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ABSTRACT

A aude extract from the roots, leaves and creeping branches of Derris elliptica
Bentham (Papilioneae), and indigenous plant, kills mosquito larvae under laboratory conditions.
Experiments were performed on second instar larvae of Aedes egypti Linnaeus, Anopheles
(cellia) minimus Theobald, and Culex quinquefasciatus Say. The mortality rate was
determined after exposure of larvae to various concentrations of crude extract at time
intervals ranging from 1 to 96 hours. The results indicated that the extract from this
plant had toxic effects on the development of larvae, and interfered with the formation
of the cuticle and internal tissues, leading finally to total mortality. Further investigations
of the active chemical constituents as well as field trials are planned.

INTRODUCTION

Aedes aegypti Linnaeus, Anopheles (cellia) minimus Theobald, and Culex quinque-
fasciatus Say are important vectors of malaria, hemorrhagic fever, and Bancroftian filariasis
in Thailand. Chemical insecticides are extensively used to control them. This method tends to
cause serious environmental problems. Moreover, the regular use of chemicals helps to
select for resistance in the insects themselves, which has been a major cause of failure in
vector control campaigns. In order to overcome this problem many new and more powerful
chemicals are being synthesized and used. but the problem persists. Search for safer
chemicals which are effective as insecticides and pesticides, but less harmful to the
ecosystem has also continued. It is believed that certain compounds extracted from medicinal
plants might serve this purpose without causing pollution of the environment.

Among many known indigenous medicinal plants, hang-lai-dang (a local Thai name)
was selected for this investigation. Its botanical name is Derris elliptica Bentham (Papilioneae).
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It grows in abundance in humid forests or along river banks. Its root secretes a milky
white resin which has been reported to contain an alkaloid. Local people make use of the
plant by beating the whole part thoroughly and soaking it in water for some time; the
water extract is then used to kill some insects, mites, ticks, lice, or wild fish before
stocking shrimp ponds. Local traditional doctors also ferment the dry creeping part of the
plant in alcohol (locally made whiskey) and use it as a drink to improve blood circulation
or to cure some body disorders.

Because of its known toxic properties, we were interested to determine whether
the extract could be used to kill mosquito larvae. If found effective, it could potentially
become an alternative to toxic chemicals now used in mosquito eradication campaigns.
Preliminary observations revealed high mortality rates of mosquito larvae of the three
species mentioned earlier upon addition of the crude extract from this plant. We therefore
decided to study its effects on mosquito larvae more thoroughly.

MATERIALS AND METHODS

The plant was collected from Roi-et and Kanchanaburi. It was cleaned in running water,
followed by a 0.9% saline solution, and then chopped into small pieces. All of its parts
were used, including the flowers. A one-kilogram quantity was extracted in a Soxhlet
apparatus with 2 liters of methanol for 7 days. The solid part was filtered off and
discarded. The solvent was removed in a rotary evaporator to leave a viscous residue.
Distilled water (20 ml) was added and evaporated to give 20 grams of crude extract for
use in the toxicity tests on mosquito larvae.

The solution was prepared by dissolving a weighed amount of the crude in
distilled water to give a slightly colored solution from which no precipitation occurred
upon standing throughout the investigation period. A 160 mg/l solution was prepared
from 160 mg of the crude and one liter of distilled water. Less concentrated solutions
were prepared from this stock solution by dilution with distilled water.

The subjects used in this investigation were the second instar larvae of Aedes
aegypti, Anopheles (cellia) minimus, and culex quinquefasciatus. Twenty larvae of each
species were used in every trial with a total of five replications along with the control
which consisted only of water and larvae. Tap water aerated for 48 hours in plastic
buckets was used in all treatments. The subjects were fed daily with a small amount of
ground hamster food. Temperature were controlled at 27 £ 4°C with relative humidity at
78+ 4%.

Mortality was recorded every hour during the first six hours of exposure and
every six hours thereafter for a total period of 96 hours. The dead larvae were removed
for morphological studies.

The percentage mortality was calculated by using the LCs, values of the crude
extract solution as determined at 24, 48, 72 and 96 hours. Analysis of data was performed
using probit analysis (Table 4).
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RESULTS AND DISCUSSION

Total mortality of Aedes aegypti occurred upon exposure to a 160 mg/l solution
after 1 hour. Larvae of other species were found to be more sensitive. The solution of
this concentration was therefore used as the highest concentration. Results are summarized
in Tables 1, 2, and 3. Total mortality after 1 hour of exposure occurred at 80 ppm in
An. minimus and at 120 ppm in C. quinguefasciatus. At lower concentrations living
larvae developed into third (after 24 hours) and fourth instar larvae. At these stages the new
larval cuticle was not fully developed and molting was unsuccessful. Incomplete pupae
(pupal-adult intermediate forms) and malformed adults occurred, whereas the control
larvae developed normally to adults. During the 96-hour period not more than 4% of
the control larvae were found dead which was considered to be normal; the surviving
larvae pupated and hatched into normal adults. Larvae in the treatment group surviving
after 96-hour exposure were all deformed. Even at 2.5 mg/l concentration, adults could
not emerge normally from the exuviae. However, they could feed themselves by sticking
to the feeding sites. All died after 10 days of inactivity while adults from the controls
were normal. Their progeny were collected and used for further experiments.

These results indicate that the crude extract from this plant has marked larvicidal
effects. Inspection of the dead larvae revealed incomplete formation of the cuticle and
internal tissues which rendered healthy development to later stages impossible. Certain
compounds in this extract must play a major role in damaging these tissues which are
essential for further development. Its high toxicity at low concentration (2.5 ppm) warrants
further investigation in the field. If this is also successful, the plant may serve as an
alternative to toxic chemicals used at present to eradicate mosquitoes. As far as the
environment is concerned, no adverse effects are anticipated, especially at the concentrations
employed. No toxicity on human beings have been reported when the plant is used as
an internal “medicine”. Laboratory experiments are now underway to determine its
chemical constituents, especially those responsible for its larvicidal property. Its biodegradability
will also be checked during field trials.
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TABLE 1. Effects on Aedes aegypti Linnaeus

Total percentage mortality at various developmental
stages (time in hours)

Extract Mortality
Concen- 1 6 12 24 48 72 96 (after 10
tration days)
(mg/l) L2 | L, L-P P-A I-A A
160 100 - - - - - - - 100
80 72 22 6 - - - - - - 100
40 27 30 22 15 6 - - - - 100
20 10 12 15 12 13 15 10 12 1 100
10 8 11 14 10 8 9 9 10 15 100
5 5 9 10 9 6 7 6 12 15 100
2.5 3 7 9 6 4 6 5 10 14 100
Control - - - 1 - 1 - - - 2

L, = second instar larvae; Ly = third instar larvae; L, = fourth instar larvae; L—P = late puparia and incomplete
puparia; P—A = pupal — adult intermediate form; I-A = incomplete adult; A : adult;

TABLE 2. Effect on Anopheles (cellia) minimus Theobald

Total percentage mortality at various developmental
stages (time in hours)

Extract Mortality

Concen- 1 6 12 24 48 72 96 (after 10
tration days)

(mg/l) L2 L L, L-P P-A I-A A

80 100 - - - - - - - - 100
40 68 29 3 - - - - - 100
20 31 21 29 17 2 - - - - 100
10 10 15 16 20 18 2 10 9 - 100
5 6 5 8 11 14 3 8 15 15 100
2.5 4 7 6 7 4 4 7 13 14 100
1.25 2 5 2 3 2 3 3 7 100
Control - - - - 1 1 1 1 - 4
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TABLE 3. Effects on Culex quinquefasciaturs Say

Total percentage mortality at various developmental
stages (time in hours)

Extract Mortality
Concen- 1 6 12 24 48 72 96 (after 10
tration : days)
(mg/1) L2 L Ly, L-P P-A I-A A
120 100 - - - - - - - - 100
80 76 14 10 - - - - - - 100
40 35 22 24 18 11 - - - - 100
20 17 20 15 14 10 12 10 2 - 100
10 9 10 13 13 12 10 8 7 13 100
5 5 8 10 11 10 8 7 8 11 100
2.5 2 5 8 10 7 5 6 6 9 100
Control - - - - - 1 2 - - 3
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TABLE 4. Summary of potencies of Derris elliptica Bentham crude extract when tested
against second instar larvae of Aedes argypti Linnaeus, Culex quinquefasciatus
Say, Anopheles (cellia) minimus Theobald.

LC5p Regression line Probability

Time d.f. X2 Variance Value equation heterogeneity
(hours) (mg/l) (Y=a+bx) accept
Aedes aegypti Linnaeus.
1 4 2723 003 3070 Y=2.2 +1.88X 6.81
24 3 26.34 0.02 591 Y=3.32+2.18X 8.78
48 2 0.01 0.04 479 Y=3.66+2.03X 0.01
72 2 0.60 0.04 433 Y=3.76+1.59X 0.30
96 1 0.67 0.14 551 Y=3.92+1.45X 0.67

Culex quinquefasciatus Say.

1 4 1343 0.03 4878 Y=178+191X 3.36
24 3 6.76 0.02  9.10 Y=3.57+149X 2.54
48 2 0.78 004 631 Y=398+127X 0.39
72 2 1.87 0.04 443 Y=3.97+1.58X 0.94
96 1 066 014 212 Y=425423 X 0.66

Anopheles (cellia) minimus Theobald.

1 4 1682 003 307 Y=22 +1.88X 4.21
24 3 2500 003 591 Y=332+2.18X 8.33
48 2 394 005 479 Y=3.61+2.03X 1.97
72 2 428 0.04 433 Y=376+1.95X 2.14
96 1 008 010 551 Y=392+1.45X 0.08
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