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Growth Inhibitory Effects on Fall Armyworm Spodoptera frugiperda
of Some Limonoids Isolated from Cedrela spp. (Meliaceae)
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Dichloromethane extracts of Cedrela salvadorensis and Cedrela dugessi afforded a photogedunin
epimeric mixture, gedunin and cedrelanolide. These compounds and the photogedunin epimeric
acetates 3 and 4 at the 23-OH position were evaluated against Spodoptera frugiperda. Toosendanin,
isolated from Melia azedarach, was used as a positive control. When tested for activity on neonate
larvae into the no-choice bioassays, gedunin, photogedunin epimeric mixture, and photogedunin
acetates mixture caused significant larval mortality with LCsg of 39.0, 10.0, and 8.0 ppm at 7 days,
respectively, as well as growth reduction. All the compounds tested inhibited larval growth, compared
to the control, in a concentration-dependent manner. In addition, it was possible to observe significant
reduced pupal weights and adult emergence. All the tested compounds except cedrelanolide showed

comparable activity to that of toosendanin.
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INTRODUCTION

New plant protection chemicals are needed for mod-
ern pest control management due to insect resistance
and ecological disorders associated with numerous cur-
rently used pesticides (Castillo et al., 1999). Additional
experimental work has been carried out with natural
products, which are potential models for defensive
substances against insect and fungal predators (Crom-
bie, 1999). Insecticides of botanical origin may offer a
source of agents for pest control (Berembaum, 1989;
Castillo et al., 1998; Crowley et al., 1998; Miyazawa et
al., 1998) and may be an efficient alternative to persis-
tent synthetic insecticides (Kubo et al., 1997). The
increasing interest in the possible application of second-
ary metabolites to pest management has directed the
investigation toward search for new sources of biologi-
cally active natural products with low mammalian
toxicity, lack of neurotoxic mode of action, low persis-
tence in the environment, and biodegradability (Jacob-
son, 1989; Singh et al., 1997), as well as to avoid the
development of resistance of the insect pest (Gonzalez-
Coloma et al., 1997). These characteristics may enhance
their value as botanical pesticides (Isman et al., 1995;
Gonzalez et al., 1998).

Several efforts to find new pesticides are currently
being focused on limonoids from the Meliaceae family
due to their potent effects on insect pests and their low
toxicity to nontarget organisms (Koul et al.,, 1992;
Kumar et al., 1996; Singh et al., 1997). Although the
Meliaceae are widely distributed in the world, only some
genera, among them Melia, Toona, Cedrela, Swietenia,
Guarea, and Trichilia, have been investigated for
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metabolites with insecticide effects (Champagne et al.,
1992; Segura et al., 1993; Kraus et al., 1993; Kubo, 1993;
Chan et al., 1996; Jimenez et al., 1997). Azadirachtin
is the best known example of these limonoids, isolated
from Azadirachta indica (Ramji et al., 1996) and Melia
azedarach (Champagne et al., 1989). This compound and
its analogues are potent insect antifeedant and ecdysis
inhibitors (Kraus, 1995). However, the structural com-
plexity of this compound precludes its synthesis on a
commercial scale (Isman, 1996). These facts led us to
search for new simpler secondary metabolites with
insecticide activity from other Meliaceae plants, such
as Cedrela spp.

From this genus, a number of limonoids have been
isolated belonging to gedunin-type compounds. This
group of limonoids consists of natural products which
have been formed from azadirone and its derivatives via
ring expansion by a Baeyer—Villiger-type reaction to
give ring D lactones, having a 4,4,8-trimethyl-17-furanyl
steroid skeleton (Kraus, 1995). Examples include gedu-
nin, photogedunin, odoratin, odoratone, odoratol, ce-
drelanolide, mexicanolide, hydroxytirucalane, and isood-
oratol. Several of these compounds have been isolated
from the Mexican species Cedrela oaxacensis (Lopez,
1996), Cedrela odorata (Mezquita et al., 1997) and
Cedrela salvadorensis Standley (Meliaceae) (Segura et
al., 1994; Toscano et al., 1996; Céspedes et al., 1998).
These plants are small trees and shrubs which grow on
the dry Pacific slope ranging from Jalisco to Chiapas in
Mexico, through Central America to northern Panama.

A phytochemical study of C. odorata led to the
isolation of C-23-epimeric photogedunin 1 and 2 (Figure
1) (Burke et al., 1969) without determination of the
stereochemistry at C-23. We have previously reported
the isolation of both epimers as a mixture from C.
salvadorensis, the synthesis of the epimeric acetates 3
and 4 (Figure 1) (Céspedes et al., 1998), and the
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Figure 1. Chemical structures of limonoids.

isolation from C. ciliolata of the pure separated epimers
(Céspedes et al., 1999).

We have previously described the inhibition of ger-
mination and respiration of mono and dicot seeds and
electron transport carrier of spinach chloroplasts by
photogedunin epimeric mixture 1 and 2 (8 + a) and
photogedunin acetate epimeric mixture 3 + 4 (5 + o)
(Céspedes et al., 1998, 1999). Gedunin 5 has been found
to act as an inhibitor of photophosphorylation in spinach
chloroplasts and have antimalaric and larval growth
properties against Ostrinia nubilalis (Achnine et al.,
1999; MacKinnon et al., 1997; Isman et al., 1996), and
cedrelanolide 6 was shown as an insect growth regulator
against Ostrinia nubilalis (Jimenez et al., 1997).

To our knowledge, the effect of 1, 2, 3, 4, gedunin 5,
and cedrelanolide 6 on Spodoptera frugiperda has not
been investigated. In this paper, we describe the insect
growth regulatory activity of a photogedunin epimeric
mixture 1 and 2 (8 + o), a photogedunin acetate
epimeric mixture 3 + 4 (8 + o), gedunin 5, and
cedrelanolide 6, in comparison to toosendanin 7, a
known growth inhibitor against Spodoptera litura (Is-
man et al., 1996), Peridroma saucia (Chen et al., 1995),
and O. nubilalis (Jimenez et al., 1997), against Spodop-
tera frugiperda J. E. Smith (Lepidopterae: Noctuidae),
an important pest of several crops in Mexico (Aranda
et al., 1996). This pest was selected for our bioassays,
since it was the insect available in our lab under
artificial conditions.

MATERIALS AND METHODS

Plant Material. Heartwood from C. dugessi and C. salva-
dorensis was collected in Morelia, State of Michoacan, in Feb
1997. A voucher sample has been filed at the ethnobotanical
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collection of the National Herbarium, Instituto de Biologia,
UNAM. Voucher: MEXU 800.192 and 800.193.

Chemicals and Solvents. All reagents used were com-
mercially available. Agar, acetic acid, ascorbic acid, sorbic acid,
p-hydroxybenzoic acid methyl ester, calcium pantothenate,
choline chloride, formaldehyde, biotin, folic acid, niacinamide,
thiamine, riboflavine, vitamin B-12, Vanderzant vitamin
mixture for insects, soy meal, corn meal, yeast extract, wheat
germ, Wesson salt mixture, streptomycin, and aureomycin
were purchased from Sigma Chemical Co. Methanol, CHCl;,
CH,Cl,, KCI, CuSO4, NH4CI, MgCly, pyridine, acetic anhydride,
Silica gel GFs4 analytical chromatoplates, Silica gel grade 60,
70—230 mesh, 60 A, for column chromatography were pur-
chased from Merck. Preparative plates were obtained from
Macherey-Nagel, precoated TLC plates SIL G-100 UVzs4, 1.0
mm. Milled ear of corn grain was purchased from “Grupo
Gamesa S. A. de C. V.”, Mexico.

Apparatus. *H NMR spectra were recorded at 300 and 500
MHz and 3C NMR at 75 and 125 MHz, respectively, on Varian
VXR-300S and VXR-500S spectrometers. Chemical shifts
(ppm) are relative to (CHs)4Si as an internal reference. CDCls;
and acetone-dg from Aldrich Chemical Co. were used as
solvents, and coupling constants are quoted in hertz. IR spectra
were obtained as KBr pellets on Perkin-Elmer 283-B and FT-
IR Nicolet Magna 750 spectrophotometers. Electron impact
mass spectra were taken on a JEOL JMS—SX102A instrument
(70 eV). UV spectra were determined on a Shimadzu UV-160
spectrophotometer; CHCI; was used as the solvent. Optical
rotations were measured on a JASCO DIP-360 spectropola-
rimeter; CHCI; was used as the solvent. Melting points were
obtained on a Fisher-Johns hot-plate apparatus and remain
uncorrected. Nunc 24-well polystyrene multidishes were pur-
chased from Cole-Parmer. LAB-LINE Chamber model
CX14601A, with adjustable Hi-Lo protection thermostats
safeguard samples.

Isolation of Limonoids. The compounds were isolated
from the CH,CI; extract of the milled heartwood of young trees
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Table 1. Fall Armyworm Bioassay Results of Limonoids of Cedrela spp. and Toosendanin (after 7 Days of Incubation)

treatment concentration ug/mL (ppm) mean weight gained (mg)2 mean length (cm)® larval mortality (%) LEso
control 75.5 + 8.24a 0.95+0.2 8.33
photogedunin epimers 1 + 2 5.0 15.77 + 3.67b 0.67 + 0.15 18.9 10.0
10.0 13.86 + 2.1b 1.0+01 49.5
19.2 7.23+1.17b 0.54 £0.19 77.08
25.0 3.86 +2.3b 0.34 + 0.16 95.83
52.0 100
photogedunin acetates 3 + 4 5.0 49.97 £+ 5.6a 0.94 +£0.42 29.2 8.0
10.0 20.60 £+ 2.9b 0.93 +0.29 83.3
15.0 3.940 £+ 3.0b 0.50 + 0.37 75.0
25.0 1.530 +£ 0.7¢c 0.10 £ 0.05 91.0
52.0 100
gedunin 5 5.0 6.12 + 6.83a 0.50 + 0.15 25.0 39.0
10.0 490 +1.1b 0.40 £ 0.12 333
15.0 3.60 £ 1.8b 0.35£0.15 33.3
25.0 340+ 1.2b 0.30 £ 0.17 38.3
39.0 230+ 1.1b 0.25 +0.15 48.3
52.0 1.90 + 1.8¢c 0.20 £0.11 70.8
cedrelanolide 6 5.0 27.85 + 3.2a 1.20 +0.25 15
25.0 20.80 + 2.1b 0.95+0.16 21
52.0 15.40 + 3.4b 0.70 £0.19 28
70.0 9.10 £+ 3.6b 0.51 £0.17 38
toosendanin 7 5.0 5.1+ 2.5a,b 0.98 + 0.23 40 7.0
25.0 23+1.7b 0.77 £0.18 70
52.0 1.0+ 1.6¢c 0.57 £ 0.20 89

a Means followed by the same letter within a column are not significantly different in a Student—Newman—Keuls (SNK) test at P <
0.05 (treatments are compared to control). P Mean length total increase from eclosion.

of C. salvadorensis and C. dugessi. The heartwood of C.
salvadorensis (7.5 kg) and C. dugessi (1.1 kg) were percolated
with CH,CI, (10 L) and then combined. The resulting crude
CH,Cl, extract was evaporated to dryness at room temperature
under vacuum. Then the oily residue (432.4 g) was partitioned
between n-hexane (4 x 50 mL) (Fo-1) and CH.Cl, (Fo-2).
Elimination of the solvent yielded residues Fo-1 (369.8 g) and
Fo-2 (51.7 g). The original extract, primary fractions, Fo-1, and
Fo-2 were evaluated biologically for their potential insect
growth inhibitory properties. When fraction Fq-2 was tested
by the insect growth inhibitory bioassay and showed signifi-
cant growth inhibition, it was then chromatographed on a
silica gel column (400 x 80 mm, Si Gel grade 60, 70—230 mesh,
1000 g, gravity flow) and eluted with n-hexane/ethyl acetate
mixtures with increasing gradient polarity starting with
hexane only. A total, of 210 frs (400 mL each) were collected.
Inhibitory active samples were collected from two groups of
fractions (121—129 (Fo-3, 17.9 g) and 198—-210 (F¢-4, 10.3)).
Further purification by CC (300 x 65 mm, Si Gel grade 60,
70—230 mesh, 500 g, gravity flow, eluted with n-hexane/ethyl
acetate increasing gradient polarity) of Fo-3 yielded photoge-
dunin epimeric mixture (6.08 g) and gedunin (4.93 g); their
spectral and R¢ data were identical with an authentic sample
obtained earlier (Toscano et al., 1996; Céspedes et al.,
1998, 1999).

The - and o-acetate isomers (3 and 4) were obtained by
acetylation of epimeric photogedunin and purified by TLC
(preparative plates Macherey-Nagel, precoated TLC plates Sil-
G-100, UVzs4, 1.0 mm, eluted with n-hexane/ethyl acetate (80:
20) solvent system, using UVss4 detection), and their structures
were established by high-resolution spectroscopic methods and
mass spectrometry as reported (Céspedes et al., 1998).
Cedrelanolide was previously isolated as reported (Segura et
al., 1994). Toosendanin was a gift from Prof. M. B. Isman.

IH NMR, 3C NMR, and other physical data of 1—4 are given
in Céspedes et al. (1998, 1999).

Bioassays with Fall Armyworm. Larvae used for the
experiments were obtained from the culture at the Centro de
Investigacion en Biotecnologia at the Universidad Autbnoma
del Estado de Morelos, Cuernavaca, Morelos, México, main-
tained under previously described conditions (Aranda et al.,
1996). An artificial diet containing 800 mL of sterile water,
10.0 g of Agar, 50.0 g of soy meal, 96.0 g of corn meal, 40.0 g
of yeast extract, 4.0 g of wheat germ, 2.0 g of sorbic acid, 2.0
g of choline chloride, 4.0 g of ascorbic acid, 2.5 g of p-
hydroxybenzoic acid methyl ester, 7.0 mL of Wesson salt
mixture, 15.0 mL of Vanderzant vitamin mixture for insects,

2.5 mL of formaldehyde, 0.1 unit of streptomycin, 5.0 g of
aureomycin, and 20.0 g of milled ear of corn grain (for 1 kg of
diet) were used for the bioassay, which was prepared by the
procedure described earlier (Mihm, 1987). 24-Well polystyrene
multidishes were filled with the liquid diet, then left for 20
min at room temperature under sterile conditions. The 3.4 mL
wells measure 17 mm in depth x 15 mm in diameter with a
1.9 cm? culture area. All test compounds were dissolved in 95%
ethanol and layered on top of each well with the artificial diet
using up to six concentrations (see Table 1) and a control (1
mL 95% ethanol) allowing evaporation of solvent. For each
concentration used and control, a single S. frugiperda neonate
first instar larva was placed on the diet mixture in each well
for 7 days. After 7 days, surviving larvae were measured and
weighed and then transferred to separate vials containing
fresh stock diet. Larval weight gains and mortality were
recorded after 21 days of incubation, since pupation average
is 23 + 1 days (Cisneros-Hernandez, 1994). Other lifecycle
measurements were recorded, such as time to pupation, weight
of pupae, mortality of larvae, and adult emergence and
deformities. All treatments were carried out in a controlled
environment chamber with an 18L:6D photoperiod, at a 25
°C day and 19 °C night temperature regime and a relative
humidity of 80% =+ 5%. There were three replications for each
assay. Control assays (24-wells) contained the same numbers
of larvae, volume of diet, and ethanol as the test solutions.

Data Analysis. Data for all the live insect bioassays were
analyzed by SAS ANOVA and GLM procedures (SAS Institute,
1982) (p < 0.05). LCso values for each activity were calculated
by Probit analysis (Finney, 1971) on the basis of the percentage
of mortality obtained from the concentration of the compounds.
Differences between treatment means were established with
a Student-Newman-Keuls (SNK) test. LCs is the concentration
producing 50% mortality.

RESULTS AND DISCUSSION

Photogedunin epimeric acetate mixture (3 + 4) showed
the highest insecticidal activity at 10.0 ppm with 17%
survival; the photogedunin epimeric mixture (1 + 2)
with 50% survival at 10.0 ppm in a form similar to
toosendanin 7 (Table 1) was next; gedunin 5 showed this
effect at 39.0 ppm. All tested compounds, except cedrel-
anolide, specifically inhibited each larval stage, i.e., the
growth when incorporated into diets at ca. 52 ppm
(Table 1).
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Table 2. Activity of 1-7 on Larval Growth Parameters of Spodoptera frugiperda (after 21 Days of Incubation)

treatment toncentration (ppm) tean weight gained (mg)2 % of control length (mm) % of control

control 469.5 + 6.59a 100.0 280+4.1 100.0

photogedunin epimers (1 + 2) 5.0 159.7 £ 5.9b 34.0 189 +£0.71 67.5
10.0 48.9 + 0.58b 10.4 10.2+ 0.5 36.4
19.2 2.23 +£0.61b 0.47 34+0.6 12.1
25.0 1.82 + 0.85b 0.39 34+04 12.1
52.0

photogedunin acetates (3 + 4) 5.0 49.97 + 0.56a 10.6 9.4 +0.42 33.5
10.0 20.6 £ 2.25b 4.40 7.6 £0.3 27.1
13.0 5.95+ 0.41a, b 1.27 554+ 0.17 19.6
15.0 3.1+0.13b 0.66 50+£0.3 17.9
25.0 1.75 + 0.15¢ 0.37 25+0.15 8.9
52.0

gedunin 5 5.0 16.12 + 0.68a 3.4 26+05 9.28
10.0 4.95 + 0.85b 1.05 29+04 10.36
15.0 3.61 + 0.36b 0.77 2.6 +0.63 9.28
25.0 3.45+0.83b 0.73 2.1+0.16 75
39.0 2.80 £ 0.74b 0.60 20+£0.7 7.1
52.0 2.20 £+ 0.36¢ 0.47 2.1+0.20 7.5

cedrelanolide 6 5 55.7 + 4.9a 11.9 8.7+0.5 31.1
25 41.6 £5.9b 8.9 6.7+ 0.6 239
52 40.1 £+ 3.6b 8.5 53+0.5 18.9

toosendanin 7 5 215+ 25a,b 4.58 7.0+£05 25.0
25 17.0 £ 3.1b 3.62 6.1+0.6 21.7
52 11.2 + 1.6¢ 2.38 28+04 10.0

a Means followed by the same letter within a column are not significantly different in a Student—Newman—Keuls (SNK) test at P <
0.05 (treatments are compared by concentration to control). Means are + standard error.

Table 3. Activity of 1-7 on Pupation and Emergence Parameters of Spodoptera frugiperda?

concentration mean time to mean weight  pupation  mean emergence
treatment (ppm) pupation (days) of pupae (mg) (%) (days) emergences (%)

control 22.0 281.5 £ 10.3a 87.5 33 83.3

photogedunin epimers (1 + 2) 5 21.5 2314 +3.7a 66.7 31.0 12.5
25 22.0 138.1 + 2.1b 20.8 32.0 8.33
52

photogedunin acetates (3 + 4) 5 21.0 92.9¢ 25.0 36.0° 4.17
25 23.0b 63.5+ 1.9b 12.5 0
52 0

gedunin 5 5 22.0 1479 £+ 7.1c 20.8 33.0 17.9
25 23.0° 122.4 + 3.3c 16.7 35.00 16.7
52 24.0b 52.0¢ 4.17 36.0° 4.17

cedrelanolide 6 5 22.0 2219+ 39a 79.2 33 79.2
25 215 191.8 + 4.5a 66.7 33 62.5
52 22.5 123.9 + 3.9c 62.5 33 50.0

toosendanin 7 5 23.5b 95.0 +£ 2.1b 17.9 36 16.7
25 24.0b 45.1¢ 4.17 36 4.17
52 24.0° 38.0¢ 4.17 - 0

a Means followed by the same letter within a column are not significantly different in a Student—Newman—Keuls (SNK) test at P <
0.05 (treatments are compared by concentration to control). Means are + standard error. P Means within a column are significantly different
from control in a Kruskal-Wallis chi-squared approximation test at P < 0.005. ¢ These values correspond to one survival larva.

Cedrelanolide 6, between 5.0 and 70 ppm, respec-
tively, induced only moderate larval mortalities (<40%)
(Table 1). Photogedunin epimeric mixture 1 + 2, gedu-
nin 5, photogedunin acetates 3 + 4, and toosendanin 7
generally produced higher mortalities (>45%) between
10.0 and 52.0 ppm, 39 and 52 ppm, 10.0 and 52 ppm,
and 25 and 52 ppm, respectively (Table 1). The surviving
larvae produce deformed pupae, which did not survive
(data not shown).

Furthermore, at 21 days, this growth reduction was
clearly significant in the 52 ppm group (Table 2).
Moreover, gedunin 5 was also more active than toosen-
danin 7 at low concentrations (5.0 ppm), but only
photogedunin epimeric mixture (1 + 2) and photogedu-
nin acetates (3 + 4) showed the highest larval growth
inhibition at high concentrations (52.0 ppm).

We do not ignore the fact that these compounds could
act as antifeedant because we did not do the election
test, but as pupation did not take place (100% of
inhibition above 52 ppm), we suggest that the mecha-
nism by which these compounds act may be due to

physiological effects. We are developing studies to
elucidate the target and mechanism of action of these
compounds.

The percentage of larvae that reached pupation
decreased in all tested compounds in comparison to the
control (Table 3). The most important effect was ob-
served with photogedunin epimeric mixture at 52.0
ppm, photogedunin acetate mixture at 52 ppm, gedunin
at 52 ppm, and toosendanin at 25 ppm, which reduced
successful pupation to 0%, 0%, 4.17%, and 4.17%,
respectively.

None of the substances tested showed any significant
delay of pupation time. However, the photogedunin
acetates drastically reduced the percentage of adult
emergence for all concentrations tested.

The effects of photogedunin epimeric mixture (1 + 2),
photogedunin acetates (3 + 4), and gedunin 5 on
reducing insect growth, decreasing the percentage of
emergence, and increasing mortality of S. frugiperda are
similar to those of other limonoids (Arnason et al., 1987).
The mode of action of these compounds is being inves-
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tigated and may be due to a combination of antifeedant
action and/or postdigestive toxicity, as found for other
limonoids (Champagne et al., 1992; Isman et al., 1995).

Inspection of the structure of the most active com-
pounds isolated from these plants suggests that the
presence of an oxygenated function at C-23 was neces-
sary for the activity displayed by the gedunin-type
molecule against S. frugiperda (compounds 1-5).

All the tested compounds except cedrelanolide showed
comparable activity to the commercial insecticide toosen-
danin, which suggests potential for further development
of these materials. However, no limonoid has been found
with the outstanding activity of azadirachtin (Jimenez
et al., 1997).
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