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ABSTRACT

Preliminary laboratory screening tests for repellency of herbal products derived
from 33 plant species against Aedes aegypti clearly demonstrated essential oil and
ethanolic extract of Angelica sinensis rhizome and root as the most effective repellent,
with the median complete protection times (MPTs) of 7.0 h (6.0-7.5) and 2.5 h (2.0-2.5),
respectively. Subsequent extractions of A. sinensis with different organic solvents of
increasing polarity provided four extractants with varying degrees of repellency against
Ae. aegypti. The hexane extract of A. sinensis provided MPT of 7.5 (6.5-8.5) h, which
was greater than that of ethanol extract (AEE: 2.5, 2.0-2.5 h), acetone extract (AAE: 1.75,
0.5-2.5 h), and methanol extract (AME: 0.5, 0-1.0 h). Significant protection afforded by
A. sinensis hexane extract (AHE), which was the most effective sample, compared
favorably with that of its essential oil (AEO: 7.0, 6.0-7.5 h) and the standard synthetic
repellent, N,N-diethyl-3-methylbenzamide (DEET: 6.25, 5.0-6.5 h). Chemical analysis by
using qualitative gas chromatography/mass spectrometry demonstrated that the
compositions in these A. sinensis products were almost similar because phthalides or
phthalates were principal constituents. A high percentage of phthalides, including 3-N-
butylphthalide, butylidenephthalide, and ligustilide was found in AHE (83.33%), AEO



(78.44%), AME (42.78%), and AEE (39.03%), whereas AAE (56.47%) showed the
highest amount of phthalates such as di-iso-octyl phthalate. The most effective product,
AHE, was selected for preparations of AHE-based repellent products, including AHE-
ethanol solution (AHE-ES) and AHE nanoemulsion (AHE-NE), with and without vanillin
supplementation. The repellent test of these AHE-based products against Ae. aegypti
demonstrated improved repellency in a dose-dependent manner when vanillin was added.
While 5-25% AHE-ES alone provided MPTs of 2.0-6.5 h against Ae. aegypti, 5-25%
AHE-ES added with 5% vanillin (AHEV-ES) generated prolonged MPTs of 4.0-8.5 h.
Correspondingly, 5-25% DEET ethanol solution combined with 5% vanillin (DEETv-
ES) also extended MPTs from 2.25-7.25 h to 4.25-8.25 h against Ae. aegypti. Increased
repellency also was observed in 5-25% AHE-NE added with 5% vanillin (AHEv-NE),
with expanded MPTs from 3.25-5.75 h to 4.0-7.75 h against Ae. aegypti. In order to
transform AHE-based repellents for exploitable commercial production, AHEv-NE was
subjected to preparation into gel form (AHEv-NEG), which was tested subsequently for
repellency against three mosquito vectors. It was found that 10% AHEv-NEG afforded
remarkable repellency against Ae. aegypti, Culex quinquefasciatus, and Anopheles
minimus, with MPTs of 4.5 (4.0-6.0), 7.75 (6.5-11.5) and 11.0 (9.5-12.0) h, respectively,
which was comparable to that of 10% DEET-vanillin nanoemulsion gel (10% DEETv-
NEG: 7.5 (6.5-9.0), 10.5 (9.5-16.0), and 12.0 (10.0-12.5) h, respectively).

Field repellent evaluations were conducted twice; once each in Field I and Field 11,
at the same location in Chiang Mai province during the hot and rainy seasons of 2013 and
2016, respectively. In Field I, 25% AHEvV-ES and 25% DEETV-ES produced similarly
strong repellency by minimizing bites with a 100% protection against a wide range of
field mosquito populations. A total of 5,718 adult female mosquitoes belonging to five
genera; Aedes, Anopheles, Armigeres, Culex, and Mansonia, were collected during the
field study. Among 13 mosquito species collected, Cx. quinquefasciatus, Armigeres
subalbatus, and Culex vishnui were the most prominent, which made up 41.47%, 41.13%,
and 10.53%, respectively. In Field 1l, two nanoemulsion gel products; 10% AHEv-NEG
and 10% DEETv-NEG were evaluated for repellency, and the former was slightly
stronger than the latter against a wide range of natural mosquito populations. While 10%



DEETV-NEG was effective in reducing bites, with 99.9% protection, the protective effect
of 10% AHEV-NEG appeared to be complete (100% protection). A total of 13,161 adult
female mosquitoes belonging to six genera; Aedes, Anopheles, Armigeres, Culex,
Mansonia, and Lutzia, were captured during the field study. Among 19 mosquito species
captured, the most prominent were Cx. quinquefasciatus, Cx. vishnui, Ae. vexans, Cx.
gelidus, and Ar. subalbatus which made up 24.91%, 24.15%, 17.47%, 10.81%, and
7.81%, respectively. No local skin reactions such as rash, swelling, irritation or other

allergic responses were observed in either laboratory or field study periods.

Evaluation of skin irritation in 30 human volunteers revealed no potential irritant
from 25% AHE-ES or 10% AHEvV-NEG. Determination of physical and biological
stability of AHE-based repellent products, such as AHE and 10% AHEv-NEG, was
carried out after they were kept under conditions of a varying temperature and time
storage and/or a heating/cooling cycle. After storage at 4 °C, ambient temperature (21 to
35 °C), and 45 °C for 1, 3, and 6 months, all stored AHE samples exhibited similar
characteristics, with an aromatic odor similar to that of fresh preparation. Repellency of
the stored AHE samples against Ae. aegypti was present for a period of at least 6 months,
with varied efficacy (MPTs = 4.5-10.0 h). The stored samples of 10% AHEvV-NEG
exhibited some changes in appearance and differing degrees of repellency, with MPTs
ranging between 3.5-5.25 h, after keeping at 4 °C, ambient temperature (16 to 30 °C), and
45 °C for 1, 2, 3, and 6 months. However, 10% AHEvV-NEG samples demonstrated
similarity in appearance and physical property between those kept for 2 and 4
heating/cooling cycles, which provided MPTs of 4.50 (4.0-4.5) and 3.75 (3.5-4.5) h,
respectively, when compared to that of 5.50 (5.0-6.0) h in fresh preparation. According
to their highly effective repellency, rather physical and biological stability, with no irritant
side effects, AHE-based products are potential candidates for developing new natural

commercial repellent products that may be an alternative to DEET.



