
In silico studies to screen ovicidal and repellent activity 

of selected plant extracts against the filarial 

vector, Culex quinquefasciatus 

(Diptera : Culicidae) 

 
 

 
 
 

 

 

 
By 

 

DHIVYA, R 

 

 
 

 

 
 

Supervisor 

 

Dr. K. MANIMEGALAI 

 

 
 

 
 

 

A Thesis Submitted to 

Avinashilingam Institute for Home Science and Higher Education 

for Women, Coimbatore - 641043 

 

In Partial Fulfillment of the Requirements for the Degree of 

Doctor of Philosophy in Zoology 

 

January 2014 



 

 

 



 
 

 



ACKNOWLEDGEMENTACKNOWLEDGEMENTACKNOWLEDGEMENTACKNOWLEDGEMENT    
 

First and foremost, I owe it all to God Almighty for granting me the 

wisdom, health and strength to undertake this research task and enabling me to its 

completion. 

I take this opportunity to sincerely acknowledge Dr. T.S. Avinashilingam,Dr. T.S. Avinashilingam,Dr. T.S. Avinashilingam,Dr. T.S. Avinashilingam,                

the Founder and First Chancellor and Padmashri, Dr. Rajammal P. DevadasDr. Rajammal P. DevadasDr. Rajammal P. DevadasDr. Rajammal P. Devadas, Former 

Chancellor, Avinashilingam Institute for Home Science and Higher Education             

for Women, Coimbatore for providing education in this temple of learning. 

I am thankful to Dr. T.S.K. Meenakshi SundaramDr. T.S.K. Meenakshi SundaramDr. T.S.K. Meenakshi SundaramDr. T.S.K. Meenakshi Sundaram, M.A., M.Phil., Ph.D., 

Chancellor, Avinashilingam Institute for Home Science and Higher Education for 

Women, Coimbatore for providing me an opportunity to carry out my research. 

It gives me an immense debt of gratitude to express my sincere thanks to                                                                           

Dr. (Mrs.) Sheela RamachandranDr. (Mrs.) Sheela RamachandranDr. (Mrs.) Sheela RamachandranDr. (Mrs.) Sheela Ramachandran, M.Sc., P.G. Dip., Ph.D. (Avinashilingam), Vice 

Chancellor, Avinashilingam Institute for Home Science and Higher Education for 

Women, Coimbatore for providing the various necessities to undertake the research. 

I wish to acknowledge Dr. (Mrs.) Gowri RamakrishnanDr. (Mrs.) Gowri RamakrishnanDr. (Mrs.) Gowri RamakrishnanDr. (Mrs.) Gowri Ramakrishnan, M.Sc. (Madras), 

M.Phil., Ph.D. (Avinashilingam), Registrar, Avinashilingam Institute for Home Science 

and Higher Education for Women, Coimbatore for providing facilities to perform my 

work comfortably. 

I am especially thankful to Dr. (Mrs.) A. ParvathiDr. (Mrs.) A. ParvathiDr. (Mrs.) A. ParvathiDr. (Mrs.) A. Parvathi, M.Sc., Dip. Ed., M.Phil., 

Ph.D., Dean, Faculty of Science, Avinashilingam Institute for Home Science and 

Higher Education for Women, Coimbatore for all the support given in successful 

completion of the work. 

My sincere expression of thanks to Dr. (Mrs.) Dr. (Mrs.) Dr. (Mrs.) Dr. (Mrs.) B. Shyamala ViB. Shyamala ViB. Shyamala ViB. Shyamala Vijayavathijayavathijayavathijayavathi,            

M.Sc., Dip. Ed., M.Phil., Ph.D., Professor and Head, Department of Zoology, 

Avinashilingam Institute for Home Science and Higher Education for Women, 

Coimbatore for her deep sense of appreciation and timely advice throughout the 

research. 



I express my profound sense of reverence to my guide Dr. K. ManimegalaiDr. K. ManimegalaiDr. K. ManimegalaiDr. K. Manimegalai, 

M.Sc., M.Phil., Ph.D., Associate Professor, Department of Zoology, Avinashilingam 

Institute for Home Science and Higher Education for Women, Coimbatore for his 

constant guidance, support, motivation and untiring help during my research. 

I am sincerely thankful to Dr. V. SharulathaDr. V. SharulathaDr. V. SharulathaDr. V. Sharulatha, M.Sc., M.Phil., Ph.D., Assistant 

Professor, Department of Chemistry, Avinashilingam Institute for Home Science and 

Higher Education for Women, Coimbatore for the help rendered to me during my 

research work. 

My sincere expression of thanks to all the TeachingTeachingTeachingTeaching and NonNonNonNon----teachingteachingteachingteaching staff in 

the Department of Zoology, for their constant support and help to carry out my 

research endeavor. I deeply appreciate and acknowledge the help of Mrs. ChitrakalaMrs. ChitrakalaMrs. ChitrakalaMrs. Chitrakala and 

Mr. K. SelvakumarMr. K. SelvakumarMr. K. SelvakumarMr. K. Selvakumar, Euro Informatics for their help in typographical work. 

It’s my fortune to gratefully acknowledge the support of my friendsmy friendsmy friendsmy friends    especially 

Mrs. S.Mrs. S.Mrs. S.Mrs. S.    SelvaraniSelvaraniSelvaraniSelvarani for the encouragement, care, support, understanding and precious 

friendship. 

Words fail to express heartfelt thanks to my parents Mr. P. RadhakrishnanMr. P. RadhakrishnanMr. P. RadhakrishnanMr. P. Radhakrishnan and 

Mrs. G. RadhamaniMrs. G. RadhamaniMrs. G. RadhamaniMrs. G. Radhamani, my brother Mr. Mr. Mr. Mr. RRRR. Eswar. Eswar. Eswar. Eswar, who always believed in me and 

encouraged me to follow my dreams and helped me at every stage of my personal and 

academic life, and longed to see this achievement come true. 

Words are short to express my deep sense of gratitude for the true and great 

support of my husband Mr. A. Balaji ChandrasekaranMr. A. Balaji ChandrasekaranMr. A. Balaji ChandrasekaranMr. A. Balaji Chandrasekaran and my inininin----lawslawslawslaws for their good 

wishes and indispensable help in all the possible ways for the successful completion of 

this work. 

 

 

 

 

 



CONTENTS 

CHAPTER 
NO. 

TITLE 
PAGE 
NO. 

  LIST OF TABLES  

 LIST OF FIGURES  

 LIST OF PLATES  

 ABBREVIATIONS  

1 INTRODUCTION …………………………………………..… 1 

2 REVIEW OF LITERATURE ………………………………… 10 

2.1  Ovicidal activity of plant extracts 10 

2.2  Repellent activity of plant extracts 13 

2.3  Phytochemical screening 17 

2.4  GC-MS analysis 19 

2.5  In silico molecular docking 22 

3 MATERIALS AND METHODS …………………………….. 28 

 PHASE - I  

3.1 Studies on the potency of selected botanicals 28 

 Laboratory culture of eggs 28 

 Collection of test materials 28 

 Preparation of leaf powder 29 

 Preparation of flower powder 29 

 Preparation of leaf and flower extracts 32 

 Ovicidal activity of plant extracts 32 

   Bioassay studies 32 

 Experimental design 32 

 Test for ovicidal activity 34 

 Statistical analysis 34 

 PHASE - II  

3.2 Repellent activity of plant extracts 34 

 Laboratory culture of adult mosquitoes 34 

 Bioassay studies 35 

 Experimental design 35 

 Test for repellent activity 35 

 Statistical analysis 36 



CHAPTER 
NO. 

TITLE 
PAGE 
NO. 

 PHASE - III   

3.3 Phytochemical screening     36 

 Qualitative analysis 36 

 GC-MS analysis 38 

 PHASE - IV  

3.4 In silico studies 39 

 Biological activity prediction 39 

 Molecular docking studies 39 

 Target protein retrieval and preparation 39 

 Grid generation 42 

 Ligands retrieval and preparation 42 

 Molecular docking of target protein with ligands 43 

 Examining glide data 44 

 Molecular dynamic simulation of docked complex 44 

 Molecular and stochastic dynamics 45 

 Dynamics using Macro Model 45 

4 RESULTS AND DISCUSSION ………………………………… 47 

 PHASE - I  

4.1 Ovicidal activity 47 

 

Leaf and Flower extracts 

a) C. gigantea 

b) T. peruviana 

c) T. erecta 

d) L. camara 

e) B. acuminata 

 

 Discussion 77 

 PHASE - II  

4.2 Repellent activity 83 

 

Leaf and Flower extracts 

a) C. gigantea 

b) T. peruviana 

c) T. erecta 

d) L. camara 

e) B. acuminata 

 

 Discussion 100 



CHAPTER 
NO. 

TITLE 
PAGE 
NO. 

 PHASE - III  

4.3 Phytochemical screening 105 

 Qualitative analysis 106 

 GC-MS analysis 107 

 Discussion 128 

 PHASE - IV  

4.4 In silico analysis of phytochemical compounds 132 

 Biological activity prediction 132 

 Molecular docking studies 145 

 Molecular dynamics studies 148 

 Discussion 152 

5 SUMMARY AND CONCLUSION ………………………… 157 

 BIBLIOGRAPHY …………………………………………… 161 

 PUBLICATIONS ……………………………………………. 197 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



LIST OF TABLES 

 

TABLE 
NO. 

TITLE 
PAGE 
NO. 

1 Details of plant species used for the study and their collection 
area 

29 

2 Ovicidal activity of petroleum ether, chloroform and ethanol 
extracts of C. gigantea leaf against C. quinquefasciatus 

51 

3 Ovicidal activity of petroleum ether, chloroform and ethanol 
extracts of T. peruviana leaf against C. quinquefasciatus 

52 

4 Ovicidal activity of petroleum ether, chloroform and ethanol 
extracts of T. erecta leaf against C. quinquefasciatus 

53 

5 Ovicidal activity of petroleum ether, chloroform and ethanol 
extracts of L. camara leaf against C. quinquefasciatus 

54 

6 Ovicidal activity of petroleum ether, chloroform and ethanol 
extracts of B. acuminata leaf against C. quinquefasciatus 

55 

7 Lethal concentration of leaf extracts of C. gigantea against eggs 
of C. quinquefasciatus 

56 

8 Lethal concentration of leaf extracts of T. peruviana against eggs 
of C. quinquefasciatus 

56 

9 Lethal concentration of leaf extracts of T. erecta against eggs of 
C. quinquefasciatus 

56 

10 Lethal concentration of leaf extracts of L. camara against eggs of 
C. quinquefasciatus 

57 

11 Lethal concentration of leaf extracts of B. acuminata against 
eggs of C. quinquefasciatus 

57 

12 Ovicidal activity of petroleum ether, chloroform and ethanol 
extracts of C. gigantea flower against C. quinquefasciatus 

58 

13 Ovicidal activity of petroleum ether, chloroform and ethanol 
extracts of T. peruviana flower against C. quinquefasciatus 

59 

14 Ovicidal activity of petroleum ether, chloroform and ethanol 
extracts of T. erecta flower against C. quinquefasciatus 

60 



TABLE 
NO. 

TITLE 
PAGE 
NO. 

15 Ovicidal activity of petroleum ether, chloroform and ethanol 
extracts of L. camara flower against C. quinquefasciatus 

61 

16 Ovicidal activity of petroleum ether, chloroform and ethanol 
extracts of B. acuminata flower against C. quinquefasciatus 

62 

17 Lethal concentration of flower extracts of C. gigantea against 
eggs of C. quinquefasciatus 

63 

18 Lethal concentration of flower extracts of T. peruviana against 
eggs of C. quinquefasciatus 

63 

19 Lethal concentration of flower extracts of T. erecta against eggs 
of C. quinquefasciatus 

63 

20 Lethal concentration of flower extracts of L. camara against eggs 
of C. quinquefasciatus 

64 

21 Lethal concentration of flower extracts of B. acuminata against 
eggs of C. quinquefasciatus 

64 

22 Repellent activity of C. gigantea leaf extracts against adults of     
C. quinquefasciatus 

87 

23 Repellent activity of T. peruviana leaf extracts against adults of 
C. quinquefasciatus 

88 

24 Repellent activity of T. erecta leaf extracts against adults of     
C. quinquefasciatus 

89 

25 Repellent activity of L. camara leaf extracts against adults of     
C. quinquefasciatus 

90 

26 Repellent activity of B. acuminata leaf extracts against adults of 
C. quinquefasciatus 

91 

27 Repellent activity of C. gigantea flower extracts against adults of 
C. quinquefasciatus 

92 

28 Repellent activity of T. peruviana flower extracts against adults of 
C. quinquefasciatus 

93 



TABLE 
NO. 

TITLE 
PAGE 
NO. 

29 Repellent activity of T. erecta flower extracts against adults of     
C. quinquefasciatus 

94 

30 Repellent activity of L. camara flower extracts against adults of 
C. quinquefasciatus 

95 

31 Repellent activity of B. acuminata flower extracts against adults 
of C. quinquefasciatus 

96 

32 Phytochemical constituents present in plant extracts 106 

33 Structure and properties of secondary metabolites 133 

34 Activity of Di (2-ethylhexyl) phthalate 135 

35 Activity of Beta amyrin 136 

36 Activity of Alpha amyrin 137 

37 Activity of Peruvianoside I 138 

38 Activity of Cis-ocimene 139 

39 Activity of Linalool 140 

40 Activity of Lutein 141 

41 Activity of Beta caryophyllene 142 

42 Activity of Zeaxanthin 142 

43 Activity of Piperitone 144 

44 Docking score and H-bond interaction of ligands against 
mosquito odorant binding protein (PDB id 2L2C) 

146 

 
 
 

 

 



LIST OF FIGURES 

 

FIGURE 
NO. 

TITLE 
PAGE 
NO. 

1 Odorant binding protein of C. quinquefasciatus 41 

 a) Three dimensional structure of (PDB id 2L2C) 

b)  Before preparation of the protein 

c)  After preparation of the protein 

  

2 Effect of petroleum ether extract of selected leaves on egg 

hatchability of C. quinquefasciatus 

65 

3 Effect of chloroform extract of selected leaves on egg hatchability 

of C. quinquefasciatus 

66 

4 Effect of ethanol extract of selected leaves on egg hatchability of 

C. quinquefasciatus 

67 

5 Effect of petroleum ether, chloroform and ethanol extract of 

selected leaves on total egg hatchability of C. quinquefasciatus 

68 

6 Effect of petroleum ether, chloroform and ethanol extract of 

selected leaves on total egg mortality of C. quinquefasciatus 

69 

7 Effect of petroleum ether extract of selected flowers on egg 

hatchability of C. quinquefasciatus 

70 

8 Effect of chloroform extract of selected flowers on egg 

hatchability of C. quinquefasciatus 

71 

9 Effect of ethanol extract of selected flowers on egg hatchability of 

C. quinquefasciatus 

72 

10 Effect of petroleum ether, chloroform and ethanol extract of 

selected flowers on total egg hatchability of C. quinquefasciatus 

73 

11 Effect of petroleum ether, chloroform and ethanol extract of 

selected flowers on total egg mortality of C. quinquefasciatus 

74 

12 Gas Chromatogram of ethanol extract of C. gigantea leaf 110 

13 Mass spectrum of ethanol extract of C. gigantea leaf 111 

14 Gas Chromatogram of chloroform extract of T. peruviana leaf 114 



FIGURE 
NO. 

TITLE 
PAGE 
NO. 

15 Mass spectrum of chloroform extract of T. peruviana leaf 114 

16 Gas Chromatogram of ethanol extract of C. gigantea flower 118 

17 Mass spectrum of ethanol extract of C. gigantea flower 118 

18 Gas Chromatogram of chloroform extract of T. erecta flower 121 

19 Mass spectrum of chloroform extract of T. erecta flower 121 

20 Compounds docked against odorant binding protein     

(PDB id 2L2C) of C. quinquefasciatus 

147 

 a) Compound 42608013 (Peruvianoside I) 

b) Compound 201783 (Beta amyrin) 

c) Compound 536995 (Cis-ocimene) 

d) Compound 6549 (Linalool) 

 

21 Graphical representation of molecular dynamics simulation 

studies for docked complex 

149 

 a) Time vs. RMS map for compound 42608013 (Peruvianoside 

I) - 2L2C complex structure for 100ps 

b)  Time vs. Potential energy map for compound 42608013 

(Peruvianoside I) - 2L2C complex structure for 100ps 

c)  Time vs. RMS map for compound 201783 (Beta amyrin ) –

2L2C complex structure for 100ps 

d)  Time vs. Potential energy map for compound 201783 (Beta 

amyrin) - 2L2C complex structure for 100ps 

e)  Time vs. RMS map for compound 5369951     

(Cis-ocimene) - 2L2C complex structure for 100ps 

f)  Time vs. Potential energy map for compound 5369951     

(Cis-ocimene) - 2L2C complex structure for 100ps 

 

 

 

 

 



 
LIST OF PLATES 

 

PLATE 
NO. 

TITLE 
PAGE 
NO. 

I Test leaves 30 

II Test flowers 31 

      III a) Soxhlet apparatus 

b) Experimental setup  

     i) Leaf extracts 

    ii) Flower extracts 

c) Experimental setup for repellent activity 

33 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



ABBREVIATIONS 
 

WHO - World Health Organization 

NICD - National Institute of Communicable Diseases 

OBPs - Odorant Binding Proteins 

ODE - Odorant Degrading Enzymes 

ORs - Olfactory Receptors 

NIH - National Institute of Health 

GC-FID - 
Gas Chromatography equipped with Flame Ionisation 
Detector 

TLC - Thin Layer Chromatography 

PDB - Protein Data Bank 

RMSD - Root Mean Square Deviation 

SCPIs - Sterol Carrier Proteins Inhibitors 

GSTs - Glutathione S-Transferases 

PfEMP1 - Plasmodium falciparum Erythrocyte Membrane Protein 1 

AgOBP1 - Anopheles gambiae Odorant Binding Protein 1 

CRD - Completely Randomized Design 

ANOVA - Analysis of Variance 

PASS - Prediction of Activity Spectra for Substances 

USSR - Union of Soviet Socialist Republics 

SCOP - Structural Classification of Proteins 

CATH - Class, Architecture, Topology and Homology 

GO - Gene Ontology 

GUI - Graphical User Interface 

OPLS-AA - Optimized Potentials for Liquid Simulations (All Atoms) 

SP - Standard Precision 

MD - Molecular Dynamics 

MCSD - Monte Carlo/Stochastic Dynamics 

JBW - Jumping Between Wells 

LC - Lethal Concentration 

 



  
        ABBREVIATIONS 
 

SDF - Spatial Data Format 

CSV - Comma Separated Values 

SD - Structure Data 

MOL - Molfiles 

TXT - Text files 

SASA - Surface Accessible Solvent Area 

LOO - Leave One Out 

RRT - Relative Retention Time 

ORN - Olfactory Receptor Neurons 

 

 


