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Spodoptera frugiperda (J. E. Smith) (Lepidoptera: Noctuidae)*
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The biological activity of seven extracts from leaves of different Jatropha curcas L (Euphorbiaceae) accessions was evaluated on
Spodoptera frugiperda. Methanol extracts were incorporated into an artificial diet and offered to the larval stage of S. frugiperda.
The parameters evaluated were length of larval and pupal stages, mortality of larval and total cycle stage, and weight of pupae.
The extracts of the EMB accessions showed the best result for larval mortality at 60.00 and 56.67%, compared with the control,

respectively. Hexane partition of the methanol extract of the leaves of PM-14 accessions allowed the identification of phytosterols,

phytol and n-alkanols.
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INTRODUCTION

The fall armyworm Spodoptera frugiperda (J. E. Smith)
(Lepidoptera: Noctuidae) is the most prevalent pest in corn crops
and can reduce corn production by up to 34%, depending at which
cultivation growth stage the attack occurs.! Fall armyworm larvae
are usually controlled using pesticides such as piretroids and organo-
phosphates when defoliation is noted in the field. > However, there
are many problems associated with the use of pesticides, mainly the
possibility of resistance, reduction of insect predators and parasitoids
that interfere in natural control.! New alternatives must be pursued
including botanical insecticides. These insecticides of botanical
origin may represent an effective alternative to persistent synthetic
insecticides, since their advantages are low mammalian toxicity, lack
of neurotoxic action, low persistence in the environment and high
biodegrability.?

The family Euphorbiaceae contain toxic compounds that can be
used as insecticides.* The Jatropha curcas species (Malpighiales:
Euphorbiaceae) is a drought-resistant shrub that is well adapted to arid
and semi-arid conditions, being a viable plant for family agriculture
in the North and Northeast regions of Brazil. Furthermore, this plant
has a high agro-industrial potential because the oil extracted from its
seeds can be used for biodiesel production.’

The seeds of J. curcas are toxic to both humans and animals
precluding their use in foodstuffs.® This toxicity of the seed is attri-
buted predominantly to the phorbol-type diterpene esters which they
contain at high concentrations.” Previous studies on leaves of this
plant have investigated the isolation of flavonoids,® sterols,” poly-
prenols,'® besides saprophytic fungal activity,'' larvicidal activity,'
and molluscicidal activity.” As a part of an ongoing study toward
biorational control of S. frugiperda,'* the aim of the present work
was to chemically investigate and evaluate the insecticidal activity

*e-mail: djbf @ufscar.br
#Artigo em homenagem ao Prof. Otto R. Gottlieb (31/8/1920-19/6/2011)

of extracts from the leaves of J. curcas accession (bout) against the
larvae of fall armyworm under laboratory conditions.

EXPERIMENTAL
Botanical material

Leaves of six accessions, named PM-2, PM-7, PM-10, PM-11,
PM-12 and PM-14, of Jatropha curcas L. were collected in January
2009 (for fresh leaf studies) and March 2009 (for air-dried leaf stu-
dies), from the Germoplasm Bank of the Agronomic Engineering
Department of the Federal University of Sergipe, Sao Cristdvao,
Brazil. Leaves of an accession of a J. curcas specimen (called EMB)
were collected in October 2008, from the Experimental Campus of
the “Embrapa Tabuleiros Costeiros”, in the Municipality of Umbatba,
Sergipe, Brazil. A voucher specimen (JCO14URVES) was deposi-
ted at the Federal University of Sergipe Herbarium in the Biology
Department.

Preparation of the extracts

Leaves, air-dried by 5 days, and fresh leaves of each J. curcas
accession were triturated and extracted separately at room tempera-
ture with methanol (1:4 w/v) by maceration for 5 days. The solutions
obtained were filtrated through analytical filter papers and solvents
removed under reduced pressure to give the correspondent crude
extracts of fresh and air-dried leaves (Table 1). The extraction steps
for each accession were repeated twice.

Isolation and identification of the chemical constituents

Part of the crude leaf methanol extract (5.02 g) from PM-14 J.
curcas accession was suspended in 150 mL of a solution containing
MeOH:H,O (9:1) and extracted successively with hexane (3 x 150
mL), CH,Cl, (2 x 150 mL), and EtOAc (3 x 100 mL) yielding 0.67,
0.29 and 0.11 g of the respective partitions and the hydroalcoholic
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Table 1. Methanolic extracts prepared from fresh and dried leaves of J.
curcas accessions

Fresh leaves Dried leaves

Accession
Plant mass ~ Extract mass  Plant mass  Extract mass
(& (& (& (&

PM-2 227.7 10.7 123.8 10.9
PM-7 87.7 4.6 123.7 4.6
PM-10 179.0 5.1 2421 12.6
PM-11 271.8 8.7 149.3 9.4
PM-12 249.2 7.8 1343 9.4
PM-14 233.0 3.7 185.7 9.8
EMB 83.4 2.6 127.5 6.3

extract (1.35 g), after solvent evaporation. Part of this hexane parti-
tion (0.4 g) was subjected to silica gel column chromatography,
eluting with hexane, EtOAc and MeOH in a gradient manner to
yield thirty-eight subfractions. The eleventh fraction (31.9 mg) was
further purified by preparative thin-layer chromatography (TLC) with
hexane-EtOAc (90:10, v/v) and 10 drops of MeOH as the mobile
phase to yield the fraction 1 (14.9 mg). Following the same procedure,
the seventh fraction (20.0 mg) was further purified by preparative
thin-layer chromatography (TLC) with hexane-EtOAc (90:10, v/v)
as the mobile phase to yield fraction 2 (4 mg).

Fractions 1 and 2 were investigated by gas chromatography-mass
spectrometry (GC/MS) and the compounds 1-3 (fraction 1) and 4-7
(fraction 2) were identified in these fractions. Analysis was carried out
on a Shimadzu QP5050A device with a capillary column DB5-MS
(30 m x 0.25 mm, 0.25 um film thickness). Temperature program:
180 °C (held for 1 min) to 300 °C at a heating rate of 20 °C min’'
(held for 5 min), then raised from 300 to 320 °C at a heating rate
of 5 °C min™' (held for 10 min). Helium was used as the carrier gas.
The interface was set at 280 °C and the ionization voltage was 70 eV
(electron impact mode). Fractions 1 and 2 were also analyzed by 'H
and *C NMR spectroscopy on a BRUKER DRX 400 device using
CDCI, as a solvent and TMS as an internal standard.

Derivatization

For the silylation reaction, 100 L. of N,O-Bis(trimethylsilyl)
trifluoroacetamide (BSTFA, >99% Sigma-Aldrich) was added to
fraction 2 and then left at room temperature (~30 °C) for 1 h. The
residue was taken up in 250 pL of dichloromethane and then analyzed
by GC/MS. The identification of silyl derivatives was performed by
comparison with reported mass spectra, interpretation of fragmenta-
tion patterns and gas chromatographic retention indices.'>

Biological bioactivity

Larvae of S. frugiperda were obtained from the Insect Bioassay
Laboratory of the Federal University of Sdo Carlos, Brazil, and reared
on artificial diets.!!8 They were maintained in an incubation chamber
with a light phase of 12:12 h L:D, 70 £ 5% relative humidity and
temperature of 25 £ 1 °C. For each treatment and control, 30 neonate
larvae of S. frugiperda were used. The methanolic extracts were added
to ascorbic acid (1.56 g; an ingredient of the diet). After evaporation,
the mixture was incorporated into the artificial diet in which bean and
wheat germ were the basic ingredients'” at a final content of 1000 mg
kg for the methanolic extract of J. curcas. The diet for the control
larvae was prepared similarly but with no extract. The diets were
placed in previously sterilized glass tubes (8.5 cm 2.5 cm) into which
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larvae of S. frugiperda were introduced individually. The resultant
pupae were weighed after pupation and transferred into plastics cups,
where they were kept until the emergence of adults. Daily observa-
tions were made and the following parameters evaluated: duration
of larval and pupal phases; weight of pupae and percentage of dead
insects (mortality) at the end of each phase.

Statistics

Data were submitted to analysis of variance ANOVA" and avera-
ges were compared by applying the Tukey test (P < 0.05). Each tube
containing one insect, independent of the development phase, was
considered as one replicate therefore the number of replicates was
different for each treatment. For evaluation of the mortality of the larval
and pupal phases, the experimental unit constituted the mean of five
tubes containing one larva each, with thirty replications per treatment.

RESULTS AND DISCUSSION

The analysis of fraction 1 by 'H and *C NMR?* and GC/MS?!
led to the identification of a mixture of the three known phytosterols
campesterol (1), stigmasterol (2) and B-sitosterol (3) (Figure 1), which
were similar to those found by Hufford and Oguntimein.’

Campesterol (1)

Stigmasterol (2) Sitosterol (3)

CH; CH; CH; CHj
CH;(CH,),CH,OH

X
CH OH Hexacosan-1-ol (5, n=24)
Phytol (4) Octacosan-1-ol (6, n=26)

Triacontan-1-ol (7, n=28)
Figure 1. Compounds isolated from leaves of Jatropha curcas L.

The identification of compounds from fraction 2 was based on
characteristic mass spectra fragmentation patterns of trimethylsilyl
(TMS) ether derivatives of the phytol (4) and alcohols, by comparing
the retention times and mass spectrum of an authentic sample. The
EI spectra of their TMS derivatives were identical to those of phytol
(4), hexacosan-1-ol (5), octacosan-1-ol (6) and triacontan-1-ol (7)
(Figure 1), respectively as was their retention index, generated with
a standard solution of n-alkanes (C,-C,,).">*

Methanolic extractions were conducted with fresh and air-dried
leaves (Table 1). Among the extracts of fresh leaf accessions tested,
only PM-12 and PM-14 revealed a statistical difference in relation
to the control. There was a shortening of 2.80 days in larval stage for
PM-12 and 1.06 days in pupal stage for PM-14, in comparison with
the control treatment, whose larval and pupal stages were 21.70 and
11.77 days, respectively. No statistically significant changes in pupal
weight and mortality were found in relation to the control (data not
shown). The EMB accession had the highest mortality in the larval
stage (60%) compared to the control while the other accessions
showed from moderate (16.66 to 13.33%) to low activity (10.00 to
3.33%, Table 2).

The period of larval stage submitted to methanolic extracts of air-
dried leaves of the J. curcas accessions showed statistically moderate
difference for PM-2, PM-7, PM-10 and PM-11, being 2.44, 2.18 and
2.49 days shorter than the control, respectively. Pupal period was
similar to the control whereas pupal mortality showed no statistically
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Table 2. Mean of larval and pupal period and larval mortality of S. frugiperda fed on artificial diet treated with bouts of fresh leaves, 1000 mg kg™, of J. curcas.
Temp.: 25 £ 1 °C; UR: 70 = 5% and photophase: 12 h

Ribeiro et al.

Quim. Nova

Treatment Larval period (days) (£EP)!  Pupal period (days) (£EP)!  Larval mortality (%)(£EP)!

Jatropha curcas Fresh leaves PM-2 20.00 = 1.95 be 11.70 + 1.03 ab 3.33+£5.77b
PM-7 19.00 = 0.91 be 11.54 + 1.14 ab 10.00 = 10.00 b
PM-10 20.38 +2.80 b 11.64 + 0.90 ab 1333 +5.77b
PM-11 19.33 + 1.04 be 11.62+1.13 ab 10.00 = 10.00 b
PM-12 1890+ 1.0l ¢ 11.04 + 1.14 ab 333+5.77b
PM-14 20.00 = 1.19 be 10.71 +1.40 b 16.67 +15.28 b
EMB 2258 +2.54a 1191 +1.22 ab 60.00 +20.00 a

Control 21.70 £ 2.15 ab 11.77£0.99 a 0.00 £ 0.00 b

! Means followed by same letter in column do not differ by Tukey test (P < 0.05).

Table 3. Mean of larval and pupal period and larval mortality of S. frugiperda fed on artificial diet treated with bouts of air-dried leaves, 1000 mg kg, of J.
curcas. Temp.: 25 = 1 °C; UR: 70 + 5% and photophase: 12 h

Treatment Larval period (days) (£EP)’ Pupal period (days) (£EP)! Larval mortality (%)(£EP)’
Jatropha curcas Air-dried fresh PM-2 19.26 £2.28 b 1096 £ 1.10b 10.00 = 10.00 be
PM-7 1952+ 147b 11.71 £ 2.15 ab 13.33 £15.27b
PM-10 19.26 £ 1.13 b 1227+123 a 30.00 £ 0.00 b
PM-11 19.21 £ 1.64 b 11.81 £ 1.33 ab 10.00 £ 0.00 be
PM-12 20.33 = 1.15 ab 11.15 £ 1.29 ab 6.67+5.77c
PM-14 22.15+2.03 a 11.12 £ 1.25 ab 60.00 + 10.00 a
EMB 1952+ 147b 1136 +1.21 a 56.67+5.77 a
Control 2170+ 2.15a 11.77 £ 0.99 ab 0.00 £ 0.00 ¢
! Means followed by same letter in column do not differ by Tukey test (P < 0.05).
significant difference. The larval mortality was higher for accessions n-alkanes for the retention index calculation.
EMB, PM-14 and PM-10 (56.67, 60.00 and 30.00%, respectively),
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