
 

k 

CONTENTS 

           Page 

Acknowledgements              c 

Abstract in Thai              e 

Abstract in English              h 

List of Tables               q 

List of Figures               t 

List of Abbreviations              u 

List of Symbols              x 

Statements of Originality in Thai            y 

Statements of Originality in English            z 

CHAPTER 1 Introduction 1 

1. General introduction             1 

1.1 Statement and significance of problem           1 

2. Literature review              4 

2.1. Mosquitoes               4 

2.2. Plant-derived repellents            9 

 



 

l 

CONTENTS (continued) 

           Page 

2.3. Angelica sinensis (Oliv.) Diels the most effective 

plant sample           15 

2.4. Novel technology          16 

3. Purposes of the study          18 

4. Usefulness of the study          19 

CHAPTER 2 Materials and Methods          20 

2.1 Materials            20 

2.1.1 Plant materials          20 

2.1.2 Human volunteers          22 

2.1.3 Experimental animals         22 

2.1.3.1 Mosquitoes          22 

2.1.3.2 Albino rats          23 

2.1.4 Chemicals           23 

2.2 Methods            24 

2.2.1 Mosquito test populations and rearing       24 

2.2.2 Plant preparations          26 

2.2.2.1 Preparation of crude plant extracts       26 

2.2.2.2 Preparation of active extracts from the most  

effective plant       27

https://en.wikipedia.org/wiki/Ludwig_Diels


 

m 

CONTENTS (continued) 

           Page 

2.2.2.3 Preparation of AHE-based repellent products     28 

2.2.2.3.1 AHE-ethanol solution       28 

2.2.2.3.2 AHE-nanoemulsion       28 

2.2.2.3.3 10% AHEv-nanoemulsion gel      29 

2.2.3 Chemical analysis of A. sinensis extracts       30 

2.2.4 Repellent bioassays          31 

2.2.4.1 Laboratory repellent bioassay       31 

2.2.4.1.1 Preliminary repellent screening      31 

2.2.4.1.2 Repellent investigation of active extracts 

from the most effective plant (A. sinensis)     32 

2.2.4.1.3 Repellent investigation of AHE-based  

repellent products        32 

2.2.4.1.3.1 AHE-ethanol solution      32 

2.2.4.1.3.2 AHE-nanoemulsion      32 

2.2.4.1.3.3 10% AHEv-nanoemulsion gel     33 

2.2.4.2 Field repellent bioassay        33 

2.2.4.2.1 Field I         34 

2.2.4.2.1.1 Preliminary survey      34 

2.2.4.2.1.2 Field repellent bioassay     34 

 



 

n 

CONTENTS (continued) 

           Page 

2.2.4.2.2 Field II         35 

2.2.4.2.2.1 Preliminary survey      35 

2.2.4.2.2.2 Field repellent bioassay      35 

2.2.5 Evaluating potential skin irritation from AHE-based  

repellent products          36 

2.2.6 Testing the physical and biological stability of  

AHE-based repellent products        37 

2.2.6.1 Temperature-time method        37 

2.2.6.2 Heating and cooling method        38 

2.2.7 Statistical analysis          38 

CHAPTER 3 Results            39 

3.1 Plant preparations           39 

3.1.1 Preparation of crude plant extracts        39 

3.1.2 Preparation of active extracts from A. sinensis      41 

3.1.3 Preparation of AHE-based repellent products      42 

3.2 Chemical analysis of A. sinensis products        43 

3.3 Repellent bioassays          46 

3.3.1 Laboratory repellent bioassay        46 

3.3.1.1 Preliminary repellent screening       46 



 

o 

CONTENTS (continued) 

 Page 

3.3.1.2 Repellent investigation of active extracts from A. sinensis    48 

3.3.1.3 Repellent investigation of AHE-based repellent products    49 

3.3.1.3.1 Repellency of AHE-ethanol solution     49 

3.3.1.3.2 Repellency of AHE-nanoemulsion     50 

3.3.1.3.3 Repellency of 10% AHEv-NEG      51 

3.3.2 Field repellent bioassay         52 

3.3.2.1 Field I          52 

3.3.2.2 Field II          56 

3.4 Evaluating potential skin irritation from AHE-based repellent products    60 

3.5 Testing the physical and biological stability of AHE-based  

repellent products           61 

3.5.1 Physical and biological stability of AHE  

(Temperature-time method)         61 

3.5.2 Physical and biological stability of 10% AHEv-NEG     63 

3.5.2.1 Temperature-time method        63 

3.5.2.2 Heating and cooling method        66 

 

 



 

p 

CONTENTS (continued) 

 Page 

CHAPTER 4 Discussion            68 

CHAPTER 5 Conclusion           83 

References             85 

List of Publications            103 

Curriculum Vitae            104 

  



 

q 

LIST OF TABLES 

 Page 

Table 2.1 Plant samples screened for repellent activity against female  

  Ae. aegypti           21 

Table 2.2  The ingredient details of 10% AHEv-NEG and 10% DEETv-NEG    29 

Table 2.3  Assessment of reactions          37 

Table 3.1 Percentage yield (%Yield), color and appearance of plant products, 

 including essential oils and ethanolic extracts       40 

Table 3.2 Percentage yield (%Yield), appearance and physical characteristics  

 of A. sinensis products, including AHE, AAE, AME, and AEE     41 

Table 3.3 Apperance and physical characteristics of AHE-based  

 repellent products           42 

Table 3.4 Chemical constituents of A. sinensis products, including essential oil 

 (AEO) and solvent extracts (AHE, AAE, AME, and AEE)     44 

Table 3.5 Repellent activity of plant products, including essential oils and  

 ethanolic extracts, against female Ae. aegypti       47 

Table 3.6 Repellent activity of DEET and A. sinensis products, including  

 essential oil (AEO) and solvent extracts (AHE, AAE, AME, and AEE)  

 against female Ae. aegypti         48 

Table 3.7 Repellent activity of the ethanolic solutions of AHE and DEET  

 with and without 5% vanillin supplementation (AHE-ES, AHEv-ES, 

 DEET-ES, and DEETv-ES) against female Ae. aegypti      49 

  



 

r 

LIST OF TABLES (continued) 

Page 

Table 3.8 Repellency of the ethanolic solutions of AHE 

 (AHE-ES and AHEv-ES) and nanoemulsions of AHE  

 (AHE-NE and AHEv-NE) against female Ae. aegypti      50 

Table 3.9 Repellent activity of 10% AHEv-NEG and 10% DEETv-NEG  

 against female Ae. aegypti, Cx. quinquefasciatus, and An. minimus    51 

Table 3.10 Number of mosquitoes and mosquito collecting rates  

 (Meanstandard error, SE) captured from human volunteers  

 during field repellent bioassays at Sunpesua subdistrict,  

 Muang district, Chiang Mai province, northern Thailand     54 

Table 3.11 Results obtained from field repellent assessment of 25% AHEv-ES 

 and 25% DEETv-ES, undertaken at Sunpesua subdistrict,  

 Muang district, Chiang Mai province, northern Thailand     55 

Table 3.12 Number of mosquitoes and mosquito collecting rates  

 (Meanstandard error, SE) captured from human volunteers  

 during field repellent bioassays at Sunpesua subdistrict,  

 Muang district, Chiang Mai province, northern Thailand     58 

Table 3.13 Results obtained from field repellent testing of 10% AHEv-NEG 

 and 10% DEETv-NEG, showing the protection offered against 

 the various species of mosquitoes collected       59 

Table 3.14 Skin irritant potential of 25% AHE-ES, 10% AHEv-NEG,  

 20% SLS, and absolute ethanol         61 

  



 

s 

LIST OF TABLES (continued) 

 Page 

Table 3.15 Appearance, physical property, and repellent activity of the  

 fresh and stored samples of AHE against female Ae. aegypti     62 

Table 3.16 Appearance, physical property, and repellent activity against 

 female Ae. aegypti of the fresh and stored products of 

 10% AHEv-NEG           64 

Table 3.17 Appearance, physical property, and repellency against  

 Ae. aegypti of 10% AHEv-NEG samples after being kept 

 under 0, 2, and 4 cycles of heating and cooling       66 

 

  



 

t 

LIST OF FIGURES 

 Page 

Figure 1.1 The life-cycles of Anopheline and Culicine mosquitoes      5 

Figure 1.2 Angelica sinensis (Oliv.) Diels         16 

Figure 3.1 GC/MS total ion chromatograms of A. sinensis products, 

 including essential oil (AEO) and solvent extracts 

 (AHE, AAE, AME, and AEE)         45 

Figure 3.2 Distribution of mosquito species collected during the 

 field repellent bioassays at Sunpesua subdistrict, Muang district, 

 Chiang Mai province, northern Thailand        56 

Figure 3.3 Samples of 10% AHEv-NEG after kept at conditions that vary 

 in temperature and time storage compared with fresh preparation    65 

Figure 3.4 Samples of 10% AHEv-NEG after being kept under  

 0, 2, and 4 cycles of heating and cooling        67 

  

https://en.wikipedia.org/wiki/Daniel_Oliver
https://en.wikipedia.org/wiki/Ludwig_Diels


 

u 

LIST OF ABBREVIATIONS 

 AT   Ambient temperature 

 cm   Centimeter 

 cm2   Square centimeter 

 CMU   Chiang Mai University 

 CS   Collecting site 

 e.g.   For example 

 et al.    And others 

 etc.   et cetera 

 F    Formulation 

 FDA   Food and Drug Administration 

 g    Gram 

 GC   Gas chromatography 

 h    Hour 

IU  International Unit 

kg  Kilogram 

L  Liter 

LC50  Median lethal concentration 

m  Meter 

mg  Milligram  



 

v 

LIST OF ABBREVIATIONS (continued) 

min   Minute 

ml   Milliliter 

mm  Millimeter 

MS   Mass spectrometry 

MPT   Median complete protection time 

NIH   National Institute of Health 

nm   Nanometer 

No   Number 

pH   Potential of hydrogen 

ppm   Part per million 

RD95   Repellent dose 

s   Second 

SE   Standard errors 

spp.   Species 

 µl   Microliter 

µm   Micrometer  

USEPA   United States Environmental Protection Agency 

  



 

w 

LIST OF ABBREVIATIONS (continued) 

v/v   Volume per volume 

v/w   Volume per weight 

w/w   Weight per weight 

WHO    World Health Organization 

 

  



 

x 

LIST OF SYMBOLS 

 ±  Plus minus 

 +  Minus 

 =  Equals 

   Multiply 

    Approximately 

%  Percentage 

C  Degree Celsius 

 

 

 

 

  



 

y 

ข้อความแห่งการริเร่ิม 

1.  วิทยานิพนธ์น้ีไดร้ายงานฤทธ์ิป้องกนัยุงกดัของสารสกดัจากพืชสมุนไพรโกฐเชียง (Angelica 
sinensis) เป็นคร้ังแรก 

2.  วิทยานิพนธ์น้ีสามารถเตรียมผลิตภณัฑ์นาโนอิมลัชัน่จากสารสกดัเฮกเซนโกฐเชียง พร้อมทั้ง
พฒันาเป็นต ารับเจลขบัไล่ยงุท่ีมีประสิทธิภาพสูงและมีเสถียรภาพทางดา้นกายภาพและชีวภาพ  

3. วทิยานิพนธ์น้ีไดท้  าการประเมินและรายงานถึงฤทธ์ิป้องกนัยงุกดัของผลิตภณัฑ์โกฐเชียงต่อยุง
พาหะน าโรคหลากหลายสายพนัธ์ุภายใตห้อ้งปฏิบติัการและภาคสนาม 
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STATEMENTS OF ORIGINALITY 

1. In this thesis, the mosquito repellent potential of Angelica sinensis extracts was 

reported for the first time. 

 2. In this thesis, nanoemulsions of A. sinensis hexane extract (AHE) was prepared and 

developed as AHE-nanoemulsion gel, with high repellency as well as physical and 

biological stability.  

3. In this thesis, repellent activity of AHE-nanoemulsion products were investigated 

and reported against various mosquito vectors under laboratory and field conditions. 

 

 

 

  


