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Toxicity of 4,11-Selinnadien-3-one from Nutsedge (Cyperus rotundus L.)
Tuber Extracts to Diamondback Moth Larvae (Plutella xylostella L.),

Detoxification Mechanisms and Toxicity to Non Target Species
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ABSTRACT

Tubers of nutgrass (Cyperus rotundus L.) were collected from various locations of Thailand during

the summer and rainy seasons.  Toxicity against the diamondback moth (Plutella xylostella L.) was

observed using different concentrations of the active compound, 4,11-selinnadien-3-one. The toxic effects

were also determined on mice (Mus musculus), fish (Poecillia reticulata)  and bee larvae (Apis  florea).

It was found that the active principle of nut grass was higher in summer than that in rainy season by

ca. 2 folds. This active principle varied according to geographical vareas with Chanthaburi and Chaing Mai

producing the highest amounts of  4,11-selinnadien-3-one (0.13-0.16% ai. yield) compared with the other.

The LC50 against 2nd–3rd instar larvae of diamondback moth were 7-12 ppm. Detoxification enzyme

activities as well as synergistic effects revealed that monooxygenase, esterases and some degrees of

glutathione-S-transferase played a role in detoxification.  Furthermore, synergists, PB and TPP, could raise

the effectiveness of the active principle up to ca. 2-6 fold. At 2,000 ppm of 4,11-selinnadien-3-one, exposed

mice showed no sign of acute dermal, acute oral or eye irritation effects.  However, the active principle was

toxic to other non target organisms with LC50 of 28.01 ppm and 10.8 ppm to 1-month old guppies and bee

larvae, respectively.
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INTRODUCTION

Thailand faces several pesticide problems,

in terms of residues in food crops, insect resistance

to pesticides, toxicity to humans and non target

species as well as the high cost of pesticides used in

agricultural production (Valleyaluck, 1983).

Currently, Thailand has imported some

20,000 tons of pesticides was imported into the

country costing thousands of millions of Thai baht

(Katanyukul, 2002). Although pesticide application

method of controlling pests, this method is

experiencing numerous problems especially in the

developing world where knowledge of pesticide

toxicity has been ignored (Visetson, 2001).

Apart from toxic residues in food,

environmental pollution and the high cost of pest

control, pesticide resistance has also become

pronounced in terms of cross-resistance and has

been a major problem for vegetable producing

farmers.  The diamondback moth is one pest that

has shown a quick development of cross resistance



and is one of the most important pests in the Central

Plain of Thailand.

Botanical pesticides derived from neem,

lemon grass, galanga, and Siam weed have been

proven to be appropriate insecticide alternatives for

control of insect pests (Schmutterer, 1990; Singh et

al. 1989; Visetson and Milne, 2001).  At least 5

commercial products from these plants have been

introduced into the Thai pesticide market (Visetson,

2001), including products recommended for use

against diamondback moth.

Ohsawa et al. (1996) found that crude extracts

of nut grass (Cyperus rotundus L.) tubers gave 80%

mortality to diamondback moth larvae in 1 hour

post treatment. They indicated that the active

compound, 4, 11-selinnadien-3-one, was

responsible for killing the larvae.  Nut grass also

called purple nutsedge, belongs to the Family

Cyperaceae.  This grass is beneficial as a herb for

curing stomach complain (Kiritikar and Basu, 1991).

Although Thai farmers regard it as a major weed, it

is used as an ingredient in herbal medicine to

maintain body function (Anonymous, 1986).

In this research we report the efficacy of the

active compound, 4,11-selinnadien-3-one, extracted

from the tubers of nut grass for controlling

diamondback moth larvae as well as identify its

detoxification mechanisms in terms of enzyme

reactions, namely esterase, glutathione-S-

transferase and monooxygenase activity.  Toxicity

tests were also conducted for non target organisms,

namely the mouse (Mus musculus), guppy (Poecillia

reticulata) and bee larvae (Apis  florea).

MATERIALS AND METHODS

Insect larvae and plant samples
Diamondback moth larvae were collected

from a vegetable producing area in Kanchanaburi

province, 150 kms west of Bangkok. The larvae

were cultured for two generations under laboratory

conditions at 23 ± 2°C following the method of

Leckprayun et al. (1999).  Nut grass tubers were

collected from 5 different locations, Chaing Mai,

Ubon Ratchathani, Kanchanaburi, Chanthaburi,

Songkhla, in Thailand during the rainy and summer

seasons.

Plant extraction and efficacy tests
Five kilogrammes of each sample from each

location and each season were ground and dried at

room temperature. Ethanolic Soxhlet extraction at

70°C was administered for 48 hours. The crude

extracts were then evaporated and freeze dried.  The

yield of extract was measured.  The extracts were

carried out by the modified method of Ohsawa et al.

(1996) with a counter-current distribution method

using n-hexane and methanol.  The product was

separated by silica gel column chromatography

using acetone and n-hexane as solvents. The first

fraction was used to quantify the amount of 4,11-

selinnadien-3-one.  Highly purified (99.9%) 4,11-

selinnadien-3-one, purchased from Merck Ltd.

(Thailand), was used as a standard.  The second

fraction was employed for preparative TLC using

acetone and n-hexane at the ratio of 1:9.  The final

extracted product was kept at -20°C until required

for the following experiments.

The extracts were diluted with acetone and

tested against 3rd–4 th instar larvae of the

diamondback moth.  Three replicates, comprising

20 larvae each, were used.  A 5% leaf surfactant,

triton X-100, was mixed with each concentration

prior to use.  A no-chioce leaf dipping method was

used for the experiments.  One leaf circle disk of

Chinese kale with diameter of 5 cm was placed for

each group of larvae.  Mortality was checked after

24 hours exposure.  A Completely Randomized

Design with 3 replicates was used.  All experiments

were run at 23 ± 2 °C. Abbott’s formula (Matsumura,

1976) was employed to correct control mortality.

LC50’s were calculated from regression equations.

Detoxification mechanisms and synergist assays
The life larvae from treatments were used in

in vitro assays to optimize enzyme activity of
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esterase, glutathione-S-transferase and

monooxygenase following the methods of Visetson

and Milne (2001) and modified from Rose (1985)

using paranitrophenyl acetate (PNPA),

chlorodinitrobenzene (CDNB) and aldrin to

determine enzyme activity.  The synergists,

piperonyle butoxide (PB), triphenyl phosphate

(TPP) and diethyl maleate (DEM), were used at 1%

to detect the inhibition mechanisms of activity of

the enzymes, monooxygenase, esterase and

glutathione-S-transferase, respectively.

Toxicity tests on mice, fish and bee
The 2,000 ppm extract was used to test for

acute dermal, oral and eye irritation toxicity on 2

month-old mice (Mus musculus) following the

method of Ecobichon (1992). Hair on the back of

the mice was shaved prior to one treatment of the

extract containing 2,000 ppm 4, 11-selinnadien-3-

one to be applied.  Addition of the extract in the food

pellets prior to feed the mice were assayed for acute

oral test. The extract was applied topically in the

mouse eyes for irritation test.  The toxicity was

determined by the abnormality of the dermal tissues

after 14 days exposures. LC50’s were determined

for 1 month old guppies (Poecillia reticulata) and

bee larvae (Apis  florea).

DMRT was employed for all mean

comparisons using a significance level of probability

> 95% following the method of Finney (1964).

RESULTS AND DISCUSSION

Extraction and 4,11-selinnadien-3-one
The ethanolic Soxhlet extraction of nut grass

tuber showed 15-25% more yields in summer than

in the rainy season (Table 1). In summer, samples

collected from Chaing Mai and Chanthaburi gave

the highest contents of 4, 11-selinnadien-3-one

(0.13-0.16%w/w) on a dried weight basis.  Nut

grass tuber extracts from these areas showed 15%

less active compound in the rainy season than in the

summer.  Possible reasons for this included

hydrolysis of the active compounds, increased

metabolism during the season or the effect of higher

moisture content in the tuber prior to extraction.

These results were similar to the fluctuations of

azadirachtin content of neem seed kernels found in

Table 1 Percentages of 4, 11-selinnadien-3-one in nut grass extracts from samples collected during two

seasons from different parts of Thailand.

Province % (w/w) 1,2,3,4

Summer Rainy

Chaing Mai 0.13 ± 0.07b 0.09 ± 0.02a

Ubon Ratchathani 0.09 ± 0.02b 0.06 ± 0.02b

Kanchanaburi 0.04 ± 0.04a 0.03 ± 0.02a

Chanthaburi 0.16 ± 0.03b 0.09 ± 0.06a

Songkhla 0.03 ± 0.05a 0.03 ± 0.01a

Average 0.09 ± 0.04 0.06 ± 0.03

1 means followed by different letters within the same column are significantly different at P < 0.05
2 means ± SD, 5 replicates for each area and season. Larvae from F2-generation were used for all experiments at the same period

of time.
3 all extracts made using ethanolic Soxhlet extraction at 70-80°C, 48 hours
4 The method of 4, 11-selinnadien-3-one identification was per Ohsawa et al. 1996 and the high purity standard of the active

ingredient was purchased from Merck (Thailand).
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Figure 1 GC-mass spectroscopy chromatogram (methods as described in the text) showing the different

compounds that constituted the extracts.
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various seasons and places in a tropical climate

(Schmutterer, 1990).

Chromatograms, from GC-mass

spectroscopy following the method of Ohsawa et

al. (1996), showed that 10 active principles had

accumulated in the tubers (Figure 1).  The figures

also revealed that 4, 11-selinnadien-3-one

concentration was higher in our extracts than those

of Ohsawa et al. (1996).  This may indicate location

influences, e.g. trace elements which play a role in

the accumulation of secondary plant substances in

major plants.  These results also showed the same

trend as rotenone extracted from derris root collected

from different locations (Visetson and Milne, 2001).

Efficacy against diamondback moth larvae
The no-choice leaf dipping tests showed

significant variation in efficiency against the 3rd-

4th instar diamondback moth larvae within the same

season (Table 2).  On the other hand, differences

were pronounced when comparisons were made

between two seasons.  The extracts showed 1.5-2.0

folds lower LC50’s in the summer than in the rainy

season ca. 1.5-2.0 folds.  Chantaburi and

Ubonratchatani gave the lowest LC50 of 7.05 ± 0.03

and 9.06 ± 2.02 ppm in summer but in the rainy

season the LC50 increased ca. 2 folds.  These figures

indicated that there were either some substances

other than 4,11-selinnadien-3-one in the extracted

samples in summer and these substances might

have elevated the mortality or some other substances

accumulated in tubers in the rainy season might

have reduced the mortality.  Future experiments

should look at other compounds extracted from the

tubers that influence the larvae mortality.  However,

the aims of this experiment were to look at efficacy

and detoxification mechanisms in this insect as well

as to find the way to use extracts in the field.  It is

recommended to collect tubers in the summer rather

than in the rainy season.

Mechanisms of enzyme activity and synergistic
effects

The three synergists, PB, TPP and DEM,

increased the efficacy of 4,11-selinnadien-3-one

ca. 2-3 folds in samples collected in the summer and

increased the efficacy ca. 2-6 folds in samples from

the rainy season (Table 3).

Table 2 LC50 values for 4,11-selinnadien-3-one in nut grass extracts against 2nd -3rd instar larvae of the

diamondback moth (Plutella xylostella L.) with a no-choice leaf dipping method for tubers

collected during two seasons from different parts of Thailand.

Provinces ppm 1,2

Summer3 Rainy4

Chaing Mai 10.05 ±2.03a 17.11 ±2.11a

Ubon Ratchathani 9.06 ±2.02a 19.16±2.12b

Kanchanaburi 12.05± 1.01b 18.12 ±4.07a

Chanthaburi 7.05 ±0.03a 12.11 ±1.03a

Songkla 15.09±1.02b 25.18 ±1.04b

1 means followed by different letters within the same column are significantly different at P < 0.05
2 means ± SD, 5 replicates for each area and season. Larvae from F2 -generation were used for all experiments at the same period

of time.
3 all extracts made using ethanolic Soxhlet extraction at 70-80°C, 48hrs. following the method of  Ohsawa et al. (1996).
4 no-choice leaf disks tests with 20 individuals of 2nd -3rd instar larvae were employed,  24 hours , LD50 from regression equation

of discriminating doses from 10-90% mortality.
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Moreover, correlations (r2 > 0.8) were found

between efficacy and enzyme activity, thus

indicating that monooxygenase and some general

esterases play a role in detoxification of this

compound.  Synergistic ratios (SR) and correction

factors (CF) for the synergists, PB and TPP, showed

that addition of these synergists resulted in a high

inhibition of monooxygenase and esterase,

respectively, in diamondback moth larvae.  These

results confirmed those of numbers of work in the

area of detoxification mechanisms (Rose, 1985;

Mackness et al., 1983; Yu and Hsu, 1985 and

Visetson and Milne, 2001).  The results showed that

esterase, glutathione-S-transferase and

monooxygenase would be inhibited 2-folds after

addition of PB, TPP and DEM.  These mechanisms

were different from those involved with the

detoxification of rotenone extracted from derris

and of azadiractin from neem which revealed that

monooxygenase was the only enzyme system that

played a major role (Visetson and Milne, 2001).  On

the other hand, esterase had a major role in the

detoxification of galanga and Siam weed extracts

(Visetson et al. 2001).  In another case, cholinesterase

played a role in detoxifying citronella extracted

from lemon grass in the dog tick (Visetson and

Chuchouy, 1999). It can be concluded that because

more than two mechanisms are involved in the

detoxification of the 4,11-selinnadien-3-one in this

insect larvae, nutgrass tuber extract should be a

better insecticide alternative to control this insect

pest.   Any pesticide in which more than one

Table 3 LD50 and enzyme activity after addition of 1% synergist extracts containing 4,11-selinnadien-3-

one extracted from nut grass tubers collected during two seasons from Chanthaburi with

synergistic ratio (SR), correction factors {CF} and correlation determinations [r2] also presented.

Synergist added LD50 and Detoxification enzyme activity 1,2,3,4

Summer Enzyme activity5 Rainy Enzyme activity

(SR)[r2] {CF} (SR)[r2] {CF}

None 7.05 ±0.03b Est 12.14 ±2.23 12.11 ±1.03c Est 16.23 ±5.83

GSH 32.13 ±2.46 GSH 42.45 ±6.48

Mo 4,320 ±126 Mo 5,550 ±422

PB 2.41 ±1.2a Mo 2,111 ± 233 2.32±2.05a Mo 3,232 ±333

(2.92) [0.8] {2.04} (5.22)[0.9] {1.71}

TPP 2.11 ±1.13a Est 8.14 ±2.11 2.14±3.02a Est 9.12 ±3.13

(3.34)[0.7] {1.49} (5.66) [0.8] {1.78}

DEM 5.13±1.23b GSH 21.22 ±2.76 5.12±1.10b GSH 29.15 ±2.24

(1.37)[0.6] {1.51} (2.37)[0.6] {1.46}

1 means followed by different letters within the same column are significantly different at P = 0.05
2 means ± SD, 5 replicates for each area and seasons. Larvae from F2 -generation were used for all experiments at the same period

of time.
3 all figures for extracts made using ethanolic Soxhlet extraction at 70-80°C, 48 hrs. following the method of Ohsawa et al. (1996)
4 no-choice leaf dipping tests with 20 individuals of 3rd –4th instar larvae were employed. 24 hr checked.
5 Est, GSH and Mo stand for esterase, glutathione-S-transferase and monooxygenase with units of nM paranitrophenol produced/

min/mg protein, nM DCNB conjugated product/min/mg protein and picM aldrin epoxidation/min/mg protein, respectively. CF

was a correction factor derived from the  division of enzyme activity with no synergist by synergistic enzyme activity.  The
synergistic ratio, SR, was  derived from division of the LD50 with no synergist  by the synergistic LD50.  r2 was a correlation

determination between LD50 and enzyme activity. “None”  means  no synergist was added to the active compound.
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mechanism is involved in its detoxification results

in a longer time taken for the pest to produce

resistant genes (Yang et al., 2001; Yu, 1983; Yu,

1984).

Toxicity to non target species
The concentration of 2,000 ppm of 4,11-

selinnadien-3-one in the extract from nut grass

tubers gave no signs of growth effects (Figure 3).  In

addition, no acute dermal, acute oral as well as eye

irritation were observed after 14 days of exposure.

These results indicated no toxic effects based on the

criteria of Ecobichon (1992).

One-month old guppies (Poecillia reticulata)

were cultured in aquaria containing 10, 20, 30, 40

and 50 ppm of active ingredient.  The mortality after

24 hours exposure showed 13.12 ±1.16, 38.28±2.12,

58.11±1.45, 88.35±2.34 and 96.12±1.23%,

respectively, and gave an LC50 of 28.01 ppm  (Y =

-6.02 + 2X) (Table 5).

Nut grass tuber extracts at 1, 3, 5, 10 and 20

ppm of 4,11-selinnadien-3-one were applied to 1

week-old bee larvae (Apis florea)  using a topical

mist method and showed 8.12 ±3.36, 10.23±3.56,

34.39±2.51, 67.12±10.44 and 89.32±12.14%

mortality, respectively, after 24 hours exposure

indicating a LC50 of 10.8 ppm (Y = - 6.8 + 4X)

(Table 6).  Because this LC50was more or less

similar to the LC50 for diamondback moth larvae,

then care must be taken with using nut grass extracts

in areas of large bee populations. However, toxic

levels on adult bee should be done in the future to

evaluate the safety level in the bee population.

CONCLUSION

Nut grass tubers in summer showed higher

contents of 4,11-selinnadien-3-one compared to

tubers collected in the rainy season. Chiengmai and

Chantaburi tuber extracts had the highest 4,11-

selinnadien-3-one contents.  The LC50 against 3rd-

4th instar larvae of diamondback moth was 7 – 12

ppm.  The addition of PB, TPP and DEM to the

extracts increased their efficacy.  The reduced

amounts of esterase, monooxygenase and

glutathione-S-transferase after synergists were

added indicated that more than one mechanism

were involved in the detoxification of this

compound.  These results show that the insect may

Figure 2 Growth rates of mice after feeding on nut grass tuber extract at 2,000 ppm 4,11-selinnadien-3-

one.

Table 5 Effects of 4,11-selinnadien-3-one

extracted from nutgrass tubers on juvenile

guppies (Poecillia reticulata).

Concentration % mortality

(ppm)1,2

10  13.12 ±1.16

20  38.28±2.12

30 58.11±1.45

40 88.35±2.34

50 96.12±1.23

(LC50 = 28.01ppm,  Y =  -6.03 + 2X)

1 means ±  SD, n = 20, 0ne-month old juvenile fish.
2 the active compound dissolved in acetone and then poured

into water to make each concentration. Jars containing only
acetone in water served as untreated controls, 24 hr check
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take more time to produce resistance to this substance

compared with other plant products. Although the

substance did not show acute dermal, acute oral and

eye irritation to the mouse, the LC50 values for

diamondback moth larvae and bee larvae were

similar. Therefore care must be taken in the use of

this compound where bees are important to an area.

This compound expressed a LC50 ca. 28.01 ppm for

the guppy so the use of this extract near water was

quite safe for fish.   However, purification of both

the enzyme systems and the active compound are

crucial for the future in order to determine the exact

synergistic relationships.  This will lead to

improvement of alternative plant substances for

production on a commercial scale in the future.
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