methylphenyl ester

Insecticidal and acaricidal

activity

6 27.683 38,265,564.0 4.719 3-Methyl-2-(2-oxopropyl) furan Anticancer activity

7 28.114 33,638,632.0 4.148 Octadecanoic acid, ethenyl ester Insecticidal activity

8 29.174 45,929,464.0 5.664 Palmitic acid vinyl ester Antifungal activity

9 29.399 123,963,688.0 15.287 Unknown Unknown

10 29.589 336,982,432.0 41.556 4H-1-benzopyran-4-one,2-(3,4-dimethoxyphenyl)-

3.5,7-tetrmethoxy-

Larvicidal and antibacterial

activity

11 29.979 14,258,184.0 1.758 Palmitic acid vinyl ester Antifungal activity

12 30.079 19,795,344.0 2.441 No known activity

13 30.845 68,102,568.0 8.398 Octadecanoic acid, 1-[[1-oxohexadecyl)oxy]methyl]-

1,2-ethanediyl ester

No known activity

14 31.120 45,352,300.0 5.593 Octadecanoic acid, 1-[[1-oxohexadecyl)oxy]methyl]-

1,2-ethanediyl ester

No known activity
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Citronella and Eucalyptus provides the active ingredients

of some commercial repellents. Such substances are sold

under several brand names.40

Limitation of the Study
This study had no resources to study other mosquito

families’ response to these extracts.

Conclusion
This study has shown that the acetone extract of Cipadessa

baccifer, possesses ovicidal activity on Cx. quinquefascia-

tus eggs at very low concentrations, but no significant

activity, eggshell morphology and ovicidal efficacy were

observed in insect growth regulators. These results open

the possibility for further investigations of the efficacy of

growth inhibition properties of plant-based extracts.

Ethics Approval
This study was approved by the Indian Council of Medical

Research and Periyar University ethics committees.

Availability of Data and Materials
The data related to the conclusion of this study have been

included in this manuscript.

Acknowledgments
The authors would like to thank the Indian Council of

Medical Research for the financial support they provided.

We also thank the Department of Biotechnology, Periyar

University, Salem, for providing the infrastructural facility

for carrying out this research work.

Funding
This study had financial support from the Indian Council

of Medical Research–Vector Borne Disease Science

Forum Major Research Project (F.No. 5/8-7 (335) V-2011-

ECD-II, 21/06/2013).

Disclosure
The authors report no conflicts of interest in this work.

References
1. Chang X, Zhong D, Lo E, et al. Landscape genetic structure and

evolutionary genetics of insecticide resistance gene mutations in
Anopheles sinensis. Parasit Vectors. 2016;9(1):228. doi:10.1186/
s13071-016-1513-6

2. Amer A, Mehlhorn H. Persistency of larvicidal effects of plant oil
extracts under different storage conditions. Parasitol Res. 2006;99
(4):473–477. doi:10.1007/s00436-006-0183-2

3. Aditya G, Bhattacharyya S, Kundu N, Saha G, Raut S. Predatory
efficiency of the water bug Sphaerodema annulatum on mosquito
larvae (Culex quinquefasciatus) and its effect on the adult
emergence. Bioresour Technol. 2004;95(2):169–172. doi:10.1016/j.
biortech.2004.02.007

4. Rajasekariah G, Parab P, Chandrashekar R, Deshpande L,
Subrahmanyam D. Pattern of Wuchereria bancrofti microfilaraemia
in young and adolescent school children in Bassein, India, an ende-
mic area for lymphatic filariasis. Ann Trop Med Parasitol. 1991;85
(6):663–665. doi:10.1080/00034983.1991.11812623

5. Ali A, Nayar J, Xue R-D. Comparative toxicity of selected larvicides
and insect growth regulators to a Florida laboratory population of
Aedes albopictus. J Am Mosq Control Assoc. 1995;11(1):72–76.

6. Berger EM, Dubrovsky EB. Juvenile hormone molecular actions and
interactions during development of Drosophila melanogaster. Vitam
Horm. 2005;73:175–215.

7. Su T,MullaM.Ovicidal activity of neem products (azadirachtin) against
Culex tarsalis and Culex quinquefasciatus (Diptera: Culicidae). J Am
Mosq Control Assoc. 1998;14(2):204–209.

8. WHO. Pesticides and Their Application: For the Control of Vectors
and Pests of Public Health Importance. Geneva: WHO; 2006.

9. Mulla M. The future of insect growth regulators in vector control.
J Am Mosq Control Assoc News. 1995;11(2):269–273.

10. Mordue A, Morgan E, Nisbet A. Azadirachtin, a natural product in
insect control. Compr Mol Insect Sci Biochem Mol Biol. 2005;2010:4.

11. Msangi S, Lyatuu E, Kweka EJ. Field and laboratory evaluation of
bioefficacy of an insect growth regulator (Dimilin) as a larvicide
against mosquito and housefly larvae. J Trop Med. 2011;2011.

12. Soin T, Swevers L, Kotzia G, et al. Comparison of the activity of
non-steroidal ecdysone agonists between dipteran and lepidopteran
insects, using cell-based EcR reporter assays. Pest Manag Sci.
2010;66(11):1215–1229. doi:10.1002/ps.1998

13. Suman D, Shrivastava A, Parashar B, Pant S, Agrawal O, Prakash S.
Scanning electron microscopic studies on egg surface morphology
and morphometrics of Culex tritaeniorhynchus and culex quinquefas-
ciatus (Diptera: Culicidae). Parasitol Res. 2008;104(1):173–176.
doi:10.1007/s00436-008-1162-6

14. Suman DS, Shrivastava AR, Pant S, Parashar BD. Differentiation of
Aedes aegypti and Aedes albopictus (Diptera: Culicidae) with egg
surface morphology and morphometrics using scanning electron
microscopy. Arthropod Struct Dev. 2011;40(5):479–483. doi:10.10
16/j.asd.2011.04.003

15. Jagadeeshan S, Singh RS. Rapid evolution of outer egg membrane
proteins in the Drosophila melanogaster subgroup: a case of ecolo-
gically driven evolution of female reproductive traits. Mol Biol Evol.
2007;24(4):929–938. doi:10.1093/molbev/msm009

16. Liu S, Shi J, Cao H, Jia F, Liu X, Shi G. Survey of Pesticidal
Component in Plant. Paper Presented At: Entomology in China in
21st Century. Proceedings of Conference of Chinese Entomological
Society. Beijing, China: Science and Technique Press; 2000.

17. Mittal P, Subbarao S. Prospects of using herbal products in the
control of mosquito vectors. ICMR Bull. 2003;33(1):1–10.

18. Luo X-D, Wu S-H, Ma Y-B, Wu D-G. Components of Cipadessa
baccifera. Phytochemistry. 2000;55(8):867–872. doi:10.1016/S0031-
9422(00)00247-8

19. SU M. Activity and biological effects of neem products against
arthropods of medical and veterinary importance. J Am Mosq
Control Assoc. 1999;15(2):133–152.

20. Finney DJ. Probit Analysis. 3rd ed. Cambridge, UK: Cambridge
University Press; 1971.

21. Cheng Z, Zhou X, Hu B, et al. Tissue distribution of capilliposide B,
capilliposide C and their bioactive metabolite in mice using liquid
chromatography-tandem mass spectrometry. Biomed Chromatogr.
2016;n/a-n/a.

22. Sukumar K, Perich MJ, Boobar L. Botanical derivatives in mosquito
control: a review. J Am Mosq Control Assoc. 1991;7(2):210–237.

Ramkumar et al Dovepress

submit your manuscript | www.dovepress.com

DovePress
Research and Reports in Tropical Medicine 2019:10150

Powered by TCPDF (www.tcpdf.org)

https://doi.org/10.1186/s13071-016-1513-6
https://doi.org/10.1186/s13071-016-1513-6
https://doi.org/10.1007/s00436-006-0183-2
https://doi.org/10.1016/j.biortech.2004.02.007
https://doi.org/10.1016/j.biortech.2004.02.007
https://doi.org/10.1080/00034983.1991.11812623
https://doi.org/10.1002/ps.1998
https://doi.org/10.1007/s00436-008-1162-6
https://doi.org/10.1016/j.asd.2011.04.003
https://doi.org/10.1016/j.asd.2011.04.003
https://doi.org/10.1093/molbev/msm009
https://doi.org/10.1016/S0031-9422(00)00247-8
https://doi.org/10.1016/S0031-9422(00)00247-8
http://www.dovepress.com
http://www.dovepress.com


23. Bauer A, Kirby W, Sherris JC, Turck M. Antibiotic susceptibility
testing by a standardized single disk method. Am J Clin Pathol.
1966;45(4_ts):493. doi:10.1093/ajcp/45.4_ts.493

24. Kweka EJ, Nyindo M, Mosha F, Silva AG. Insecticidal activity of the
essential oil from fruits and seeds of schinus terebinthifolia Raddi
against African malaria vectors. Parasit Vectors. 2011;4(1):129.
doi:10.1186/1756-3305-4-129

25. Kweka EJ, Senthilkumar A, Venkatesalu V. Toxicity of essential oil
from Indian borage on the larvae of the African malaria vector
mosquito, Anopheles gambiae. Parasit Vectors. 2012;5(1):277.
doi:10.1186/1756-3305-5-277

26. Mdoe FP, Cheng -S-S, Lyaruu L, Nkwengulila G, Chang S-T,
Kweka EJ. Larvicidal efficacy of cryptomeria japonica leaf essential
oils against Anopheles gambiae. Parasit Vectors. 2014;7(1):426.
doi:10.1186/1756-3305-7-426

27. Mdoe FP, Cheng -S-S, Msangi S, Nkwengulila G, Chang S-T,
Kweka EJ. Activity of cinnamomum osmophloeum leaf essential oil
against Anopheles gambiae s.s. Parasit Vectors. 2014;7(1):209.
doi:10.1186/1756-3305-7-209

28. Thomas A, Mazigo HD, Manjurano A, Morona D, Kweka EJ.
Evaluation of active ingredients and larvicidal activity of clove and
cinnamon essential oils against Anopheles gambiae (sensu lato).
Parasit Vectors. 2017;10(1):411.

29. Bowers WS, Sener B, Evans PH, Bingol F, Erdogan I. Activity of
Turkish medicinal plants against mosquitoes Aedes aegypti and
Anopheles gambiae. Int J Trop Insect Sci. 1995;16(3–4):339–341.
doi:10.1017/S1742758400017379

30. Kweka EJ, Mosha F, Lowassa A, et al. Ethnobotanical study of some
of mosquito repellent plants in North-Eastern Tanzania. Malar J.
2008;7(1):152. doi:10.1186/1475-2875-7-152

31. Kweka EJ, Mosha FW, Lowassa A, et al. Longitudinal evaluation of
Ocimum and other plants effects on the feeding behavioral response
of mosquitoes (Diptera: culicidae) in the field in Tanzania. Parasit
Vectors. 2008;1(1):42. doi:10.1186/1756-3305-1-42

32. Kweka EJ, Munga S, Mahande AM, et al. Protective efficacy of
menthol propylene glycol carbonate compared to N, N-diethyl-
methylbenzamide against mosquito bites in Northern Tanzania.
Parasit Vectors. 2012;5(1):189. doi:10.1186/1756-3305-5-189

33. Ramkumar G, Karthi S, Muthusamy R, Natarajan D,
Shivakumar MS. Adulticidal and smoke toxicity of Cipadessa bacci-
fera (Roth) plant extracts against Anopheles stephensi, Aedes
aegypti, and Culex quinquefasciatus. Parasitol Res. 2015;114
(1):167–173. doi:10.1007/s00436-014-4173-5

34. Canales M, Naranjo V, Almazán C, et al. Conservation and immu-
nogenicity of the mosquito ortholog of the tick-protective antigen,
subolesin. Parasitol Res. 2009;105(1):97–111. doi:10.1007/s00436-
009-1368-2

35. Suman DS, Wang Y, Bilgrami AL, Gaugler R. Ovicidal activity of
three insect growth regulators against Aedes and Culex mosquitoes.
Acta Trop. 2013;128(1):103–109. doi:10.1016/j.actatropica.2013.06.
025

36. Vasuki V. Effect of insect growth regulators on hatching of eggs of
three vector mosquito species. J Anim Sci. 1990;99(6):477–482.

37. Miura T, Schaefer CH, Takahashi RM, Mulligan FS. Effects of the
insect growth inhibitor, Dimilin,® on hatching of mosquito eggs.
J Econ Entomol. 1976;69(5):655–658. doi:10.1093/jee/69.5.655

38. Clements A. The biology of mosquitoes, Vol. I; Development, nutri-
tion and reproduction. Parasitol Today. 1993;9(4):147. doi:10.1016/
0169-4758(93)90183-G

39. Sota T, Mogi M. Interspecific variation in desiccation survival time
of Aedes (Stegomyia) mosquito eggs is correlated with habitat and
egg size. Oecologia. 1992;90(3):353–358. doi:10.1007/BF00317
691

40. Trongtokit Y, Rongsriyam Y, Komalamisra N, Apiwathnasorn C.
Comparative repellency of 38 essential oils against mosquito bites.
Phytother Res. 2005;19(4):303–309. doi:10.1002/(ISSN)1099-1573

Research and Reports in Tropical Medicine Dovepress
Publish your work in this journal
Research and Reports in Tropical Medicine is an international, peer-
reviewed, open access journal publishing original research, case
reports, editorials, reviews and commentaries on all areas of tropical
medicine, including: Diseases and medicine in tropical regions;
Entomology; Epidemiology; Health economics issues; Infectious dis-
ease; Laboratory science and new technology in tropical medicine;

Parasitology; Public health medicine/health care policy in tropical
regions; and Microbiology. The manuscript management system is
completely online and includes a very quick and fair peer-review
system. Visit http://www.dovepress.com/testimonials.php to read
real quotes from published authors.

Submit your manuscript here: http://www.dovepress.com/research-and-reports-in-tropical-medicine-journal

Dovepress Ramkumar et al

Research and Reports in Tropical Medicine 2019:10 submit your manuscript | www.dovepress.com

DovePress
151

Powered by TCPDF (www.tcpdf.org)

https://doi.org/10.1093/ajcp/45.4_ts.493
https://doi.org/10.1186/1756-3305-4-129
https://doi.org/10.1186/1756-3305-5-277
https://doi.org/10.1186/1756-3305-7-426
https://doi.org/10.1186/1756-3305-7-209
https://doi.org/10.1017/S1742758400017379
https://doi.org/10.1186/1475-2875-7-152
https://doi.org/10.1186/1756-3305-1-42
https://doi.org/10.1186/1756-3305-5-189
https://doi.org/10.1007/s00436-014-4173-5
https://doi.org/10.1007/s00436-009-1368-2
https://doi.org/10.1007/s00436-009-1368-2
https://doi.org/10.1016/j.actatropica.2013.06.025
https://doi.org/10.1016/j.actatropica.2013.06.025
https://doi.org/10.1093/jee/69.5.655
https://doi.org/10.1016/0169-4758(93)90183-G
https://doi.org/10.1016/0169-4758(93)90183-G
https://doi.org/10.1007/BF00317691
https://doi.org/10.1007/BF00317691
https://doi.org/10.1002/(ISSN)1099-1573
http://www.dovepress.com
http://www.dovepress.com/testimonials.php
http://www.dovepress.com
http://www.dovepress.com

