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Synergism and Detoxification Mechanism of Crude Sugar Apple
Seed Extract in Tetranychustruncatus Ehara
(Prostigmata: Tetranychidae)

Suthida Sakunwarinl, Angsumarn Chandrapatyal and Suraphon Visetson?

ABSTRACT

Synergism of maleic acid (MA), piperonyl butoxide (PBO) and triphenyl phosphate (TPP)
combined with sugar apple seed extract on the mortality of T. truncatus adult femaleswas performed by
the spray method. Crude sugar apple hexane extract+0.5% MA induced the highest toxicity to T.
truncatus (L C5p=2.27%), followed by crude hexane extract (L C55=3.52%), crude hexane extract+0.2%
PBO (LCs5p=3.79%) and crude hexane extract+0.2% TPP (L C5q=4.13%). Tetranychustruncatus mites
exhibited similar esterase activity levels (0.09-0.13 n mole/min/mg protein) in all treatments including
the control (untreated mites). Mitesin the control exhibited relatively higher GST activity (0.32 n mole/
min/mg protein) compared to all other treatments (0.14-0.27 n mole/min/mg protein). Both synergism
effect and detoxification mechanism suggested that glutathione S-transferase might play an important

role in sugar apple seed extract degradation.
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INTRODUCTION

Insecticidal properties of plant extract, to
solve the problem of insecticide resistance of
agricultural pests, receive increasing attention in
Thailand. Crude seed extract of sugar apple
(Annonasguamosal .) hasinsecticidal properties,
antimalarial, cytotoxic and immunosuppressive
activities (Chungsamarnyart et al., 1992; Hopp et
al., 1997; Moritaet al., 2000). Crude seed extract
of this plant contains many chemical compounds
that are able to exhibit high toxicity, repellency
against several insect pestsand alsoinfluencetheir
oviposition (Leatemia and Isman, 2001). In the
past, some chemicals were used to combine with
insecticidesincluding crude plant extractsin order

toincreasetheir effectiveness(Visetsonand Milne,
2001). These chemicals are known as synergist
forming active intermediates that generate
relatively stable complexes with enzymes and
making the enzyme inactive. Thus, synergists
play an important role in insecticide degradation
(Wilkinson, 1983). Tetranychus truncatus is a
serious pest of many plantsin Thailand and feeds
on 62 host plantsin Asian countries(Bollandetal .,
1998). Short life cycle and high reproductiverate
of mites enable them to devel op resistance faster
thanmostinsects(Guoetal., 1998). Unfortunately,
information concerning the resistant mechanisms
of mitein Thailand is still limited. Study on the
synergism and the interaction with detoxification
mechanisms in T. truncatus would provide
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information on detoxification enzymesand benefit
Thai farmersin terms of increasing environment
safety and reducing the insecticidal resistance
problems of insect and mite.

MATERIALSAND METHODS

Effects of synergist

Three synergists, 0.5% maleic acid (MA),
0.2% piperony! butoxide(PBO) and 0.2%triphenyl
phosphate (TPP) which were nontoxic to mites
were selected for thisexperiment. Thetoxicity of
each synergist was tested by the spray method
using atopical spray tower operated at 15 lb/in2.
Tetranychus truncatus females from laboratory
colony, Department of Entomology, Kasetsart
University, Thailand were used throughout the
experiments.

Different concentrations of selected crude
plant extract plusthe proper concentration of each
synergist and 0.5% Tween 80 were then sprayed
seperately onto 3day-old T. truncatusadult females
(50 mites/leaflet; 3 replications/treatment).
Distilled water plus 0.5% tween 80 served as
control in this experiment. Treated mites were
kept in an incubator set at 28°C for 3 days.
Observationswere made daily for the numbers of
dead mite on leaflets and those falen into the
water. Datain all experiments were analyzed by
analysis of variance using SAS program, and L.sd
was employed to compare the treatment means.

Determination of detoxification enzyme

Optimization of the numbers of spider
mite

Spider mites were minute, therefore the
optimum number of miteneeded in order to detect
theenzymeactivity wasstudied. A total of 30, 50,
100, 300, 500 and 1000 adult female mites of a
known age (3 day-old) were used. Mites from
each group wereplaced ina 1.5 ml microtube and
homogenized in 1ml of standard homogenizing
medium (0.1 M potassium phosphate buffer, pH

7.5 and 1 mM ethylene diamine tetraacetic acid
(EDTA)) using a motor-driven grinder (Sigma,
Z359947) or mortar and pestle, containing 0.01 g
polyvinyl polypyrrolidone (PVPP). Finally, each
sample was centrifuged (Refrigerate high speed
centrifuge, Hettich Zentrifugen Universal 16R) at
18,0009, 4°Cfor 10minandthesupernate(enzyme
solution) was used to detect esterase activity.

Thesamplecuvettewasprepared by adding
50ul of enzymesol utionand 50 I paranitrophenyl
acetate (PNPA) into the glass cuvette containing
2.9 ml of 0.1M potassium phosphate buffer pH
7.5. Thereference standard cuvette was prepared
by placing 2.9 ml of 0.1M potassium phosphate,
pH 7.5 into a separate glass cuvette. Afterwards,
50 ul of potassium phosphate, 1 mM EDTA,
0.01M glutathione (GSH) pH 7.5 solution and 50
ul of PNPA were added into each cuvette. The
solutionineach cuvettewasmixed thoroughly and
the esterase activity was detected by reading the
absorbance in a spectrophotometer (Spectronic
Genesys 5) at 400 nm for 3 min.

Optimization of the pH buffer in

homogenizing medium

The optimum numbers of spider mitefrom
the previous study was used in this experiment.
ThepH of homogenizing medium (0.1M potassium
phosphatebuffer) wasadjustedto6.0,6.5, 7.0, 7.5,
8.0,9.0and 12.0. Adult female miteswere placed
in each of 1.5 ml microtubes containing 0.01 g
PV PPand 1 ml homogenizing mediumat different
pH levels before grinding. In this study, the fix
concentration of 0.01g PVPP was used in all
treatments. After spinning in the centrifuge at
18,000 g, 4°C for 10 min, the supernate of each
tube was tested by reading the absorbance in the
spectrophotometer at 400 nmfor 3minfor esterase
activity.

Detection of esterase activity

Inorder to study thedetoxificationenzymes
of T. truncatus, the optimum numbers of mitethat
survived from thetopical spray method from each
toxicity bioassay at 3 different concentrations (1,
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3 and 5%) were used. The same number of adult
femalemiterandomly pickedfromthestock colony
was used as areference. Each set of mite sample
was placed separately into 1.5 ml microtubes and
kept onice. Supernateswere prepared from each
sample as described previously. The
paranitrophenol product was detected by the
spectrophotometer at 400 nm for 3 min. Finaly,
the esterase activity was calculated from
paranitrophenyl producefollowingthe PNPA assay
of Mackness et al. (1983).

Detection of Glutathione S-transferase
activity

Todetect glutathione S-transferaseactivity,
the same sample of supernate previously used to
detect esterase activity was again utilized. The
sample cuvettewas prepared by adding 1.15 ml of
0.1 M potassium phosphate buffer pH 7.5into the
sample cuvette. Subsequently, 130 pl of 0.01 M
GSH in 0.1 M potassium phosphate buffer pH 7.5,
20 ul of enzyme solution and 10 pl of 0.15M 1-
chlorodinitro-2, 4-benzene (CDNB) were added.
The reference standard cuvette was prepared by
placing 1.15 ml of 0.1 M potassium phosphate
buffer pH 7.5 into the glass cuvette. Later, 20 ul
of 1mM EDTA, 0.01 M GSH in buffer and 10 pul
of 0.15M CDNB wereadded. Thesolutionineach
cuvettewasmixedtogether quickly andthoroughly
before the activity of glutathione S-transferase
was recorded by spectrophotometer operated at

340 nm for 3 min. Glutathione S-transferase
activity wascal culated using extinction coefficients
of CDNB conjugation productsfollowedtheCDNB
assay of Booth et al. (1961).

RESULTSAND DISCUSSION

Effects of synergist

Preliminary studies of the optimal
concentration of three synergists were performed
in order to get the highest concentration of each
synergist which was non-toxic to the mites. They
were 0.5% maleic acid (MA), 0.2% piperonyl
butoxide (PBO) and 0.2% triphenyl phosphate
(TPP). Toxicity of these synergists on the
mortalities of T. truncatus adult female was
performed by the spray method. The LCgq values
of the crude sugar apple hexane extract combined
withsynergistsareshowninTablel. Combination
of crudesugar applehexaneextractand M A showed
the LCxq value of 2.27% which was the lowest
comparedto 3.79% and 4.13% of thecrudehexane
extractscombinedwith PBOand TPP, respectively.
This result clearly indicated that the toxicity of
sugar apple hexane extract against T. truncatus
increased when 0.5% M A wasadded. Theslopeof
the regression line was aso the highest in the
combination of crude sugar apple hexane
extract+0.5%MA.

Correctionfactor (CF) wasusedto compare

Table1l Responsesof Tetranychus truncatusto sugar apple seed crude hexane extract combined with

synergists.
Treatments LCs CFV 95% confidence  SlopetSE  Chi-square(df)?
(%) (%) intervals (%)
Crude hexane 3.52 1.00 3.05-4.01 0.37+£0.04 2.52*(3)
Hex+0.5% MA 2.27 0.64 1.97-2.62 0.53+0.05 2.73*(4)
Hex+0.29% TPP 4.13 1.17 3.65-4.66 0.35+0.04 4.83*(3)
Hex+0.2% PBO 3.79 1.07 3.31-4.29 0.36:0.04 4.98*(3)

Y CF = Correction Factor = L Csq of treatments/ L Csq of crude hexane extract

2 gignificance of Chi-square for goodness of fit.

P>0.10sincegoodnessof fit of Chi-squareissignificant, aheterogeneity factor isusedinthecal culation of confidenceintervals.
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the efficacy of crude plant extract with synergists.
Crudehexaneextract combinedwithMA exhibited
lower CF (0.64%) followed by PBOand TPP(1.07
and 1.17%) (Table1). Maleicacid (MA) isknown
to inhibit Glutathion S-transferase (GST) (Maa
and Liao, 2000). Thisresult clearly indicated that
crude hexane extract+0.5% MA was ableto block
the GST activity by 36%. Therefore, the sugar
appleseed extract could movedirectly tothetarget
site of T. truncatus resulting increasing mite's
mortality. Hence, glutathione S-transferase might
play an important role in this plant extract
degradation. In contrast, Visetson and Milne
(2001) showed that Plutella xylostella L. larvae
treated with cubé root extract+MA had correction
factor of 1.07-2.61%whichindicatedthat MA was
not important in rotenone detoxification.

Determination of detoxification enzyme

Optimization of the numbers of spider
mite

In order to optimize the numbers of miteto
beusedintheexperiments, 3-day oldfemalemites
were used in batches of 30, 50, 100, 300, 500 and
1000 mite. The highest paranitrophenol product/
min/mg proteinwas0.27 nmolefor 500 mites, but
100 and 300 mites gave similar paranitrophenol

productsat 0.24nmole. Therewerenotasignificant
differences in the amount of paranitrophenol
produced by 100, 300 and 500 mites crushed with
motorized homogenizer. In contrast,
paranitrophenol product of 1000 mites
homogenated with mortar and pestle was only
0.16 n mole (Table 2).

Proper equipment for sample
homogenization is needed when dealing with
specimens of small size. Cohen (1982) stated that
maj or problemswithinsect samplesarosebecause
of the small size and consequently small amounts
of tissue available. To avoid this problem,
homogenate or centrifugal fraction should come
from whole insect. Knowles and Hamed (1990)
used mortar and pestle to homogenate 250 bulb
mites, Rhizoglyphus echinopus (Fumouze and
Robin) for a propargite metabolism study while
Kulpiyawat (2001) homogenized 900
Eutetranychus africanus Tuker adult in the same
way to find the esterase activity. In thisfinding,
the results clearly demonstrated that different
methodsof homogeni zationgavedifferent esterase
activities. Homogenated samplesof 100 miteused
amotor driven homogenizer exhibited significantly
higher esterase activity (0.24 n mole/min/mg
protein) as compared with 1000 mites (0.16 n

Table2 Detection of esterase activity: influence of mite number.

Number of mitesV/

Mean (S.E.)*of paranitrophenol product

(n mole/min/mg protein)

30
50
100
300
500
1000

0.15(2.77) b
0.13 (0.66) b
0.24 (1.76) a
0.24 (0.86) a
0.27 (0.86) a
0.16 (3.65) b

*

e

Different methods of specimen homogenization:

Means followed by the same letters are not significantly different at 0.05 level as determined by Lsd.

30-500 mites using motorized homogenizer (Sigma, Z359947).

1000 mites using a mortar and pestle for homogeni zation.
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mole/min/mg protein) homogenated with mortar
and pestle.

Levels of esterase activity varied among
stages of insect or mite species. McEnroe (1965)
stated that the esterase activity of two-spotted
spider mite, Tetranychus urticae Kochwaslow in
thelarval stage, thenincreasedin 2-3day-old adult
anddeclinedintheolder age. Triboliumcastaneum
(Herbst) also expressed low esteraseactivity inthe
egg stage, which increased in the larval stage and
declinedin pupal and adult stages. Moreover, Zhu
and Brindley (1990) stated that Lygus hesperus
Knight showed differences in esterase activity
between males and femal es (25% more activity of
AchEinmalethanfemale). Thechangeinactivity
among thedifferent stagescoul d beaffected by the
changing hormone titres in each stage (Cohen et
al., 1977; Visetson, 1991). In addition, insect
organs that have different functions may show
different esterase activities such as AchE activity
in head homogenate is higher than thoracic or
abdominal homogenates(Zhuand Brindley, 1990).
In this experiment, 3 day-olds T. truncatus adult
females had a detectable esterase activity similar
to those of T. urticae and E. africanus females
(Kulpiyawat, 2001 and Yanget al., 2001). Hence,
the number of 100 T. truncatus adult femaleswas

0.6

used throughout the remaining experiments.

Optimization of the pH buffer in
homogenizing medium

Tetranychus truncatus females were
homogenated in buffer with different pH, ranging
from 6-12. The highest activity of esterase was
0.47 n mole/min/mg protein at pH 7.5 (Figure 1).
Theesteraseactivity increased slightly from buffer
pH 6.0 till buffer pH 7.5, and dlightly declined
thereafter. Thisresult was similar to Kulpiyawat
(2001) who found that the highest peak of esterase
activity of Africanspider mite, E. africanusfemale
inthe same homogeni zing medium occurred at pH
7.5. In addition, Visetson (1991) and Rose and
Wallbank (1986) also demonstrated that 7.5 was
the optimum pH buffer for T. castaneum and
Oryzaephilussurinamensis(L.). Thisfindingwas
also suported by Hodgson and Plapp (1970) who
stated that a pH of between 7-8 was suitable for
most insects.

Suitable buffering conditions should be
used during theprocessof homogenization because
several inhibitors such asquinones, phenolicsand
proteolyticenzymesarerel eased. Theseinhibitors
could denature the enzymes and reduce enzyme
activity (Visetson, 1991). These compounds are
powerful oxidizing agentsand they may polymerize

05 F

04+

03}

02F

01f

n moles paranitrophenol product/ min/ mg protein

0.19

6.0 6.5 7.0

75 8.0 9.0 12.0
pH

Figurel Esterase activity curve at different pH of homogenizing medium.
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with themselves or with protein. These reactions
causedtheinactivation of enzymeactivity (Walker,
1980). Several workers provided several media
for homogenizing specimenssuchasdistilled water
(Ishaaya and Degheele, 1988), phosphate buffer
containing sucroseand KCl (Cohen, 1982), Bovine
serum abumin (BSA) (Walker, 1980), phosphate
buffer containing DTT and EDTA (Willadsen et
al., 1987) and phosphate buffer without adding
any other chemicals(Price, 1984). Walker (1980)
showed that PV PP was a powerful absorbent for
inhibitors such as phenolics and tannins. EDTA
was a stabilizing agent in the homogenizing
medium (Krieger and Wilkinson, 1970). In this
experiment, PVPP and EDTA were added in the
7.5 selected pH phosphate buffer for
homogenization of enzyme in order to avoid the
inhibitors.

Detection of esterase activity

Esterase activities were detected from the

survived T. truncatus femal es after treated with 1,
3 and 5% sugar apple crude hexane extracts and
crude extracts combined with synergists. Results
of esterase activity showed no significant
differencesin al treatments which indicated that
there were no changes in esterase activity no
matter what kinds of synergist were added (Table
3). This indication clearly illustrated that the
extract with or without synergists did not involve
in this kind of mechanism in this mite.

Mites exhibited low and similar esterase
activity levels (0.09-0.13 n mole/min/mg protein)
in al treatments including control. This result
coincided well with Kulpiyawat (2001) who
revealed that E. africanus esterase activity was
only 0.01-0.15nmole/min/mg protein. Inaddition,
Ni and Quisenberry (2003) demonstrated that
esterase activity of the Russian wheat aphid,
Diuraphisnoxia (Mordvilko) fed on different host
plants varied between 0.1-0.5 n mole/min/mg

Table3 Enzymeactivitiesof Tetranychustruncatusafter treated with different concentrationsof crude
sugar apple hexane extract or combined crude extract with synergists.

Treatments

Mean enzyme activities (S.E.)-Y
(n mole/min/mg protein)

1% crude sugar apple extract
3% crude sugar apple extract
5% crude sugar apple extract
1% crude extract+0.5%MA
3% crude extract+0.5%MA
5% crude extract+0.5%MA
1% crude extract+0.2%TPP
3% crude extract+0.2%TPP
5% crude extract+0.2%TPP
1% crude extract+0.2%PBO
3% crude extract+0.2%PBO
5% crude extract+0.2%PBO
Control (untreated mites)

Esterase Glutathione S-transferase
0.10 (0.020) a 0.23 (0.04) a
0.13 (0.006) a 0.18 (0.04) a
0.13 (0.005) a 0.23(0.04) a
0.10 (0.010) a 0.21 (0.08) a
0.13 (0.005) a 0.23 (0.04) a
0.11 (0.005) a 0.27 (0.07) a
0.10 (0.005) a 0.23 (0.04) a
0.12 (0.003) a 0.23 (0.09) a
0.09 (0.008) a 0.14 (0.00) a
0.12 (0.003) a 0.23(0.04) a
0.11 (0.010) a 0.14 (0.00) a
0.11 (0.005) a 0.18 (0.04) a
0.11 (0.003) a 0.32 (0.04) a

=

Meansin columnfollowed by the samelettersare not significantly different asdetermined by L east Significant Differencetest

(Lsd) (0. =0.05).
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protein. Meanwhile, Yang et al. (2001) reported
that T. urticaeesteraseactivity was0.1-1.2nmole/
min/mg protein. In contrast, the diamondback
moth larva, P. xylostella had an esterase activity
level of 18.16 n mole/min/mg protein (Visetson
et al., 2003).

Detection of Glutathione S-transferase
activity

Mites in the control (untreated mite)
exhibited relatively higher GST activity (0.32 n
mole/min/mg protein) but not significantly
differentascomparedtoall other treatments(0.14-
0.27 nmole/min/mg protein) (Table 3). However,
TPPand PBOwerenotinvolvedwith GST activity
as mentioned by several workers (Collins, 1990;
Maa and Liao, 2000; Visetson et al., 2001).
Therefore, any changesof GST activity in Table3
might derive from the crude extract itself. The
resultsin Table 3 clearly indicated that the crude
extract alone showed ca. 28-44% GST inhibition.
Hence, thisfinding supported that thecrudeextract
itself a soinhibited theenzymesystem. Moreover,
ca. 15-30%decreasedin GST activity after addition
of MA inthe crude extract also indicated that MA
plus crude extract played further inhibition.
Therefore, glutathione S-transferaseinthiskind of
mite was one of the important role in the crude
extract degradation.

Glutathione S-transferase activity of T.
truncatus might be inhibited by the chemical
componentswithin sugar appl e seed extract which
was similar to the extraction of mangosteen peel
that inhibited GST activity in rice weevils,
Stophilus oryzae L. (Bullangpoti et al., 2004).
This finding agreed with Visetson et al. (2002)
who stated that combination of nut grass extract
with maleic acid aso inhibited GST activity in
golden apple snails, Pomacea canaliculata L.

Next experiment on enzyme purification
should be done to identify the activity of each
fraction because some fractions may exhibit as
inhibitor of theother fractions, making GST activity

fluctuated. Thisphenomenonhappenedwithother
workerssuchasVisetsonetal. (2003) whoworked
with the diamondback moth larvae and showing
thefluctuation of GST activity using crude extract
of sesame oil. They also demonstrated that, with
theionexchangepurificationmethod, eachfraction
showed different inhibition to thisenzyme. Some
fractionswereinhibited by another fractions. These
trendswere similar to those of other workers such
as Reidy et al. (1989) who purified GST enzyme
in the cytosols of the red rust flour beetles, T.
castaneum.

CONCLUSION

Toxicity of three synergistscombined with
sugar apple crude hexane extract on the mortality
of Tetranychus truncatus adult female indicated
that crude sugar apple hexane extract+0.5% MA
induced the highest toxicity to T. truncatus
(LC5p=2.27%). Thisresult clearly indicated that
crude hexane extract+0.5% M A was ableto block
the GST activity. Therefore, the sugar apple seed
extract could move directly to the target site of T.
truncatusresulting inincreasing mite’ smortality.
Incontrast, glutathione S-transferaseactivity of T.
truncatus might be inhibited by the chemical
componentswithinsugar appleseed extract. Hence,
the efficacy of sugar apple crude extract to control
T. truncatus could be increased by adding 0.5%
MA. Thisresult should later betested in thefield
and it will benefit Thai farmers in terms of
increasing environmental safety and reducing
production costs.
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