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ABSTRACT

The effect of aqueous extracts Tlisia esculenta(T.E.) andSapindussapmaria (S.S.), were evaluated on the
development and mortality of 8'1day-life Spodopterdrugiperda an important pest of maize. Corn leaves were
dipped in the aqueous extracts (1% wi/v) and offagdood to the caterpillars. The treated corn kEsmwith the
extracts caused larval mortality (26.71%/T.E.; 68/3.S.) and also showed effect on the larval weigB7.50
mg/T.E.; 86.65 mg/S.S.) when compared with thera@o(it1.3% and 293.45 mgmortality and larval weight,
respectively. The electrophoresis with gelgtnl% showed two very clear white areas (trypsin agtjvin the
caterpillars midgut of all the treatments. Only thbaterpillar treated withS. saponariapresented significant
differences, showing trypsin activit0.59%. Sapindussaponariaappeared better thafalisia esculentaand
showed good potential to be used as control agers ffrugiperda

Key words: Talisia esculentaSapindus saponarjé&apindacea&podoptera frugiperdanaturalinsecticide

INTRODUCTION 1985; Leatemia and Isman, 2004). They may show
greater overall bioactivity compared to the
Plants are rich sources of natural substances thadividual constituents (Berenbaum et 991,
can be utlized in the development ofChen et al., 1995), and insect resistance is much
environmentally safe methods for insect controless likely to develop with mixtures (Feng and
(Sadek, 2003Caramori et al., 2004). Simple crudelsman, 1995). These reasons support the use of
extracts from plants have been used as insecticidegide, chemically unrefined plant extracts, and the
in many countries for centruries (Crosby, 1971former will be simpler and cheaper to prepare if
Leatemia and Isman, 2004). Crude plant extracte plant materials are locally available (Leatemia
often consist of complex mixtures of activeand Isman, 2004). Much research has focused on
compounds. Use of complex mixtures as pesscreening of the Meliaceae for limonoids
control agents could be advantageous as natur@liperpene derivatives). This has been driven by
mixtures may act synergistically (Berenbaumthe well-documented bioactivity of azadirachtin, a
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limonoid from the neem treé\gadirachta indica  Vendramim (Departamento de Entomologia,
(Wheeler et al., 2001; Hirose et al., 2001). TheFitopatologia e Zoologia Agricola, Escola
deleterious  effects of certain  purified Superior de Agricultura Luiz de Queiroz,
phytochemicals or crude extracts on insects argpiversidade de Sio Paulo. Piracicaba. SP

manifested in several ways, including tOXiCity’Brazil). The photoperiod used for the colony was
growth retardation, feeding inhibition, oviposition 14'D10. and the larvae were maintained in an

fle(;[errte_znr(]:e, fsfupp;e;tsmnngf fC?tI.II'.?g tK/Iehr%wourn%nl cubator at 25+C and a relative humidity of
eduction of fecundity a ertility (Mordue a 60+10% during the feeding trials. The maize

Blackwell, 1993; Breuer and Schmidt, 1995; . .
Hiremath et al., 1997; Zhao et al., 1998; Wheeleplams’ cv AG5020, susceptible to fail army worm,

. ) were used in the experiments but neither synthetic
(;Lo:)slr?arknzgg\l,ér?f:tgug?stma?]eaenrg Z)ljtsrggfllgho or botanical insecticide was applie@. esculenta
A X 9 . . .._andS. saponarisseeds were collected in the States
being little toxic for endothermic animals and its

tivity  d not rsist for lona  tim of Ceara and S&o Paulo (Brazil), respectively.
agchrr?/ tte?eis 1980. T(eoslset gl igg(()) gS CheAfter drying, the seeds were triturated in an
( . uterer, ’ u v )- Su . electric mill to obtain a flour of fine granulation.
wide variety of effects provide potential lours were stored at -20°C for subsequent use
alternatives to the use of synthetic chemical - '
) - h h h th
insecticides (Sadek, 2003). e aqueous extracts were obtained through the

Talisia esculentaSt. Hil.) Radlk., locally known dissolution (distilled water) of the flours (Viana

as pitomba, belongs to the Sapindaceae family agd Prates (2004). The solutions were stored in

occurs in northern and northeastern Brazil. Th ass containers, covered, maintained at room
fruit of T. esculentds consumed b humans.and emperature in dark conditions for 24h to extract
birds Th.e latter act as seed dis )tlersS indus the compounds soluble in water. The aqueous

o . P & extracts were filtered through fine fabric wbile
saponarqu. (_Saplndaceae), commonly know_n %pefore use, and stored up to three days‘a 4
Saboneteira, is a tree used by the population ouamamz’:l et al, 2006). The maize leaves
prepare homemade soap. The fruits are not eatab Silected from plant’s with age between 35 and 45’
and are considered toxic to bovine, bats and birds, .

. ) . L fter the plantation (V7-V B I
Their seeds present insecticide action. The fa ays after the plantation ( 9) (Busato et al

armyworm, Spodoptera frugiperda(J.E. Smith) 002), were cut in pieces of 5 x 3 cm and

(Lepidoptera: Noctuidae), is an  economicall immersed in the respective extracts at room
piaop'era. ' ytemperature. Maize leaves immersed only in

important pest of maize and other graminaceou istilled water were used as control. The effect of

crops throughout a great part of tropical an he treatment was observed dail

! . i y, as well as the
subtropical America (Sparks, 1979; Andrews, . ) .
1980; Chapman et al., 2000). On maize, thchange of the maize leaves which, after having

. . %vaporated the water excess, were offered to the
favorite host, the larvae feed almost exclusively aterpillars

within the wrapped leaves of the developing whor -
(Labatte, 1993). The aim of this work was to he experiment was composed of three treatments

control, T. esculenta and S. saponarif using
evaluate the effects of aqueous seeds-extracts t Piss tubes (8.5 x 2.5 cm) covered with cotton to
plants of Sapindaceae family, esculentaandS. ' '

ia in the devel { and midaut t . observe the biological development of the
saponarig In the development and midgu rypSIncaterpillars ofS. frugiperdaconditioned together
activity of S. frugiperda

with the maize leaves. Each treatment presented
150 caterpillars properly individualized (n=150) to
avoid cannibalism.

The caterpillars were weighed at 8 and 14 days of

development. In the pupal stage, they were
The study was developed from February 0 Julyejghed again after 24 h. Insects were kept in

2004 under laboratory conditions in the Escold pas until adults emergence. Viability and

Superior  de _Agronomia Lui_z d_e Queiroz- 4 ,ration of the larval and pupal stages were also
ESALQ/USP/Piracicaba and Universidade Federgl, o ated. The experiment was developed under

de Mato Grosso do Sul-UFMS/Trés Lagoasgonirolled conditions of temperature (25:2°C),
Brazil. TheS. frugiperdacaterpillars were from a humidity (80+10°C) and light (14 h).
laboratory colony provided by Dr J. D.

MATERIAL AND METHODS

Braz. arch. biol. technol. v.51 n.2: pp.373-383yNAgr. 2008



Effect of the Aqueous Extracts of the Seed$alfsia esculentandSapindus saponaria 375

Twenty 4" - instar caterpillars, were removed atmethod (1970). Caterpillars feces samples were
random of each treatment awdld-immobilized. boiled for 2 min before applying. The proteins
Their midguts were surgically removed in coldused as molecular mass standards were
150 mM NaCl using tweezers and stored frozen phosphorylase B (94 kDa), BSA (66 kDa),
(-20°C). Later the midguts were homogenized irovalbumin (43 kDa), carbonic anhydrase (30 kDa),
150 mM NacCl, centrifuged at 20,000 x g for 30trypsin inhibitor (20 kDa) and-lactalbumin (14.4
min at 4 °C and the supernatants pooled and kekDa). The proteins were detected by staining with
on ice for in vitro enzymatic assays. 0.1% Coomassie brilliant blue R-250.

Feces of the caterpillars were collected during th6DS-PAGE (10%) containing gelatin (0.1%) was
experiment and frozef220°C). When necessary, carried out to verify total proteolytic activity
they were macerated, homogenized in 20(Michaud et al. 1993; Novillo et al. 1997Jo
mM Tris-HCI buffer (Tris - Hydroxymethyl prevent the irreversible inactivation of _the
aminomethane), pH 8.5, centrifuged at 20,00@roteinases, the samples were not previously

x g for 30 min at 4 °C and supernatants Wergoiled as done in SDS-PAGE described above.

used for in vitro enzymatic assays The same samples was previously incubated with
Protein concentrations were determined agrrilﬁjsr?meth”}m?(lg;ne -(TLctip-t%?yl-légySI;?n
described by Bradford (1976), using bovine serun% y '

: ollowing electrophoresis at 5°C, the gels were
albumin (BSA) as a standard. Absorbance at 59washed with 2.5% (v/v) Triton X-100 solution for

nm was also used to determine the protein conteqt,” . ;
in both aqueous seeds-extracts and midgut/fec%?h with shaking to remove the SDS, after which

supernatants of caterpillars. e gels were incubated with 100 ml of activating

The trypsin-like enzyme activity, in the midgutssomtIon (Tris-HCI 100 mM, pH 8.5) for 2 h. The.
: . gels were subsequently stained with Coomasie

and feces, was determined using N-benzoyl-dlbriIIialnt blue R-250

arginine-p-nitroanilide (BAPNA) as substrate. X

. All data were examined using one-way analysis of
Samples of midgut and feces supernatantsu0 . .
of protein) were incubated in 200 mM Tris-HCI variance (ANOVA) (General Linear Models on

. X GLM procedure). Tukey's test was used to
?nuige[;’ fpl;| 8,[hs md%i{imr?l \;ollum;e ?‘frgll\i mlbfotrr 1t0 identify the means which differed whenever the
ctore the adaition o 0 suos a®-ANOVA test indicated significance. A P value

The reaction was allowed to proceed at 37°C

for 20 min and then stopped by adding 0.2 ml o1‘<0'05 was considered to be significant.
30% (v/v) acetic acid. The resulting absorbance

was read at 410 nm (Macedo et al, 2000). T

evaluate the anti-trypsin activity of both the?zESULTS

aqueous seeds-extractsT. ( esculenta and S.
soponarig, samples of 5@ were used (1Qug and
17 ug of proteins respectively) in assays of seri
dilutions, containing 200 mM Tris-HCI buffer, pH

The mean weight of the caterpillars after 8 days of
afevelopment showed that only tl% saponaria
reatment caused significant differences, with a

_ ) mean weight 72.41% smaller (Table 1). However,
8.5 and added 50l of trypsin bovine enzyme (0.3 5¢er 14 days of development, the caterpillars

mg/ml). After 10 min, solution of BAPNA was asented a significant reduction in the means
added as substrate and the reaction was mterrupt\(fdgights for both,T. esculenta(19.06%) ands.

with acetic acid (30%) after 20 min (absorbancggnonaria(70.47%) treatments, when compared to
read at_410 nm). . the control. The results showed that the larval
Incubations were carried out for at least threg;apiliny was significantly reduced in both the
periods and were calculated for the initial rates Oéqueous seeds-exiract treatments. But. there were
hydrolysis. The assays were determinedder g gignificant differences in the mean duration of
conditions in  which enzyme —activity Was o |arval period ofS. frugiperdafor both the
proportional to protein concentration and the timgreaments. The pupal weight was not significantly
of incubation. One enzyme unit was defined as thgiterent (Table 2). During the pupal period

amount of protein that catalyzed the cleavage of Lgects that caused deformities or mortality for the

pmol of substrate/min. _insect did not occur. There were no significant
SDS polyacrylamide gel (12.5%) electrophoresis

(SDS-PAGE) was run according to Laemmli
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differences for viability and duration of the pupal
period either.

Table 1 -Weight, duration of larval period and viability 8f frugiperdacaterpillars fed maize leaves treated With
esculentaand S. saponarisaqueous seeds-extracts (1% w/v). Weight (mgheeighth and fourteenthdays of
development.

Larval stage

Treatment n Weight (mb) Weight (mg§ Period (days) Viability (%)
Control 139 13.56x1.2 a 293.45+15.42 a 18.3+0.85 a 88.7+3.62 a
T. esculenta 129 11.18+1.05a 237.50+10.7 b 19.17¢091 a BEB b
S. saponaria 136 3.74+0.48 b 86.65+£8.39 ¢ 21.68+£1.06 a 36.8%2.

#Means (= EP) followed by the same letter, in the columepat significantly different #.05), according to Tukey’s test.

Table 2 - Weight, duration of pupal period and viability 8. frugiperdapupae originated from caterpillars fed
maize leaves treated with esculentandS. saponariaaqueous seeds-extracts (1% w/v). Weight (mg)eathh of
development.

Pupal stage
Treatment n Weight (mg) Period (days) Viability (%)
Control 98 198.32+5.25 a 10.6+0.18 a 97+1.73 a
T. esculenta 62 203.05+5.72 a 11+0.23 a 91.94+2.88 a
S. saponaria 23 217.42+10.2 a 10£0.34 a 91.3+3.37 a

*Means (= EP followed by the same letter, in the column, are not signifigalifferent (P<0.05), according to Tukey'’s test.
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- =0- =T.esculenta —e—S. saponaria

Figure 1 - Anti-trypsin activity (bovine tripsin), samples sérial dilutions, of th&. esculentq10
Mg protein) ands. saponarig17.5ug protein) aqueous seeds-extracts (1% w/v)
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The anti-trypsin action of the aqueous extracts abccurred in the caterpillars of5. saponaria
the seed were evaluated in relation to enzymaticeatment (Fig. 2).

activity of the bovine trypsin (Fig. 1). The resultsThe in vitro assays with fecal material of the
showed thatT. esculentadid not inhibit the caterpillars showed thal. esculentatreatment
activity of the trypsin enzyme. On the other handpresented non-significant values for trypsin
S. saponariainhibited the trypsin activity around activity; but the caterpillars S. saponaria
30% in the samples with concentration above 9.@eatment, presented a significant reduction
ug of proteins. (34.37%) in same enzyme activity (Fig. 3).
Throughin vitro assays, the trypsin activity of the In SDS-PAGE, 5Qug of proteins of the samples of
caterpillars midguts supernatants was evaluatgfegces of each treatment were applied. Figure 4
(Fig. 2). Compared to the control, an increase adhowed that the digestion products presented the
6.8% in the trypsin activity of the caterpillars in same hydrolyzis patterns.

the T. esculentatreatment was not significant.

However, a significant reduction of 10.59%
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Control T. esculenta S. saponaria
Treatment

Figure 2 - Trypsin activity (n =150) of thé. frugiperda4” instar caterpillars midgut (50g
protein) fed maize leaves treated withesculentseandS. saponarisaqueous seeds-
extracts (1% w/v). Bars show meaS& and the same letters indicate that there are
no significant statistical differences{®05, Tukey’s test)
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Control T. esculenta S. saponaria
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Figure 3 - Trypsin activity (n = 150) of th&. frugiperdacaterpillars feces (5Qg protein) fed
maize leaves treated wifh esculentaand S. saponariaaqueous seeds-extracts (1%
wiv). Bars show measSE and the same letters indicate that there aggmificant
statistical differences §9.05, Tukey’s test).
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Figure 4 - SDS-PAGE (12.5%) of thé&. frugiperdacaterpillars feces. 1. molecular markers

(kDa); 2: control caterpillars feces; 3 and 4: gaitlars feces fed with maize leaves
treated with T. esculentaand S. saponariaaqueous seeds-extracts (1% wi/v),

respectively.

In the SDS-PAGE, where the proteins were undesamples (wells 1, 2 and 3), the total enzymatic
non-denaturing conditions, total enzymatic activityactivity of the midgut was observed, where a
can be visualized through white areas against similarity for T. esculentaand a clear reduction in
dark blue background (Fig. 5). In the first group ofthe proteolytic activity foiS. saponaridn relation

Braz. arch. biol. technol. v.51 n.2: pp.373-383yNAgr. 2008
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to the control caterpillars occurred. Compared tansects, with similarity fofl. esculentand smaller
the samples of the second group (wells 4,5 and Ggtivity for S. saponariacaterpillars treatments,
incubated with TLCK, an inhibition was observedwhen compared to control caterpillars. Although
in the proteolytic activity, showing the suppressiorthe fecal material did not allow the visualization of
of two very clear areas, indicating to be trypsindefined white areas, it was still possible to see that
activity. in the samples, previously incubated with TLCK,
All the samples were also under non-denaturingpplied in the wells (4), (5) and (6), a decrease in
conditions and visualization as described fothe total proteolytic intensity occurred, confirming
electrophoresis above (Fig. 6). In the wells (1), (2Jhe trypsin activity present in the insects feces .
and (3), it was possible to observe the total

enzymatic activity in the fecal material of the

Trypsin activity

Figure 5 - Total enzymatic activity in SDS-PAGE (10%) contampigelatin 0.1% of thes.
frugiperda caterpillars midgut (& instar). 1: control caterpillars midgut; 2 and 3:
caterpillars midgut of th&. esculentaandS. saponariareatments, respectively; 4:
control caterpillars midgut incubated with TLCK;ahd 6: caterpillars midgut of the
T. esculentaandS. saponariancubated with TLCK, respectively.

Figure 6 - Total enzymatic activity in SDS-PAGE (10%) contampigelatin 0.1% of thes.
frugiperdacaterpillars feces. 1: control caterpillars fecand 3: caterpillars feces of
the T. esculentaand S. saponariatreatments, respectively; 4: Control caterpillars
feces incubated with TLCK; 5 and 6: Caterpillarsefe of theT. esculentaand S.
saponariatreatments incubated with TLCK, respectively
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DISCUSSION The larval mortality obtained by both the
treatments, T. esculenta (26.71%) and S.

The use of aqueous extracts of plants is aponaria (63.15%), agreed with other studies
promising alternative for the control of with the same purpose. Bogorni and Vendramim

phytophagous insects. These extrdatditate (2005) tested_ Ieaves_ and tyvig; aqueous extract
the handling and its application, besides they caft”e W/v) of six species ofrichilia (Meliaceae)
gainstS. frugiperdaand it was observed that

be an option of lower cost in relation to the studie ; I 4 twi T lid
chemical controlMany have been done to reduce'€@ves OfT. pallensand twigs ofT. palidawere

the increasing use of the conventional insecticidef® MOst promising in the control of the insect.
(Amaugo and Emosairue, 2003; Maceda et afcrude foliar extracts of species oOhglaia
2003). The responsible use of the synthetiéMe“aceae)' significantly reduced the larval
insecticides in addition to alternative strategies ogroWth of the polyphagous lepidopteran
control  agricultural pests control, are tools thaf €idroma saucia(Noctuidae) (Satasook et al,
incorporate the integrated pest management (IP 994)' Aqueousf Iea]_‘ e_:xtracts Gnidia glauca
(Miresmailli, et. al. 2006)seeking benefits for ilg. andToddalia asiaticaLam., produced larval

: . : : ortality of more than 50% in the concentrations
the economy with possible environmental |mpacg1f 0.8 and 1.0% and reduction in the rate of food

reduction, once human _interference in theconsum tion and larval growth of the insect
environment is inevitable. The caterpillars of theHeIicovepr a  armioera (%undarara'an and
T. esculentatreatment only presented significant P 9 J

reduction in the mean weight in the secon&umUthakala\/a”" 2001). ~ Comparing  rate

measurement (14 days of development). Thig:ortallty of both aqueous extracts, it was verified

indicate that thd. esculentaqueous seeds extract eit:inf:pgn?k::?frl'esigtcedlerngrll'er:is might be
acted more slowly in the physiology of the insect” g€ | ' u . ight
becoming significant in the final instar of thebecause their seeds are very oily, originating an

larval period. The pupae from these caterpiIlargquaIIy oily extract and this oil could act as an

did not present significant differences in the mea@?%\;agt’ sI;nporr?:rna% thgoﬂéagogai?qndt'ﬁg'?};’;'.02
weight either. In conclusion, the caterpillars of thiﬁ - sap laaqueous ex : 1alz
ecaves offered as food for the caterpillars,

gg@mgﬂ; tggiléliubssl:;%?:zsth ;?Sva: ction - of an)f)romoting an increase in the insecticide action.
present in theT. esculentaaqueous extract . For Viana and Prates (2003) observed the same results
) ' in a field study, where they tested aqueous extracts

the S. saponaria treatment, the caterpillars o . : .
presented a significant reduction in the mea 10% W/.V.) ofA. indica '?a"eS’ .W'th and W'thom
the addition of soy oil, againsk. frugiperda

weight (first measurement), which was kept until X : 0
the second weight measurement. These resuﬁ,gterplllars and the_mqrtal|ty was 45.6% for the
queous extractA. indica and 71.7% for the

showed could unit that even in low percentages"’l - .
queous extradt. indica+ soy oil.

some caterpillars adapt to the toxic effects of th . ;
extract, but with physiological coathat damage n the anti-trypsin assays the resglts sh_ow_e(_j that
’ the aqueous extract df esculentadid not inhibit

the insects development, depending on itye 4ctivity of the bovine trypsin enzyme. On the
adaptation capacitylt is also important t0 qther hand, the aqueous extractSif saponaria
emphasize that their pupae presented mean weighhibited the activity of the same enzyme,
similar to the control pupae. indicating that it contained protein (Haq et al.,
The significant reduction in the mean of the2004) or secondary metabolites (Bernays, 1989;
caterpillars ~ treatments T( esculenta and S.  jyntheikki and Julkunen-Tiitto, 2000), responsible
saponarig, can be related to a reduction in thegg, the inhibition.
digestive activity and in the use of the foodthe non-significant increase in the trypsin enzyme
ingested due to the deviation of part of the insecictivity observed in the caterpillars midgut of the
energy in the attempt of degrading or removingr esculentareatment (6.8%) might have been an
the toxic substances (Tanzubil and McCafferyinsect answer to compensate the harmful effect of
1990) contained in these aqueous extracts. the aqueous extract, once this represented a
reduction of 19.6% in the mean weight of these
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caterpillars. In the treatment witB. saponaria damage effects (decrease in the mean weight,
agueous extract, the caterpillars presented iacrease in the mortality and smaller trypsin
significant reduction (10.59%) of the midgutactivity). The recovery by these caterpillars in the
trypsin activity, which might have generated afinal instars, originating pupae with same mean
physiological cost for the insect, since thoseweight of the control caterpillars, was surely
caterpillars presented a reduction around 70% iachieved at the cost of a metabolic damage.

the medium weight. Understanding the mechanism of action of the
Through the assays using the fecal material of thequeous extracts on the insect, important to would
insects, it was verified that there was no significanbe understand. It is also important to search
difference in the trypsin activity between theinsecticide molecules to generate new synthetic
caterpillars of the treatments control arid products and to obtain natural insecticides for
esculenta but for the treatmen$. saponariathe direct use, to produce commercial formulation
caterpillars presented a significant reduction ofAbudulai et al., 2003) or that can be expressed in
34.37%. These results indicated that the intestingllants acting as molecular defenses against
epithelium of the insect was not broken orherbivores insects (Peumans and Van Damme,
damaged by the action of the toxic substancet998).

present in the extracts that could provoke an

overflowing of enzymes onto the feces. ACKNOWLEDGEMENTS

SDS-PAGE showed that the products of digestion

of the caterpillars presented the same hydrolyzig/e thank FUNDECT (Fundacdo de Apoio ao
pattern in all the treatments, even for theDesenvolvimento do Ensino, Ciéncia e Tecnologia
caterpillars of the treatmen®. saponariathat do Estado de Mato Grosso do Sul), CNPq
presented the largest harmful effects. So, theg€onselho Nacional de Desenvolvimento
caterpillars, even at the cost of a lower trypsirCientifico e Tecnoldgico), FINEP (Financiamento
activity and lower mean weight, could maintain ade Estudos e Projetos/Ministério da Ciéncia e
pattern similar to the control caterpillars. Tecnologia) and PROPP/UFMS (Pro-Reitoria de
The pattern of total proteolytic activity of the Pesquisa e Pés-graduacéo da Universidade Federal
caterpillars midgut of all of the treatments wasde Mato Grosso do Sul).

obtained through SDS-PAGE with gelatin 0.1%

and confirmed the results of tlwe vitro assays of

the trypsin activity in the midgut. RESUMO

The total proteolytic activity in the fecal material

of the insects, obtained with SDS-PAGE gelatireste estudo procurou avaliar o potencial inseticida
0.1%, showed that although the material type dl@]os extratos agquosos de sementes Tadisia

not allow a definition of the areas of enzymaticesculenta(St. Hil.) Radlk (Pitombal) eSapindus
activity, it showed a similarity for the caterpillars saponaria L. (Saboneteira), ambas da familia
of the treatmenf. esculentaand a reduction for Sapindaceae, sobr8podoptera frugiperdaJ.E.

the S. saponariareatment when compared to thesmith) (Lepidoptera: Noctuidae), importante praga
profile of the control caterpillars. When theda lavoura de milho. As folhas de milho foram
samples were incubated with the inhibitor TLCK,imersas nos tratamentos com extratos aquosos (1%
it was confirmed that the product of digestion ofp/v) e oferecidas como alimento para as lagartas.
the caterpillars of all the treatments had contacds resultados do periodo larval tais como
with the trypsin enzyme, observed by the decreasfortalidade e peso médio foram respectivamente:
of the proteolytic activity. The results obtalnedpara S. saponaria63,15%, 86,65 mg; pard.

with thein vitro trypsin assays suggested that thesculenta26,71%, 237,50 mg e para o controle
insect did not have intestinal epithelium broken on1 3%, 293,45 mg. A eletroforese com gelatina
damaged to interrupt the process of enzymes cycfg19 mostrou duas regides brancas muito nitidas
that usually occurred in the insect midgut (Terrgatividade triptica) no intestino médio das lagartas
and Ferreira, 1994). So, it did not provoke ame todos os tratamentos. Somente as lagartas do
increase of enzymatic activity in the feces that itratamentoS. saponaria apresentaram diferencas

would indicate an overflowing. . significativas, com uma atividade triptica 10,59%
The results showed that the caterpillars of thenenor.

treatment withS. saponarigpresented the largest
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