CONTENT: Page No.

DECLARATION OF RESEARCHER.......ccciciiiiiiiiiiiiiiiiiiiiieiieiniininaneen ii
CERTIFICATION OF SUPERVISOR......cciciiiiiiiiiiiiiiiiiiiiiiniiiaiinienecnnnes iii
ANTIPLAGIARISM REPORT.....cciuiiiiiiiiiiiiiiiiiiiiiieiiiiiiatnesnesnsnnsens iv
ABSTRACT ..uuiiiiiiiiiiiiiiiiiieiiittitttitstesatssstosssosssssessossssssssssssssssssssss v-ix
ACKNOWLEDGEMENT ....ciitiiiiiiiiieiiiiiiniietieiiiatsestesntssssessssnssnssssassns x-xi
101 011 ) (07N 1 L0 ) xii
g 00 L N xiii-xv
LIST OF FIGURES....ciiiiiiiiiiiiiiiiintiiiietiiissticsssstossssstossssscsssssssssnssssssans Xvi-xvii
LIST OF TABLES.....cuutiiiiiiiiiiiiiiiiiiiiiiiiiiietiiatctnstssstossssssssssssssnsssnsses xviii-xix
ABBREVIATIONS. .. ttiiiiitiiiiintiiiiattcsssstescssstosssssosssssssssssscssssssssssssssns XX-XXi
1. INTRODUCTION. . .ccuituiiiiiiniiniieitinitatiesiesntsessssssassasassnssnsssssnsoss 1-11
1.1.Burden of mosquito-borne diSEases..........ovueeiriieirieiiieiiiiieeieeieaanennn. 3-4
1.2.Richness of Phytochemicals and traditional
medicine in Northern part of West Bengal...................coooiiiiiiiinn, 5
1.3.Brief history about use of insecticides both
synthetic and botanicals against MOSQUItOES. ........o.eveirriirieiiiiieeeieanannns 5-9
1.5. Aims and goals in popularizing botanicals.................ccooiiiiiiii 10-11
2. REVIEW OF LITERATURE......cccccittiiiiiiiiiiiiiiniieriesniinreessesnssnsonses 11-41
2.1.Extraction of Phytochemicals...............coooiiiiiiii e, 11-13
2.1.1. Microwave Assisted Extraction (MAE)............ccoooiiiiiiiiiiiinn. 11-12
2.1.2. Supercritical Fluid extraction (SFE)............cooiiiiiii 12
2.1.3 Maceration using SOIVeNt............ooiiiiiiii i, 12-13
2.1.4. Soxhlet eXtraction...........oouuieiiii e 13
2.2, 0VIPOSIHION AELETTENL. .. ...\ttt ettt ettt et ettt et et et e e eeaaens 14-18
2.3.0VICTAAl ACHIVILY....unttt ettt 19
2.4.Larvicidal @CtIVILY......ouuit ittt 19-20
2.5.Pupicidal aCtiVItY. .. ..ot 20-25
2.6. Behavioural 1€SPONSe. .....uuiinti it 26-30
2.7.Description of plants SAMPIES.........oouiiiiiiiiii i e 30-34
2.8.Types of major compounds against MOSQUItOES. .......vevrreerreeinieereenreennnennn. 34-37
2.8 1. ALKALOIAS. .. .eee e e 34-35
2.8.2. TerPeNOIAS. . ..ttt et 35-36
2.8.3. PRENOLICS. .ottt 36
2.8.4. Phenylpropanoid and phenylbutanoid...................ooiiiiiii L, 37
2.8.5. Cyanogenic glyCOoSIAeS. . .. o.uuuuitiit ittt 37

2.9. Mode of action of Botanicals against mosquitoes............c.evvvverrierneennnnnnn. 37-38



2.10.Advancements in botanical pesticides............coviviriiiiiiiiiiiiie e, 39-41

2.10.1. NanOPeStICIACS. .. .vve ettt et e e eaee e naeenns 39-40
2.10.2. Structure activity relationship............coooiiiiiiiiiiiiiiiiiiiiiei e 40-41
3. OBJECTIVES.....cuiiiiiiiiiiiiiiiiiiiiiiiiiiiiietitiiiietietittattasisceecnssssssnns 41
4. MATERIALS AND METHOD.....cccccciiiiuiiuiiiiniieiieiiiiniieciesnecanenes 42-56
4.1. Collection and identification of plants..................cooiiiiiiiin.. 42-44
4.2. Preparation of plant €Xtracts...........ooveiiiiiiiiiiiiii i, 45-46

4.2.1. Heracleum nepalense... .............cc.cccc e ieeieseeseeeve i eeee vee vee 2045
4.2.2. Zingiber MONIANUM ... ... ... ... ... ceeeee et it ceeee aee aeeeen e s s e e e 2. 4546

4.3. MoSQUItO COIIECHION. ... uui ettt 46
4.4. Oviposition Deterrent behavior..............ooeviiiiiiiiiiiiiiiiie e, 46-47
4.5.0vIicidal aCtiVILY....oouineiii i 47
4.6. Mosquito larvicidal bioassay...........ooeiuiiiiiiiiiiii i 48
4.7. Pupicidal activity........c.oiuiiiiiii e 48
4.8. Contact ITITANT ...ttt 48-49
4.9. Spatial Repellent...........c.ooiiiiii 49-51
4,10 TOXICIEY @SSAY.ru v utententtententeete et ete et et ete et eteareaneenseaneaneenans 51
4.11. Toxicity assay on non-target OrganiSms. .........oovevveereeneenreeneennennnn 51-52
4.12. Phytochemical SCreening.............ooevvviviiiiiiiiiiiiiei i, 52
4.13. GC-MS @NalySiS. ... oouiintiittiteitt et e 53
4.14. Bioassay-guided 1S0lation.............ooeiiiiiiiiiiii i 53-55
4.14.1 Mobile Phase Selection.............cccovviiiiiiiiiiiiiiiiii e, 53
4.14.2. Column Separation............o.evueeniiniineiiieieeieeiaeeaaannes 53-54

4.14.2.1. Heracleum nepalense... .............c.ccccccovveueee e .. .54-55
4.14.2.2. Zingiber mONtanum... ......... ... .. ceevuv v cuvvn v aee 20 95

4.15. Structural identification of bioactive compounds.................cooeeiiint. 55
4.16. Data ANalySiS. . ..ouuueeiiitt et e 56
5. RESULTS. . .tiitiiiiiiiiiiiiiieiietiiatieseesassatssssssnssnssssssssssnssnsssssssnses 57-96
5.1. Bioactivities of Heracleum nepalense fruit extract............................. 57
5.1.1. Oviposition deterrent. ... .. ....cvueieiiiiiiiiiiiiiniieeeaenn, 57
5.1.2. 0vicidal aCtiVity......ooueiiiiii i 58
5.1.3. Larvicidal @SSay......ouvvnuiiniiiiii i 58-61
5.1.4. Pupicidal @ssay........ooueeiriiiiiiii e 61-63
5.1.5. Contact Irritant.........oo.oiuiiiii i, 64
5.1.6. Spatial repellent...........c.ooiiiiiiiiii 64
5.1.7. Adulticidal @ssay..........oouiiiiiiii e, 64

5.1.8. Non-target toxXicity bl0assay.........ooeevvriiiiiieiiiniiieieennnenns. 64-65



5.1.9. Biochemical assay..........ccooeviiiiiiiiiiiii i 65-66
5.1.10. GC-MS and bioassay-guided
fractioNAtioN. ... o. et 66-69
S5.1.11. Structural AnalysSiS........o.vviiiiiiiiiii i 69-71
5.2. Bioactivities of Zingiber montanum rhizome................ccvvveiiiiieinnann... 71-96
5.2.1. Oviposition deterrent. . ..........vvueitiiietiieei e 71-74
5.2.2.0vicidal aCtiVIty......oiuiiii i 74-77
5.2.3. Larvicidal @SSay......o.veuiiiiiiiiiiii e 77-80
5.2.4. Pupicidal @ssay.........ooeiiiiiiii 81-83
5.2.5. Contact Irritant...........ooiiiiiii e, 83-84
5.2.6. Spatial repellent.............oooiiiiiiiiiii e 84-87
5.2.7. Adulticidal @ssay..........coouiiiiiii e 87-88
5.2.8. Non-target toXiCity bioassay.........cvveerriirieniiiniiieniieneennennnn. 88-89
5.2.9. Biochemical assay..........couiviiiiiiiiiiiiiii e 89
5.2.10. GC-MS and bioassay guided fractionation............................. 89-94
5.2.11. Structural ANalySiS........ouevuiiniitiii i 94-96
6. DISCUSSION....uiitiiiitiieiiiiiiiieiieiittitietietietnttatssssssnteassssssasssssssncs 97-118
6.1. Screening of Plants....... ... 97-100
6.2. Ovipositional deterrent activity of H. nepalense and
Z. montanum against Ae. albopictus and Cx. quinquefasciatus... .............. 100-102
6.3. Ovicidal activity of H. nepalense and Z. montanum against
Ae. albopictus and Cx. quinquefasciatus..................ccc e v evevvvvvenn ... 102103
6.4. Larvicidal activity of H. nepalense and Z. montanum against
Ae. albopictus and Cx. quinquefasciatus... .............c.cccoeeeeeeeeveeeeeeen ... 103-104
6.5. Pupicidal activity of H. nepalense and Z. montanum against
Ae. albopictus and Cx. quinquefasciatus..................ccc e v evvvvv evvevn ... 104-105
6.6. Contact irritant and Spatial repellent activity of H. nepalense and
Z. montanum against Ae. albopictus and Cx. quinquefasciatus... .............106
6.7. Phytochemical analysis of H. nepalense and Z. montanum extract........... 107



6.8. Boassay guided fractionation................coooiiiiiiiiiiiiiiiiiiiiia e 108-
112
6.9. Larvicidal activity of H. nepalense and Z. montanum against
TX. SPLENAENS ... ... ... oo iov e es et e e e e e e e e e eeeveeveeeeneeenn. 113114
7. CONCLUSION...ttitiitiitiiiiiiitittieiitietietietetatssciecatsassssscasssssssnscns 115-118
8. REFERENCES....utiuiiiiiiiiiiiiiiiiiiiiietieiiiiiietiettisnitassesassassssssnses 118-154
9. SUPPLEMENTARY FILES ...ciuiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiieciieeecneen 155-167
10. RESEARCH HIGHLIGHTS ...cviviiiiiiiiiiiiiiiiiiiiiiiietieinisaiseceesncnnn 168-170
11. LIST OF PUBLICATIONS....etttitiitiiiiiiiiiiiieiieiiiiatieciecieiecnececncnen 171
12. LIST OF PAPER PRESENTATION IN
SEMINARS/CONFERNECES......ccciiiiiiiiiiiiiiiiiiiiiiiiiiieiieineinineneees 171
13. PUBLISHED PAPERs

14. CERTIFICATE OF ONE NATIONAL AND ONE
INTERNATONAL CONFERENCE ATTENDED

XXXXXXXXXX



