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ABSTRACT: Aiming to evaluate the effects of Solanum sisymbriifolium extracts on the development of Spodoptera frugiperda,

a leaf dichloromethane extract was obtained and subjected to further purification following a bioguided methodology. The

structure of the two main compounds isolated from S. sisymbriifolium Type IV glandular trichomes have been completely

elucidated by a combination of chemical and spectroscopic methods. They are glycosides of 3-(R)-hydroxypalmitic acid and xylo

(B-1-5) furanoarabinoside (Compound 1) and its 3-O-palmitoyl derivative (Compound 2). These compounds greatly influenced

the survival and the development of S. frugiperda, when compared to an in vitro test control. The extracts delayed the

development, decreased survival and promote abnormalities in the immatures (larvae and pupae). They also showed increasing

toxicity towards S. frugiperda in the purification following a bioguided fractionation. The pure compounds had the most

deleterious activity, increasing the larval and pupal toxicity (100% mortality for Compound 2 at 2.50 mg mL* and 90% mortality

for Compound 1 at 1.00 mg mL™1).

1. Introduction
1.1. Solanum sisymbriifolium

Solanum sisymbriifolium L. is a spiky, perennial
and invasive weed, native from the Rio de la Plata
basin. By visual inspection, the shrub is almost free
of herbivore insects. Interactions between plants
and insects within an ecosystem are essentially
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physicochemical’. The insect is either attracted or
repelled towards a plant, following complex and
specific physicochemical cues’. S.
sisymbriifolium’s epicuticle shows a very complex
structural morphology, dense arrays of different
kinds of hairs cover the abaxial and adaxial sides
of the leaf®. Glandular trichomes are another
physical/chemical defense line that contain
preconceived compounds that are released when
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the trichome is broken by some external stimulus.
Because of this, the content of the trichomes is
extracted with the epicuticular wax of the leaf”.
However, it is possible to differentiate the origin of
these compounds analyzing only the content of the
glandular trichomes®. Epicuticular wax is removed
from the surface of the leaves using non-polar
solvents for a short period (normally 30 s) in order
not to remove internal lipids®’. Trichome
compounds can be separated from waxes by
freezing out an acetone solution of the epicuticular
extract. Trichome chemistry is diverse and many
bioactive metabolites have been isolated from these
storage structures, such as terpenes, alkaloids,
phenols, flavonoids and sugar esters. In most cases,
the shape and morphology of trichomes is
characteristic of the type of compounds they
contain®®. Visual inspection of S. sisymbriifolium
leaf under the microscope, allowed the
identification of type IV trichomes, which are the
predominating ones over the abaxial side of the
leaf. These trichomes are known for producing
many bioactive compounds especially acyl sugars,
compounds which play a key role within some of
the chemically mediated interactions of many
Solanaceae plants and their environment. Among
the different bioactivities reported such as anti-
hypertensive, analgesic, anti-diarrheic, antioxidant
and antibacterial’®'*, some anti-insect properties of
the compounds have been described in literature®.

1.2. Spodoptera frugiperda

Spodoptera  frugiperda is an endemic
Lepidoptera all over the American continent that in
the last decade has reached Africa, Europe and
India and probably in some years will invade all the
countries around the world™. It is considered as a
key-pest and its larvae attack more than 350 plants
belonging to 76 plant families, mainly Poaceae
including cultivated plants as corn, rice, soybeans
and cotton'"*®, Rapid development and fertility
allow S. frugiperda to have a high number of
offspring (2.086 x 10 individuals/female/
year)'*?° Only in Brazil it is responsible for losses
of over $ 40 million per year?’. As these larvae
attack a wide variety of plants is difficult to develop
an effective control strategy?’. Caterpillars are
usually controlled with chemicals that can be
harmful to the applicators and the environment and
in several cases, remain in soil and plants causing
biological unbalance and generating the
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appearance of resistant populations®. Moreover,
these chemicals affect negatively the food safety.

In larval phase, insects choose appropriate food
to obtain nutrients that favor their growing and
development into sexually competitive adults. In
field conditions S. frugiperda complete
development cycle has a 30-day duration, with six
instars, a larval phase of 14 days and pupae size of
14-18 mm with a duration period of 8-9 days when
growing at 25 °C but when reared on artificial diets,
the larval phase is shorter as well as the pupal
phase®.

In the present communication the chemical
composition of the exudates from S.
sisymbriifolium type IV trichomes and the
bioactivity of the extracts isolated compounds
towards Spodopera frugiperda is reported.

2. Experimental
2.1. General

GC was performed using an HP 6890
chromatograph — Mass Selective Detector 5973,
Split Mode, Tinj: 290 °C, Tinterphase: 280 °C, Tsource:
230 °C, Tquadrupole: 140 °C. Constant flow, Capillary
HP-5 column, Carrier: Helium. Temperature
program: Ti: 60 °C, 5 min, 5 °C mint until Tr 270
°C, 5 min. The compound identification was done
by comparison with the NIST-05 library.

NMR experiments (*H and *C, mono and bi
dimensional) were performed using a Bruker
Avance 400 and 100 MHz respectively, using
CDCl; as solvent and TMS as internal reference,
using the standard sequences for the bidimensional
experiments.

The MALDI-TOF/MS spectra were obtained
using a Voyager DE-PRO instrument (Applied
Biosystems), with 4-cyanohydroxycinnamic acid
as matrix.

The absolute configuration of 3(R)-
hydroxypalmitic acid was performed using a Kriiss
P8000 polarimeter (Krlss Optronic) equipped with
software V3.0 using 5 cm cells.

All reagents were Sigma Aldrich analytical
grade. The thin layer plates were Polygram
Sil/UV254 0.25 mm Layer (Macherey-Nagel), and
the mobile phase used was CHCIlz/MeOH (9:1). All
extracts were concentrated under reduced pressure
with temperatures below 60 °C.

The dyeing reagents used were:

1) 5% de CuSO. in 10% aqueous solution of
H3PO..
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2) Sugar dyeing reagent:
Diphenylamine:Aniline:Phosphoric ~ Acid  in
Acetone.

2.2. Plant Material

S. sisymbriifolium samples were collected in
Montevideo, Uruguay (-34.888761, -56.185015),
they were identified and kept at the Jose
Arechavaleta Herbarium in the Faculty of
Chemistry, UdelaR, Uruguay (Voucher number
3520).

2.3. Extracts

The extraction method was performed
following Rech-Cainelli et al. 2015*, where 300 g
of fresh leaves were immersed portion wise in 1000
mL of dichloromethane for 30 s in order to extract
only epicuticular waxes compounds. The
dichloromethane solutions were evaporated under
reduced pressure to dryness (Dichloromethane
extract). To yield the enriched fraction of sugar
esters, 1 g of the previous extract was dissolved in
acetone (100 mL) and the solution was cooled to
-20 °C and kept overnight at this temperature. The
resulting precipitate was discarded and the acetone
extract was evaporated under reduced pressure to
dryness (Dichlormethane/acetone extract).

2.4. Bioguided fractionation

The phytochemical study was done following a
bio-guided fractionation, using the enriched
fraction of sugar esters and the composition of the
different fractions was evaluated by TLC. Open
column chromatography was performed with the
dichloromethane/acetone extract in order to isolate
the two major sugar esters. 1 g of the extract was
used into a 50 g of silica Gel (Baker 60-200 Mesh)
column, and a total of 250 (10 mL) fractions were
collected using an increasing polarity solvent
mixture until the isolation of compounds 1 and 2.

The identification of Compounds 1 and 2 fatty
acids was done following the methodology
proposed by Heinzen et al. (1985)%.
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2.5.  Absolute
hydroxypalmitic acid

configuration  of  3(R)-

The methyl ester of the glycoside 2 (10 mg) was
kept under stirring overnight at RT in 3 mL of 10%
HCI in MeOH. A mixture of dichloromethane:
water 1:1 (10 mL) was added and the phases
partitioned through centrifugation. The polarized
light deviation of the dichloromethane solution was
measured and the {a} D calculated.

2.6. Evaluation of S. sisymbriifolium extracts
bioactivity over S. frugiperda

The larvae were reared following the
methodology described by Montezano et al.
(2019)*°. They were fed with artificial diet® and
maintained under controlled conditions (25 £ 2 °C,
70 £ 10% RH and photoperiod of 14 h) at the
Biotechnology Institute, Universidade de Caxias
do Sul, Brazil.

The extracts were diluted in Tween-80 (5%) and
mixed with the diet until total homogenization.

The bioassays were performed with 1 cm?® diet
blocks spiked with the test solution at 0.25, 1.00
and 2.50 mg mL* levels and a control group, in 50
mL plastic glasses. Neonate larvae were placed
individually (each one was considered a repetition)
in the plastic glasses for the assays.

Two bioassays were performed: the first one
used 700 newborn larvae (100 replicates for each
condition) to evaluate the effect of the three levels
of extract 1 (E1 at 0.25, E1 at 1.00 and E1 at 2.50
mg mL?) and the three levels of extract 2 (E2 at
0.25, E2 at 1.00 and E2 at 2.50 mg mL™1), besides
the control group.

The second bioassay used 210 newborn larvae
(30 replicates for each condition) to evaluate the
effect of the three levels of Compound 1 (C1 0.25,
C11.00 and C1 2.50 mg mL™) and three levels of
Compound 2 (C2 0.25, C2 1.00 and C2 2.50 mg
mL1), besides the control group.

All the replicates were observed individually
until the moth emergence (adult), registering the
daily survival and adult malformations.

2.7. Statistical analysis

The average survival time curves (larvae to
adult) were elaborated using Kaplan-Meier
estimator and comparisons between survival
curves were made using Log Rank test with R
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version 3.5.1°". The curves were compared
between each extract and each compound.

3. Results and Discussion

The addition of S.  sisymbriifolium
dichloromethane extract (E1) and
T~
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dichloromethane/acetone extract (sugar esters
enriched extract) E2 at 0.25, E2 at 1.00 and E2 at
2.50 mg mL*concentrations to the diet affected the
development of S. frugiperda, effect that can be
verified by the survival curves (Fig. 1).
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Figure 1. Survival curves of immature Spodoptera frugiperda (larvae, prepupae, and pupae) from larvae reared on
artificial diet spiked with dichloromethane extract E1 (a) and E2 (b). Continuous line control (without extract); dashed
line (large dashes) extract at 0.25 mg mL™%; dashed line (short dashes) extract at 1.00 mg mL"* and dotted line extract at
2.50 mg mL. Note that the curves stopped at the percentage of adults emerged (Log Rank test, y 2 = 110-118, df =3, p

< 0.001) see Table 2.

The larvae fed on artificial diet with
dichloromethane extract (E1) showed a survival
percentage of 85% (0.25 mg mL™1), 48% (1.00 mg
mL?) and 38% (2.50 mg mL™?) (Fig. 1a), in a dose
dependent mortality effect (Fig. 1).

The larvae fed on artificial diet with
dichloromethane / acetone extract (E2) showed
greater effects on survival of S. frugiperda with
ratios of 72% (0.25 mg mL™), 45% (1.00 mg mL™)
and 29% (2.50 mg mL1) (Fig. 1b), also with a dose
dependent mortality effect (Fig. 1). Because E2
showed a greater toxic overall effect and this
extract was further fractionated.

It was assumed that the decreased insect
survival could be related to compounds from type
IV glandular trichomes which were isolated with
the leaf wax and subsequently purified in the
dichloromethane/acetone extract. These types of
compounds are acyl sugars, with known bioactivity
against insects and fungi®>#=°,
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Two major acyl sugar derivatives were isolated
after silica gel column chromatography, visualized
in TLC plates with the Sugar dyeing reagent (Rs =
0.3 and 0.25).

The structure of both isolated compounds was
totally elucidated by NMR and GC as described in
experimental section. In previous works, Cesio et
al. (2006)" reported a rough description of the
structure of acyl sugar methyl esters, not the
naturally occurring compound. The fatty acid
composition was determined by GC/MS of the
methy| esters derivatives. The whole structure was
proposed using the GC alditol analysis combined
with the HMBC NMR experiment. The structure of
the occurring natural product, the non-esterified
compounds, was deduced after a thoroughly study
of the MALDI-TOF/MS spectrum, and additional
bidimensional NMR experiments.

Basic hydrolysis of Compound 2 yielded only
palmitic acid. On the other hand, its exhaustive acid
hydrolysis yielded two pentose residues, and a

Eclética Quimica Journal, vol. 45, n. 2, 2020, 33-43
ISSN: 1678-4618
DOI: 10.26850,/1678-4618eqj.v45.2.2020.p33-43


https://doi.org/10.26850/1678-4618eqj.v45.2.2020.p33-43
https://doi.org/10.26850/1678-4618eqj.v45.2.2020.p33-43

Original article

levorotatory B-hydroxy fatty acid, identified as 3-
(R) hydroxypalmitic acid after GC-MS analysis
and the comparison to literature values of the
optical properties of 3-hydroxy acids. The pentoses
were identified through alditol analysis as
arabinose and xylose in a 1:1 relationship. These
findings suggested a compound having the
structure of a glycoside of an arabinoxylan linked
to the hydroxypalmitic acid and esterified with
palmitic acid, Further confirmation was obtained
through MALDI-TOF/MS analysis of the methyl
ester of the glycoside, which detected a neat
m/z=797.5392 [M + Na]* peak, and smaller one at
m/z=775.5574 [M + H]*. The final structure
determination of Compound 1 was achieved
through NMR experiments. A complex pattern of
13C and *H NMR signals of a disaccharide spectra
was obtained for Compound 2. A detailed analysis
of 3C spectra of Compound 1 yielded two carboxyl
carbons at =177 ppm and a signal at 6=107.8 ppm,
characteristic of an arabinofuranoside
conformation. The other anomeric carbon was
detected at 6=104.2 ppm, consistent with a
carbohydrate in the pyranose conformation. The
signals corresponding to 9 C-O resonances
appeared between 6=60 and 6=80 ppm. Finally,
two signals at =14 and 6=17 ppm that correspond
to the methyl groups of the fatty acid chains that
substituted the arabinofuranose carbohydrate
framework were also detected. The 'H NMR
spectra of Compound 1 showed a region of
methylenic protons between 6=1 and 6=2 ppm, a
multiplet at 6=2.8 ppm which are consistent with
the alpha protons of a B-hydroxyacid and another
multiplet centered at 6=2.2 ppm corresponding to
the protons alfa to the acyl residue attached to the
dissacharide. The sugar protons appeared between
6=3.2 and 6=5.2 ppm. Bidimensional NMR
experiments allowed the full characterization of the
molecule. The HSQC-TOCSY experiment showed
four spin systems. The two carbohydrate residues
were clearly differentiated. The two anomeric
carbons were detected at 5=107.8 ppm and 6=104.2
ppm in the C NMR spectrum, the
monosaccharide units with anomeric protons at
0=5.2 and 4.45 ppm (J=5.4) corresponded to two
pentoses with their methylene carbons at $=68.7
and 6=65.8 ppm, respectively, and were identified
as a-L-furanoarabinose and B-D-xylose. The third
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spin system belonged to the fatty acid residue
attached to the disaccharide. Whereas the fourth
spin system corresponded to a [B-hydroxy
carboxylic acid system 6=4.11, 2.8 ppm aligned
through the °C signal at (6=74.1). COSY !H-'H
connectivity allowed the unambiguous assignment
of all protons and therefore the identification of the
structure of each monosaccharide (Tab. 1). The
HMBC experiment gave the intramolecular
connectivity that allowed the final structure
elucidation of Compound 1. Cross peaks between
araf C-1 (6=107.8) H-3 of hydroxypalmitic
(0=4.11) and C-3 (6=74.1) of hydroxypalmitic and
the anomeric signal of araf (5.15); between C-1
(6=177) of palmitic acid and araf H-3 (6=4.11)
showed the substitution of the arabinose residue. A
third group of cross peaks were detected between
the C-5 of araf (6=68.7), and H-1 xyl (6=4.20); the
geminal protons H-5 araf (6=4.07; 3.80) and the C-
1 (6=104.2) of the terminal xylose unit. They were
indicative of a glycosidic linkage between the
anomeric carbon of the xylose residue and the C-5
araf- geminal protons, showing the xylo-p-1-5-
araf- structure of Compound 1°. Based on the
above discussed data, we propose that the
Compound 2 structure is the 3-araf- palmitate of.
[3-(R)-hydroxypalmitic acid] (araf-1)->xylo (B1-
5) furanoarabinoside, (Fig. 2).

The structure of Compound 2 was deduced
comparing the spectral data and chemical
properties of Compound 1. The acid hydrolysis of
Compound 2 gave the same carbohydrate and
hydroxy acid residues as for Compound 1 but no
palmitic acid was detected after basic hydrolysis.
MALDI-TOF/MS spectrum showed a peak at
m/z=559.3095 [M +Na]* which is consistent to a
disaccharide of xylose and arabinofuranose with a
3-(R) hydroxypalmitic acid. *C NMR spectrum
showed only the signal at 6=14 ppm from one
methyl group and only one signal at =176 ppm
was detected. The signal at 6=4.2 ppm had shifted
to 6=3.6 ppm, indicating that Compound 2 is the
unesterified glycoside of Compound 1.
Bidimensional NMR experiments (HSQC-
TOCSY, H-'H COSY, HMBC) were consistent
and confirmed Compound 1 as [3-(R)-
hydroxypalmitic acid] (araf-1) and xylo (B1-5)
arabinofuranoside (Fig. 2).
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Table 1. *H and **C relevant assignments of the glycosidic template of Compound 1 and 2 using 1D and 2D
NMR experiments with a 100 MHz field in CDCls.

104.2

4.45 (J=2.7 Hz) 5.06 (J = 5.4 Hz)

3.45 (J = 3.5, 2.7 Hz) 76.8 3.93 (J=7.1,5.4 Hz) 76.2
3.35 (J = 3.5 Hz) 73.7 3.99 (J = 7.1, 4.4 Hz) 76.4
3.62 (J=3.5,2.9, 2.7 H2) 69.9 3.98 (J = 4.7, 4.4 Hz) 83.2
3.23 (J=13.3, 2.9 Hz) 4.02 (J = 4.7 H2)
65.8 68.7
3.92 (J=13.3, 2.7 Hz) 3.75 (J = 4.7 H2)

e 4.45 (3= 2.7 Hz) 104.2 5.15 (J= 5.4 Hz) 107.8
ez 3.45 (J=35,2.7 Hz) 76.8 4.05(=17.1,5.4 Hz) 80.4
3 3.35 (J=35Hz) 737 490 J=17.1, 4.4 Hz) 80.2
4 3.62 (J=135,2.9, 2.7 Hz) 69.9 4.15(J=4.4,43 Hz) 83.1
3.23 (J=13.3,2.9 Hz) 4.07 (3= 4.3 Hz)
65.8 68.7
3.92 (J=13.3,2.7 Hz) 3.80 J=4.3 Hz)
H R=H Compound 1
R= 0OC,cH3, Compound 2
Ci3Has
OR
0 @) oh
_H O
H
H
OH
Figure 2. Molecular structures of Compounds 1 and 2.

Summarizing we postulate that the structures of acid Cu2H7s012 [M+Na]* = 797.5392 Calculated
the acyl sugars from S. sisymbriifolium are: 797.5391.

Compound 1: xylo (B-1-5) furanoarabinoside Furthermore, the biological activity of the two
(a-1-3)3-(R)-hydroxypalmitic  acid  CzsHagOu1. isolated compounds was studied in bioassays
MALDI-TOF/MS  [M+Na]* = 559.3095. conducted on artificial diet spiked with them. The
Calculated 559.3094, and for Compound 2: 3-O results are shown in Fig. 3. Tables 2, 3 and 4 show
araf- Palmitic acid ester of xylo (B-1-5) the results of the Log Rank test with the c? values
furanoarabinoside  (a-1-33-(R)-hydroxypalmitic for the different situations at different confidence

levels. This test is the preferred one to compare if
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the survival of populations when exposed to during the bioassays. Furthermore, the toxicity of
different stressors are independent events or not. the pure compounds was also significantly higher
All the compounds and extracts caused than that caused by the crude extracts (see Tab. 4).

significantly higher mortality than the control
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Figure 3. Survival curves of immature Spodoptera frugiperda (larvae, prepupae, and pupae) from larvae reared on
artificial diet spiked with Compounds 1 (a) and 2 (b). Continuous line control (without extract); dashed line (large dashes)
0.25 mg mL; dashed line (short dashes) 1.00 mg mL* and dotted line 2.50 mg mL™. Note that the curves stopped at the
percentage of adults emerged (Log Rank test, y 2 =38-51, df =3, p < 0.001) see Tab. 3.

Table 2. Chi-square and p-values from Log Rank test for comparison between survival curves of Spodoptera

frugiperda (larvae, prepupae, and pupae) from larvae reared on artificial diet spiked with dichloromethane
extract E1 and E2.

General comparison among all curves 110 1 <0.001 118 0 <0.001
Control x 0.25 mg mL* 1 5.5 =0.020 18.9 <0.001
Control x 1.00 mg mL"* 54.2 <0.001 60.8 <0.001
Control x 2.50 mg mL™! 75.9 <0.001 98.4 <0.001
0.25 mg mL*x 1.00 mg mL* 29 4 <0.001 16 1 <0.001
0.25 mg mL*x 2.50 mg mL* 49.1 <0.001 43.3 <0.001
1.00 mg mL* x 2,50 mg mL™! =0.050 =0.006
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Table 3. Chi-square and p-values from Log Rank test for comparison between survival curves of Spodoptera
frugiperda (larvae, prepupae, and pupae) from larvae reared on artificial diet spiked with Compounds 1 and 2.

General comparison among all curves 3 38.2 <0.001 58.9 <0.001
Control x 0.25 mg mL* 1 9.3 =0.002 12.7 <0.001
Control x 1.00 mg mL"* 1 20.9 <0.001 26.1 <0.001
Control x 2.50 mg mL™! 36.7 <0.001 48.4 <0.001
0.25 mg mL* x 1.00 mg mL* —0 100 =0.100
0.25 mg mL* x 250 mg mL* 10 6 =0.001 21 2 <0.001
I P cmper P
1.00 mg mL*x 2.50 mg mL™* =0.100 =0.003

Table 4. Chi-square and p-values from Log Rank test for comparison between survival curves of Spodoptera
frugiperda (larvae, prepupae, and pupae) from larvae reared on artificial diet spiked with extracts 1 and 2 and
Compounds 1 and 2 at each concentration.

0.25 mg mL*? =0.030
1.00 mg mL* <0.400
2.50 mg mL? <0.100
_-__
0.25 mg mL™* =0.500
1.00 mg mL* 0 5 =0.500
2.50 mgmL™* 1 4.7 =0.030
It was observed that compounds 1 and 2 at There is no evidence of sugar esters acute toxicity
concentrations of 0.25, 1.00 and 2.50 mg mL?* to insects, and the intake may be a prerequisite to
affected the development of S. frugiperda. The detect the deleterious effects of these compounds®?.
observed mortality was concentration-dependent As observed in other studies evaluating effects
for compound 1 and 2 (Fig. 3). After 40 days of of plant extracts on S. frugiperda development®-°,
evaluation, Compound 1 did not reach 100% in all treatments, beyond mortality, were observed
mortality with the higher evaluated concentration. abnormalities in  immatures that  which
But Compound 2 achieved 100% mortality qualitatively demonstrate the effects of extracts and
evaluated in the same condition after 15 days of compounds on the development of S. frugiperda.
experiment. The isolated compounds, evaluated at the same
Moreover, the overall number of insects concentration levels, were more toxic than the
reaching the adult phase were 46.29% (0.25 mg crude extracts assayed and caused noticeable
mL™?), 15.27% (1.00 mg mL™1) and 3.46% (2.50 mg abnormalities in the metamorphosis phase. The
mL) for Compound 1 (Fig. 3). abnormalities that resulted in the interruption of the
When Compound 2 was evaluated, the survival metamorphosis process have similar characteristics
observed percentages were 36.72% (0.25 mg as those already described for lefenuron, which acts
mL?), 11.11% (1.00 mg/mL) and zero (2.50 mg as an insect’s growth regulator®®.
mL?) (Fig. 3).

S. frugiperda feeding behavior as a
polyphagous insect requires large amounts of food
for their development to reach the adult stage.
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4. Conclusions diet, a significant effect was observed in the
metamorphosis phase, as many of the exposed
The two evaluated extracts increase the caterpillars failed to accomplish the transformation
immature mortality of S. frugiperda. This effect to reach the pupal stage. See Fig. 4a, 4b, 4c. With
could be related to the individual acyl sugars tested. Compound 1, the rates of mortality of the insects
The dichloromethane / acetone extract (sugar failing to survive the larval to pupal phase
ester enriched extract) E2, highly affected the transition were 27% (1.00 mg mL™) and 53% (2.50
larval survival rather than the pupal. mg mL™?). The mortality of the insects that could
The response was dose dependent and the major not complete their metamorphosis was 17% (0.25
compounds (1 and 2) from this extract were mg mL*) and 50% (mg mL™?), both compounds
isolated and their structures elucidated. showed important effects over the larval stage. See
When the pure compounds were added to the Fig. 4d and 4e.
(a) (b) ()

Figure 4. Abnormalities found in S. frugiperda larval stage when fed with artificial diet spiked with Compound 2 (a, b &
¢) and with Compound 1 (d & e).
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