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ABSTRACT In comparisons of the activines of amylase, invertase, chitinase and esterase on the bth instar larvae
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of the fall webworm (Huphantria cunea Drury) by the leaf dipping method and on the 3rd instar
larvae of the nce stem borer (Chilo suppressaiis Walker) by the rice stem dipping method at LCsa
values of [RGs.

In the fall webwomm, after treatment of IGRs, the enzyme activities of amylase and mvertase
became the lower than that of untreated control The chlorfluazuron showed the lowest activity
among the tested IGRs. The chitinase activity increased i IGRs treatment, as compared with untrea-
ted control. The esterase isozyme pattern was detected by the 2 bands of Est-w'p* and Est-a’"
and was not found the differences in tested IGRs In the rice stem borer, the enzyme actvities
of amylase, invertase and chitinase showed a simular tendency with that of the fall webweorm. Howe-
ver, the activities of amylase and invertase showed about 7~10 times lower than that of the fall
webworm and the chitinase activty also showed about 3—~4 times lower than them. The esterase
jsozyme pattern was detected by the 4 bands of Est-n!, Fst-B°, Est-u® and Est-a® The pyriproxyfen
was detected by the strong activity of Est-a’ as compared with the other IGRs and the chlorfluazuron
and tebufenozide were detected by the strong activities of Est-p* but the diflubenzuron was not
detected.
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Synthesis and secretion of digestive emzymes in
insect appeared to be regulated by three possible
mechanisms. neural mechanism, a direct stimulus
from the nervous pathway; hormonal mechanism,
some factors in the meal trigger the endocrine gland
to release a hormone into the hemolyroph, which,
in turn, stimulate the secretory cells of the gut to
synthesize and release the digestive enzymes; secre-
togogue mechanism, a chemical in the food stimul-
ates the secretory cells of the midgut trggering them
to secrete appropriate quantity of enzyme (Christo-
pher & Mathavan 1985).

The activity of digestive enzymes depends mostly
on the presence of a respective substrate in the
food Trehalase plays a significant role n the supply
of energy ' an insect and the activity of trehalase
might serve as an indicator of energy reserves resul-
ting from availability of carbohydrates nutrients In-
vertase and amylase activiies could, therefore, be
used as additional parameters for assessing the avai-
lability of glucose, trehalose and glycogen (Ishaaya
& Swirski 1976)

Chitin is an amino-sugar polysaccharide that ser-
ves as a supporting element in extracellular structu-
res. notably in exoskeletons of insects, Synthesis of
chitin invalves concerted multifaceted cellular activi-
ties starting from biatransformations of simple meta-
balites and culminating in the emergence of a paly-
mer to be exiruded ouiside the cell membrances
and the process of chitin formation involves an or-
derly sequence of complicated cellular events (Va-
neck 1978, Cohen 19871, Active catalytic unils as-
sembled m cell membranes polymerize N-acetyl-D-
glucosamine (GlcNAcC) molecules into  extracellular
chitin chains. The imediate substrate {or polymeriza-
tion, 5'-uridine diphospho-N-acetyl-D-glucosamine
(UDP-GIcMAc), 15 an end metabolite of a cascade
of cyloplasmic  biechemical transformations  that
starts from the disaccharide trehalose or from glu-
cose (Cohen 1987).

The hormmone of brain that regulates molting was
known by RKopec (1922) as a prothoracictrophic
hormone (PTTH), and stimulates ecdyscone secretion
with the prothoracic gland. The molt of an insect,
one of the early events. is the detachment of the
epidermal cells from the old cuticle, an event refer-
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red to as apolysis and one of the last events is ecd-
ysis; the molting insect may' degrade, absorb and
re-uthize up to 90% of the old cuticle under the
presence of enzymes in molting fluid as protease
and chitinase secreted from the epidermal cell of
epidermal tissue in integument of insect {Chang
1993), The chitinase activity in molting fluid of inte-
gument for molting of insect reported a similar cross
relatonship between chitinase level and molting
{Bade & Stinson 1978, Vaneck 1978).

Diflubenzuron, one of the representatve of IGHs,
was investigated by Guyer & Neumann 1988, Hajiar
& Casida 1978, Ishaaya & Acher 1977, Ishaaya
& Degheele 1988 and lvie & Wright 1978 The
effects and the mechanism of it as chitin synthesis
inhibitors against the vanous insects, but mainly
against lepideoptera were in;lfestigated. Recently, in
studies on the N-acetylglucosarnine incorporation
into the cultured intequment of Chilo suppressalts
by IGRs, the potency inhibiting the incorporation
of [*C] GluNAc into the cultured integument by
Nakagawa et al, (1992a, b) was evaluated ta be
a physiological paramefer for the structure-activity
study and Oikawa ef ai (1993) reported the enhan-
cement of N-acetylglucosamine by the aforementio-
ned it

Cyramazine, one of the IGRs, caused epidermal
cells of third instar Lucifia cupring larvae to invade
the cuficle and produce necrotic lesions where as
diflubenzuron inhibits chitin synthesis by Binnington
et al (1987) and cyromazin does not act by inhibi-
fing chitin formation on same insects but the primary
mode of action of cyromazine was suggested by
via the hormone systemns (Friedel et ol 1988).
However, Kotze & Reynalds {1990 tepotted that
the pnmary effect of cyromazine caused rapid cha-
nges in mechanical properties of cuticle

Esterase, in general, was known to be distrbuted
broadly in insect body and to be investigated in
the strains of susceptible and resistant to insecticides.
The aim of our experiment was investigating the
differences of isozyme patterns against the survived
larvae after treatment at rate of LCsy values with
IGEs.

The IGHs referred to as the third generation pes-
ticides, developed rapidly in developed countries and
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were investigated widely about the moede of actions,
In these points, after investigation of insecticidal acti-
vity against the various instar stages of fall webworm
(FWB} and rice stem borer (RSB) reported by Lee
et al. (1994), the experimental results of amylase,
invertase, chitinase and esterase activities against the
servived larvae of Sth instar of FWB and 3rd instar
of RSB after treatment of IGRs at L.Csq values were
repotted in this paper

MATERIALS AND METHODS

The prepatations of enzyme assay solution to
measure emzyme activily were shown at indicated
steps as follow: the fust, the latter half of 5th survi-
ved instar larvae of the fall webworm (Hyphantria
cunea Drury) and 3rd survived instar larvae of the
rice stem borer (Chilo suppressclis Walker) with
IGRs treatment after the rate of LCsp values was
homogenized with glass bars in centrifuge cell in
500 or 50 W of 0.01 M sodium phosphate buffer
(pH 6.0) per each servived larva, respectively. After
centrifugation for 5min with 5000 rpm at 4T | only
the supernatant of the 1st centrifugal solution was
spun further for 20 min. with 15000 mpm and the
enzyme assay solution was collected with micropip-
pette from the supernatant.

The contents of IGRs tested and the levels of
LCyq values were determined by the results of mor-
tality activities on different instars (Table 1).

The invertase activity was measured with the

=% 3 A Vol. 33 No.2
methods recommended by Chrastopher & Mathavan
(1985) and Ishaaya & Swirski (1976). The assay
solution mixed with 0.05 mi of enzyme solution of
0.2 m! of 0.02M sodium phosphate buffer (pH 6.0)
and with 0.2ml of 1% sucrose solution of QG.0ZM
sodium phosphate buffer (pH60) was reacted in
water bath {Grant Instrument Ltd, S540 200/min)
for 30 min. at 37C After that, added 1.6 mi of 35-
dinitrosalicylic acid (DNS reagent) to the solution.
The assay solution was boiled in water bath for 5
min and followed by immediate cooling in an ice
bath. The activity was determined in extinction units
) with an absorbance at 550 nm with spectropho-
tometer {Cecl] Instrument).

The measuremental method of amylase activity
was followed the methods of invertase analysis by
Christopher & Mathavan (1985) and [shaaya &
Swirski {1976) and was showed the same procedu-
res as the invertase method except differences of
the initial assay sclution which was mixed with 0.05
m! of enzyme solution of 0.2 ml of 002M sodium
phosphate buffer (pH 6.0} and .with 01 m! of 2%
starch solution of 002 M sodium phosphate beffer
ipH 6.0).

The preparation of enzyme solution to measure
chitinase activity was followed the method mentio-
ned above with the only change in the buffer solu-
tion: 0.2 M acetate buffer (pH 5.1) instead of 0.02M
sodium phosphate buffer (pH 6.0).

The chitinase activity was measured as recom-

mended by Kim et al (1993) and Yun & Kim

Table 1. Chemicals used and LCs, values {(ppm) of the those in experiment

. . LCo*
Common name Trade name Chemical name Purity(%) W RSB
Chlorfluazuron Atabron 1-[ 3,5-dichloro-4-(3-chlor-o-b- 97.3 236 017
triflucromethyl-2-pyndyloxy}phenyl-
3-(2,6~diflucrabenzoyljurea
Diflubenzuron Dimilin 1-{(4-chlorophenyl)-3-(2.6- 914 194 424 5
diflucrabenzoyljurea
Pyriproxyten Sumilarv 2-11-methyl-2-(phenoxyphencxy) 981 853 7117
ethoxyl pyridine
Tebufenozide Mimic N-tert-butyl-N'-(4-ethylbenzoyl)- 95.0 395 354

3.5-dimethylbenzohydrazide

*LCsy values indicated the results of the previous teports at indicated instar larvae of each tested insects; FW:

Fall Webworm; ESB. Rice Stem Borer.
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(1985). The assay soluhon was mixed with 0.2 m/
of enzyme solution, with 0.1 mi of 0.2M acetate
buffer (pH 5.1} and with 0.2 m! of colloidal chitin,
following the method of Bemiller (1965), and incu-
bated for 10 min. at 40T and after that, added 1 m/
of DNS reagent. The assay solution was boiled in
water bath for 5min. and added with 8 ml of distil-
led water. Then, the assay solution was stored in
ice bath and detetrined the extinction units(E) with
an absorbance of 640nm with spectrophotorneter
(Cecil Instrument} The replication number was 6
m all of this experiments.

The electrophoresis was carried out with the thin
agarose electrophoresis rmethod by Ohba {1970) for
Investigation of esterase isozyme patterns. The enz-
yme solution for studies of electrophoresis used the
same procedures as the solution mentioned above
The 2 of enzyme assay solution with micropipette
was dropped in applicator plate and lodged in 0.8%
agarose gel plate with applicator comb. The gel plate
was set up with 1.5mA per cm for 3 hours after
embedding it for 10 min. The gel plate was sprayed
with substrate soiutions which was mixed with 2 5%
a-naphthyl acetate and with 0.5% B-naphthyl acetate
with, reagent acelone and then, the gel plate was
reacted with substrate at 387 in incubator (Precision
Incubator) for 20 min, The gel plate was stained by
spraying the solution of 0.5% aqueous a-Fast Blue
BB salt at 38C m incubator for 20 min. and then,
destained with tap water for 24 hours and dned
with dry oven (Precision Owven) at 38T

RESULTS AND DISCUSSIONS

The experimental results of amylase, invertase and
chitinase activites on the bth survival instar larvae
of the fall webworm after treatment at LCsg values
of the IGRs by the leaf-dipping method were shown
m Table 2.

Enzyme activiies of amylase and invertase after
treated with IGEs showed the lower activity than
that of untreated control In the case of amylase,
enzyme activities of chlorfluazuron, tebufenczide,
pyriproxyfen and diflubenzuron decreased to 6.76.
697, 720 and 1096, as compared with 11.01 of

control activity, respectively, In the case of invertase,
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Table 2. Comparisons of amylase, invertase and chi-

tinase activities on the 5th survival instar larvae of

the fall webworm (Hyphanfria cunea Drvury) after

treatment at LCs values of the IGRs by the leaf
dipping method

Enzyme achvity

IGRs Amylase Invertase Chitinase

Control 1101£ 219" 943+201 710£289
Chlorfluazuron  676£067 £91£038 930+054
Diflubenzuron 10963+ 143 830+ 030 10.70+£098
Priproxyten 7202139 8362037 12171041
Tebufenozide 697+£0.23 870+ 017 1133x18&2

*Mean and standard deviahon of six replications; Enzyme
activity (Amylase and [nvertase) ug of reducing sugar/min/
whole body. (Chitnase). ug of hydrolyzed chitin/min/whole
body,

enzyme activites of chlorfluazuron, diflubenzuron,
pyripcxyfen and tebufenzide decreased to 6.91,
830, 836 and 870 as compared with 943 of the
control activity, respectively. The chlorfluazuron sho-
wed the lowest activity among the treated IGRs both
amylase and Invertase. This results corresponded
with the results of Christopher & Mathavan 1985.
The activity of the amylase with developmental sta-
ges of the fall webworm (Chung et al 1986) increa-
sed dramatically over the period of early larval stage
to last larval stage at which ingests food most acti-
vely but the trend decreased immediately after pu-
pation. Christopher & Mathavan (1985) reported
that food mtake was thought to be a factor of para-
maunt mportance m regulation of digestive enzyme
secretion in msects and the activities of amylase and
invertase showed a direct correlation to the food
consumption. For instance, larvae receiving 100%
or Ad libitum food, liberated as much as 460 mg
/glucose/g gut/hour and those receiving 75, 50 and
25% rations released 400, 296 and 164 mg glu-
cose/ g gut/hour, respectively. Starved larvae, howe-
ver, showed a litlle activity {40 mg glucose/g gut/
hour). Values for invertase activity 3, 8, 10 and 18
mg glucose/gut/hour in 25, 50, 75 and 100% ra-
tioned individuals, respectively. Therefore, the quan-
tity of food ingested significantly affects the digestive
enzyme activity. [n thaose points, the low enzyme
activities of amylase and invertase after ireatment
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of IGRs as compared with the levels of untreated
control were caused by less food ingestions after
exposures of [GRs (data not presented). In the other
point of view, the lowest activity of chlorfluazuron
which was not directly compared to all of the tested
IGRs in this experiment showed by reasons of the
longer half-lives then the diflubenzuron (Guyer &
Neumann 1988},

The enzyme activities of trehalase, invertase and
amylase with diets containing 5.0 ppm of difluben-
zuron against the 4th instar larvae of Tribolium cas-
taneum showed in a reduction of about 32, 27 and
17%. respectively (lshaaya & Acher 1977). They
also reported that a dose-dependent decrease in the
activity of the enzymes was obtained with the inc-
rease in diflubenzuron concentration (Ishaaya &
Swirski 1976). The low enzyme activities of amylase
and invertase after treatment of IGRs on survival
of the bth instar larvae of the fall webworm as com-
pared with that of untreated control accorded well
with previous reporters (Christopher & Mathavan
1985, Guyer & Neumann 1988, Ishaaya & Swirskl
1976, Ishaaya & Acher 1977).

Enzyme activities of chitinase in the Table 2 sho-
wed the results in opposition to those of amylase
and invertase activities. The chitinase activities of py-
riproxyfen, tebufenozide, deflubenzuron and chlorflu-
azuron increased 12.17, 11.33, 10.70 and 9.30 as
compared with 7.10 of untreated control, respecti-
vely. In general, IGRs typically caused the death of
immature stages by inducing abnormmalities during
larvae and pupal development and inhibited the chi-
tinase activity for chitin synthesis in molting fluid.
In the other generals, if the enzyme activities of am-
ylase and invertase were disturbed by the [GRs, the
IGRs might hamper not only the supply of glucose
needed for chitin build-up in carbohydrate metabo-
lism but also the chitinase activity reduced in molting
fluid and in insect bady. However, Ishaay & Casia
(1974) reported that an increased activity of chih-
nase which was observed in housefly larvae after
feeding with diflubenzurcn may further accentuate
the inhibition of chitin build-up. t was suggested
that the disruption of chitin build-up may result from
an alteration in the level of hormones, especially
that of ecdyson through the inhibition of ecdysone-
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Table 3. Comparisons of amylase, invertase and chi-

tinase activities on the 3rd survival instar larvae of

the rice stem borer (Chilo suppressalis Walker) after

treatment at LCs values of the IGRs by the rice
stem dipping method

Enzyme achvity

IGRs

Amylase [hvertase Chitinase
Control 122+033* 114010 272+0606
Chlorfluazuron 090+ 003  1.13+007 3132064
Diflubenzuron 097+ 005 099+005 313+096
Pyriproxyfen 091+0056 108003 3671089
Tebufenozide 099+004 100+004 300+055

*Mean and standard deviation of six replications; Enzyme
activity (Amylase and Invertase): pg of reducing sugar/
min/whole bedy., {Chiinase}: pg of hydrolyzed chitin/min
Jwhole body.

metabolizing enzymes by diflubenzuron (Yu & Ter-
tiere 1977).

Enzyme ativities of amylase, invertase and chiti-
nase on the 3rd survival instar larvae of the rice
stemn borer after treatment at LCsp values of the
IGR by the rice stem dipping method were shown
as indicated in Table 3.

All the experimental results on rice stem borer
as indicated in Table 3, showed a similar tendency
with those of the fall webworm (see Table 2). In
general, the differences between the fall webworm
and the rice stem borer known pupae and old lar-
vae of over-wintering stages, Arctiidae and Pyralidae
of Lepidoptera, 160 host plants of difoliated trees
and main rice plants, respectively The activities of
amylase and invertase with the rice stem borer were
lower about 7~ 10 times than those of the fall web-
worm and the activity of chitinase was also lower
about 3—4 times than the results of two experime-
nts (Table 2 and 3). Amylase and invertase activities
in lepidaptera reported by Christopher & Mathavan
(1985} showed in relation to the developmental
stage and the food availability and in positive corre-
lation between food intake and enzyme activity. The
enzyme activity was influenced with impertance of
these enzymes in food digestion and energy supply
and strongly affected by various host plants {lshaaya
& Swirski 1976) In general, the nature of the enzy-
mes secreted depends mostly on the nature of the
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Fig. 1. Zymogram patterns of fall webworm (Hyphant-
ria cunea Drury) after treatment at LCsy values of IGRs
seperated by thin agarcse gel electrophoresis method,
CO. Control CFU: Chlorfluazuron DER: Diflubenzuron
PRF Pynproxyfen TFZ- Tebufenozide,

meal: whereas herbivoraus insects secreted more ca-
rbohydrases, carnivorous insects secreted predomi-
nantly proteases. The other reasoms, by [shaaya &
Swirski (1976), the enzyme activities (frehalase) in
scales reared on potato sprouts increased about 3.5
and 4.0 folds than obtained in scales reared on
oleander and on citrus plants, respectively. The re-
sults of Hyphantria cunea (Chung et ol 1986} and
Pieris rapae (Yun & Kim 1985) showed the inc-
rease of enzyme activity according to developmental
larval stages. Kim et al. (1993) reported that chiti-
nase activity af LCsq and 1.Cqs values of pyripoxyfen
for 7 days i 3rd instar larvae of housefly showed
the various differences on local strains. The chitinase
activity induced the infact or deproteined cuticle by
incubation with enzymatically active molting fluid an
acquisition of endogenous chitinase activity by the
chitin of intact cuticle required several steps as enzy-
matic reactions by Bade & Stinson (1978). The acti-
vity of chitinases by Singh & Vardanis {1984} inc-
reased during pupation, showed a maximum in the
rmddle of the pupal period. Even though, the times
of observation in this experiment were not the mou-
lting stages, the major factors of mortality after treat-
ment of the IGRs at latter half days of tested laval
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Fig. 2. Zymogram pattems of rice stem borer (Chilo
suppressalis Walker) after treatment at LCqp values of
IGRs seperated by thin agarose gel electrophoresis me-
thod CO: Control CFU: Chiorfluazuron DEB: Difluben-
zuron PRE: Pyriprosyfen TFZ: Tebufenczide

stages were reported, in general, the inhibitions of
chitin synthesis during the moulting procedures. In
tesults of this experiment, the chitinase activty of
the sewived larvae against the tested larvae after
treatment of LCsp values with IGRs showed the dif-
ferences at the tested larvae and the treated 1GRs.
However, the mortality mechanisms after treatment
of the IGRs should be investigated in varous resea-
rch fields in a futures.

Esterase, in general, was known to be distibuted
broadly in insect body and the main factors of inse-
ticide resistance. Esterase isozyme pattems of the
fall webworm {Gth instar larvae) and the rice stemn
borer (3rd instar larvae) after treatment at L.Cyy va-
lues of the IGRs by thin agarose gel electropharesis
method showed in Fig 1 and Fig 2, respectively.

The fall webworm, as indicated in Fig, 1, was de-
tected by the two bands of Est-a!f® and Est-a’p
and chlorfluazuron shawed the low esterase isozyme
patiemns as cormpared with those of unfreated cont-
rol. However, the difference was not found in the
other IGRs. Even though the results of this exper-
ment were not directly compared with the other’s
repotters, isozyme pattems or activities of esterase
in housefly {(Ugaki et al 1983) and Culex pipiens
pallens (Bonning & Hemingway 1991) were investi-
gated in the strams of susceptible and resistant to
insecticides. Fortumately, the housefly strain fed on
arlificial diet med with pyriprovylen 1Ce had very
high activity of -Est-c! early stages and the activity



94 g e R IR EHA

of Est-a' was very strong in late stages (Kim et al.
1993). The amylase band with gut of Hyphantria
cunea seperated by acrylamide gel electrophoresis
by Chung et ol (1986) was detected three isozyme
bands in the upper regions of gel The aim of cur
experiment was investigating the differences of isoz-
yme pattemns after treatment with IGRs. The chlord-
luazuron showed the lower activities of amylase and
invertase and also the lower levels of chitinase acti-
vity (see in Table 2). The results of this electropho-
resis accorded well with the activities of enzymes.

The rice stem borer as indicated in Fig. 2 was
detected by the four bands of Est-a!, Est-p* Est-o?
and Est-a® The pyriproxyfen was detected by the
strong activity of Est-¢’ as compared with the ather
IGRs and the chlorfluazuron and the tebufenozide
were detected by the strong activities of Est-p° but
the diflubenzuron was not detected. The results of
this experiment were not directly elucidated and
compared with the resulls of enzyme activity (see
in Table 3). Recently, in mode of action of IGRs
against the rice stemn borer, the diflubenzuron was
elucidated the inhibition of N-acetylgucosamine in-
corporation into the cultured integqument of Chiio
suppressafis Walker (Nakagawa ef al. 1992a, b) and
the dibenzoy! hydrazine and the molting hormone
enhanced the N-acetylglucosamine incorporation
into the cultured intequment of Chilo suppressalis.
The isozyme patterns of esterases, generally, showed
the differences according to the developmental sta-
ges of the insects and were affected by the host
plant including the exposure of insecticides.

In conclusions, The activities of amylase and inve-
rtase became the lower than that of untreated cont-
rol on servived larvae of FW {bth instar) and RSB
(3rd instar) and chitinase increased in IGRs treat-
ment. The enzyme activities in RSB showed a simi-
lar tendency with that of the FW, However, the R5B
showed about 710 times lower than that of the
FW in activities of amylase and invertase and sho-
wed 3~4 times lower than the FW n chitinase acti-
wity. Esterase isozyme pattemns of the FW and the
RSB were detected 2 and 4 bands, respectively, Al-
though, the FW was not found the differences in
tested IGRs, the pyriproxyfen showed the strong ac-
tivity of Est-al and the chlodfluazuron and tebufe-
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nozide showed strong activifies of Est-fi* in RSB,
In these points, the 1GEs referred to as low toxicity
pesticides, anyhow, needed to be investigated the
mode of actions and the expanded applications of
major pests for preservations of healthy environme-
nts and sustainable agricultural ecosystems.
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