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Abstract

Pesticides are used to control pests of agriculture products in many countries including Thailand. Since they can exert
harmful effects not only on target pests but also on other useful organisms, alternative agents are investigated. We studied
the capacity of the Thai golden shower (Leguminosae mimosoideae) extracts (root and pod) to inhibit acetyl cholinestarese
(AChE) in the golden apple snail (Pomacea canaliculata) as a pest representative. The results showed that the percentage
of AChE inhibition increased with increasing in exposure times. The inhibition expressed the same trend in both male and
female apple snails. AChE inhibition was higher in extracts from root than from pod. Chromatography-Mass Spectrometer
(GC-MS) chromatograms demonstrated anthraquinone, an AChE inhibitor, in extracts of golden shower. Our data indicate
that a potential AChE inhibitor tends to accumulate more in the root part than in the pod.
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1. Introduction

Endosulfan, which is a GABA-gated chloride
channel antagonist, and a Ca’’, Mg’" ATPase inhibi-
tor, is frequently used in Thai paddy fields. It has a
range of harmful effects, not only on target pests, but
also on other useful organisms (Cooper and Bidwell,
2006; Reinecke and Reinecke, 2007; Falfushinska
etal.,2013; Kristoff et al., 2010; Schweikert and Burritt,
2012). Endosulfan attacks the central nervous system,
causing overstimulation (Karatas et al., 2006). More-
over, it passes through the food chain and then eventu-
ally reaches human being which is the top consumer.
Therefore, alternative substances with pest controlling
capabilities have been searched for which are less less
toxicity than endosulfan.

In some parts of Thailand, the farmers use a local
herb; the golden shower (Leguminosae Mimosoideae),
for controlling and eliminating pests in their paddy
fields. It is extracted, dissolved in water and then
sprayed in paddy field. It is effective in pest control,
especially on the golden apple snail (Pomacea canalicu-
lata). Some plants in the family of Leguminosae, such
as Glycyrrhiza glabra L. and Mimosa pudica L., have
been used in traditional medicine (Rastogi et al., 2011),
as free radical-scavengers, as H', K'-ATPase inhibitors
(Megala and Geetha, 2010), and for biosorption (Hanif

et al., 2007). Moreover, they also inhibit AChE activ-
ity (Vinutha et al., 2007). However, the specific AChE
inhibiting substance in Thai golden shower has not
previously been identified and scientifically studied.

The aim of this study was to provide the scien-
tific evidence of AChE inhibitory capability of golden
shower (L. Mimosoideae) extracts on golden apple
snail (P. canaliculata) and to identify a potential AChE
inhibitor in the extracts.

2. Materials and Methods
2.1. Plant materials collection and preparation

Plant material used in this study was golden shower
(L. Mimosoideae) collected from the demonstrating
fields of Rajamangala University of Technology, Isan
Sakon Nakhon Campus, Thailand, in December 2011-
February 2012. After collection, the plant material was
washed to remove all the external contaminants and
unwanted materials. Next, mature pod and root were
separated, shade dried for 72 h, and then crushed into a
coarse powder. Subsequently, 100 g of dried powder of
each part (pod and root) was separately extracted with
250 ml of 95% ethyl alcohol by using Soxhlet extrac-
tion (Ingkaninan et al., 2003). The extracted solutions
were kept at room temperature until further use.
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2.2. AChE inhibition testing

Golden apple snails (P. canaliculata) were collected
from the demonstration field of Rajamangala University
of Technology, Isan Sakon Nakhon Campus, in January-
February 2012. They were acclimatized in plastic boxes
(14x40x48 cm) (each box contained 5 snails) with 20
L of aerated clean freshwater for 3 days. Subsequently,
5 snails were placed in each treatment box (separating
male from female snails), containing rice stalks and
paddy clay soil, thus simulating real paddy fields. Four
groups of snails were studied: by adding: (1) extracts
of mature pod (50% v/v of mature pod extract/ethanol),
(2) extracts of root (50% v/v of root extract/ethanol),
(3) 1 mg/L of endosulfan (98% technical grade from
Micro Flo Co., Sparks ,GA, USA), and (4) 95% ethyl
alcohol (50% v/v of ethyl alcohol/distilled water) as a
control group. The exposure times were: 0, 10, or 20
min, and 1, 6, 12, 24, 48, 72, or 96 h.

Recovery of AChE activity was studied in snails
from each of the 4 treatments (after 96 h of exposure)
following transfer to clean water. The time periods for
recovery were 5, 30 min., and 3, 12, 48, 96 h., and 15
and 20 d. AChE activity was measured by the method
described by Ellman et al. (1961). There were 5 snails
in each experimental group. One way analysis of vari-
ance (ANOVA) was used to test the differences between
ACHE activities from each treatment.

2.3. Instrumental analysis

The potential AChE inhibitor in crude plant extracts
(mature pod and root) was identified by using Gas
Chromatography-Mass Spectrometer (GC-MS) (Agi-
lent Technologies 5973 Inert, Thailand) with an Agilent
DB-5ms Capillary GC Column (Agilent Technologies
122-5532). Standard of anthraquinone (9,10-Anthraqui-
none) was purchased from Sigma-Aldrich (analytical
grade). For GC-MS measuring condition, the initial
temperature in the oven was increased to 90°C and
maintained for 1.0 min, then sequentially increased at
10°C per minute to reach 200°C maintaining for 5.0
min, 3°C per minute to reach 230°C maintaining for
5.0 min, 10°C per minute to reach 280°C maintaining
for 8.5 min, and 30°C per minute to reach 290°C, after
which it was maintained for 1.0 min.

3. Results
3.1. AChE inhibition testing
After AChE inhibitory capability of golden shower

extracts was tested, the results showed that there was no
significant different in effect (p>0.05) between male and
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Figure 1. AChE inhibition percentage (means + S.D; n=>5)
in male and female of golden apple snail

female snails (Fig. 1). The results demonstrated that the
strongest AChE inhibitor was endosulfan accompanied
by root and pod extracts, respectively. Percentage of
ACHhE inhibition (male/female) after 96 h of exposure
with endosulfan, root, and pod extracts were 65.0+£1.89
/ 63.5£0.31, 64.842.15 / 56.9£7.70, and 58.4+1.02 /
55.6+0.39, respectively.

Considering the effect of exposure time, we found
that AChE inhibition increased with increasing exposure
times (Fig. 2). The highest inhibition was observed in
the snails exposed to endosulfan. The inhibition in-
creased sharply during the first 10 min and remained
quite stable until 96 h after exposure. Percentage of
ACHhE inhibition after 20 d of exposure to endosulfan,
root, and pod extracts were 94.41+2.60, 96.52+2.58,
and 89.14+2.90, respectively.

For AChE recovery, AChE activity in golden apple
snails remained quite low until 48 h after transfer to
the new box filled with clean freshwater. During the
following recovery period up to 20 days, the activity
increased from 5.33+1.62 to 19.5+7.07 nmoles ACTC/
min/mg protein which was higher than that in the groups
exposed to endosulfan and roots extracts. AChE activi-
ties in endosulfan and root extacts treatment increased
from 2.714£2.53 to 8.54+8,28 nmoles ACTC/min/mg
protein and 1.73+0.50 to 7.15+3.33 nmoles ACTC/min/
mg protein, respectively (Fig. 3).
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Figure 2. AChE inhibition percentages (means + S.D; n=>5)
in golden apple snail after exposure
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Figure 3. AChE activities (means + S.D; n=5) in golden apple snail in recovery period

3.2. Screening a potential AChE inhibitor identification

After crude extract solution expressed AChE in-
hibitory capability, it was tested by using GC-MS for
identifying the potential AChE inhibitor. The results
showed that there was anthraquinone in the crude
extracts. Anthraquinone which is an oxygenated poly-
cyclic aromatic hydrocarbon has been identified as
weak AChE inhibitor (Kang and Fang, 1997), thus it
might be a substance causing AChE inhibition in the
ethanolic golden shower extracts.

4. Discussions

We found no difference between male and female
golden apple snails with regard to AChE inhibition.
This is in agreement with the results of Kopecka et al.
(2004) who showed that AChE activity inhibition in fish
was not affected by the difference of sex. Moreover, Yi
et al. (20006) also found that AChE levels in the brain
of goldfish (Carassius auratus) exposed to carbamate
were not different between male and female.

The results indicated that AChE inhibition per-
cantage increased with an increasing exposure time
in all treatmentst. The highest inhibition was found in
snails exposed to endosulfan. Comparing both plant
extracts, AChE inhibition in root extracts was higher
than that in the pod extracts. This finding confirms
the result of Ingkaninan et al. (2003) who measured
AChE inhibitory activity using Ellman’s colorimetric
method in 96-welled microplates. They studied the
AChE inhibitory potencies of extract solutions from
plants in the family of Leguminosae; Cassia fistula
L. (root) and Mimosa pudica L. (whole plant) and
exerted higher AChE inhibitory capability in root
extracts (54.13+3.90%) compared to the whole plant
(21.40+6.68%). This finding indicates that the plant
constituent having AChE inhibitory capacity may tend
to accumulate in the root. This finding is in agreement
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with the study of Rajasree et al. (2012) who found that
methanolic extracts of Cassia fistula roots caused 60 -
65 % AChE inhibition.

For AChE recovery, the results showed that AChE
activity in the snail exposed to pod extracts recover
faster than that in root extracts and endosulfan exposure.
This result might be caused by the lower level of AChE
inhibitor in pod as compared to root.

By GC-MS Kang and Fang (1997) demonstrated
that the crude extracted solution of golden shower was
anthraquinone which is classified as AChE inhibitor.
This is in agreement with the study of Duraipandiyan
et al. (2011) who found anthraquinone in C. fistula
samples. Anthraquinone was found in both root and pod;
however, the results of AChE inhibition and recovery
indicate that anthraquinone may accumulate more in
roots resulting in the higher AChE inhibition in the snail
exposed to root extracts as compared to pod extracts.

5. Conclusion

We found that AChE inhibition in golden apple
snail exposed to ethanolic extracts of golden shower
increased with an exposure time. In root extracts the
inhibition was higher than that in the pod. This may
indicate that AChE inhibitor tends to accumulate to a
higher degree in the root part. Preliminary screening
using GC-MS, the chromatogram showed that ethano-
lic extracts of golden shower contain  anthraquinone
which is classified as AChE inhibitor
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