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From the aerial parts of Maytenus disticha, we have isolated 9B-benzoyloxy-1a,2a,603,8a,15-
penta-acetoxy-dihydro-f3-agarofuran (1) and from seeds of Maytenus boaria 9p-furoyloxy-
1a,68,8a-triacetoxy-dihydro-B-agarofuran (2). These compounds and their MeOH and hex-
ane/ethyl acetate (1:1 v/v) extracts were evaluated for their effects on the fall armyworm
(Spodoptera frugiperda). Toosendanin, a commercial insecticide derived from Melia azeda-
rach was used as a positive control. When tested for activity using neonate larvae in a no-
choice artificial diet bioassays, the agarofurans 1, 2 and toosendanin as well as the MeOH
and hexane/EtOAc extracts caused significant growth inhibitory effects with GCs, of 7.55;
3.84; 1.75; 14.0 and 7.3 ppm at 7 days, respectively. Compounds 1 and 2 caused 100% larval
mortality at 25 and 15 ppm, respectively. MeOH and hexane/EtOAc extracts caused 100%
larval mortality at 25.0 ppm, respectively, they also increased the development time of surviv-
ing larvae and a significant delay for the time of pupation and adult emergence. These com-
pounds showed comparable potency of activity with toosendanin. Acute toxicity against
adults of S. frugiperda was also found, for hexane/EtOAc extract and 2 had the most potent
activity with LDs, value of 4.7 and 1.9 ppm, respectively. MeOH extract, hexane/EtOAc
extract, 1 and 2 caused acetylcholinesterase inhibition with 78.0, 89.2, 79.3 and 100% inhibi-
tion at 15.0 ppm, respectively. Therefore, the furoyloxy agarofuran may be responsible for
the insecticidal activity of these plants.

Introduction from M. disticha (Alarcon et al., 1991, 1998), sim-
ilar to those isolated from Peruvian and Mexican
Celastraceae (Gonzélez et al., 1983). Some of

these compounds have been tested in insecticidal

The search to find new pesticides of botanical
origin has been currently focused on limonoids

from the Meliaceae family due to their potent ef-
fects on insect pest and low toxicity. Our interest
is centered on the study of possible insecticidal
activities of shrubs and trees of moderate height
belonging to the Celastraceae family occurring in
the south of Chile, because their are strongly re-
sistance to attack by different families of insects
pest.

Maytenus disticha (Hook) Urban Celastraceae
commonly known as “maitencito” or “romasillo”,
is a small tree, which grows on rainfall forest in
the south Pacific, slope ranging from Araucanian
Region to Tierra del Fuego in the Patagonian Re-
gion of Chile. We have isolated six agarofurans

bioassays against the Fall Armyworm (Spodoptera
frugiperda, Lepidoptera: Noctuidae) (Céspedes
et al., 1999).

There are reports on diverse effects of Maytenus
extracts on human health and on animals (Bha-
kuni et al., 1973; Gonzalez et al., 1992). Several
species of Chilean Maytenus have been investi-
gated (Mufoz and San Martin, 1991). The biolo-
gically active compounds of these Maytenus gen-
era are f-agarofuran type sesquiterpenoids. We
have previously reported the photosynthetic inhib-
itory activity of dihydro-f-agarofurans sesquiter-
penes from M. disticha and M. boaria (Céspedes
et al., 2000b). There are reports of the insecticidal
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activity of these compounds (Gonzalez ez al., 1992,
1997). B-Agarofurans has been reported from
M. magellanica and M. boaria (Alarcén et al.,
1995). Minor sesquiterpenes and f-agarofurans
have been reported in M. canariensis, M. magel-
lanica and M. chubutensis and their possible anti-
feedant activity (Alarcon et al., 1998). In addition,
there are reports of the presence of triterpenoids
in M. scutioides (Gonzalez et al., 1999), M. macro-
carpa (Chavez et al., 1998), M. undata (Muham-
mad et al., 2000), M. blepharodes (Gonzalez et al.,
2000), brassinosteroids in M. boaria (Franke et al.,
1999) and phenolic compounds in M. chubutensis
and M. disticha (Munoz et al., 1999); also insectici-
dal activity against Cydia pomonella of nortriter-
pene quinone methides from Paraguayan Mayte-
nus species (Avilla et al., 2000).

A phytochemical re-examination of the aerial
parts of M. disticha and seeds of M. boaria col-
lected in Chillan City, Chile, were undertaken be-
cause these plants are highly resistant to attack by
insects and no insecticidal work has been carried
out on this plant. The present study deals with the
mechanism by which this plant exhibits its insecti-
cide effects on the feeding behaviour, growth and
development of the Fall Armyworm (FAW) S. fru-
giperda (J. E.Smith).

The resistance to insecticides results from three
main mechanisms: 1) short penetration of insecti-
cide. 2) efficiency of esterases, mixed function oxi-
dases or glutathione transferases and 3) the target
of the insecticide is modified (Fournier et al.,
1992). The resistance to insecticides also may be
due to acetylcholinesterase activity. It is a key en-
zyme in the insect nervous system in which the
cholinergic system is essential (Fournier er al.,
1992). This property can be used for insect pests
control. Both acetylcholinesterase (AChE) and
butyrylcholinesterase (BuChE) occur in verte-
brates while mainly AChE activity is demon-
strated in insects, BuChE may occur in aphids
(Brestkin et al., 1992). We investigated the inhibi-
tion of AChE activity by extracts from Maytenus
spp- These extracts contained mainly sesquiter-
pene of P-agarofuran type. There are no reports
about inhibition of AChE by these compounds.
The field observations showed that these plants
are not attacked by any insects, therefore it seems
important to investigate the capacity of inhibition
on the growing of insect and to correlate with ace-

tylcholinesterase inhibition by the main com-
pounds of these plants.

Materials and Methods
General experimental procedures

HPLC was performed on a WATERS Model
600E, equipped with Bondapack RP 18 column,
250 x 8 mm, speed flux 1.5 ml/min, speed paper 0.5
cm/min. UV detector 280 nm, movil phase MeOH/
H,O 7:3 v/v. Analytical and preparative TLC were
performed on Si gel 60 F254 E Merck plates, and
the spots were visualised by spraying with a 10%
solution of H,SO,, followed by heating at 110 °C.

Plant material

Aerial parts (steam, leaf and flowers) from
M. disticha and seeds of M. boaria were collected
in Chillan, VIII Region of Chile. Voucher speci-
mens (R. Rodriguez and C. Marticorena) can be
found at the ethnobotanical collection of the Her-
barium (CONC), Departamento de Botdnica, Fa-
cultad de Ciencias Naturales y Oceanogréficas,
Universidad de Concepcidn, Concepcidn, Chile.

Isolation and purification of the 3-agarofurans
1and 2

Compound 1. The aerial part of M. disticha was
percolated with methanol and partitioned between
CHCI; and n-hexane/EtOAc (1:1 v/v) extracts (the
hex/EtOAc extract was used in bioassays). Agaro-
furan 1 was isolated from hexane: EtOAc extract
as reported (Céspedes et al., 2000b) by conven-
tional chromatographic methods (80 mg). Its mo-
lecular formula is C3H40O13 , M* m/z 632 and
I3C-NMR spectra exhibited 32 carbon signals. All
spectral data were identical as in Alarcon et al.
(1991) (Fig. 1).

Compound 2. Seeds of M. boaria were milled
and extracted with MeOH, and this extract was
used in insect bioassays. The extract was solvent
partitioned using CHCl;, EtOAc and H,O. The
CHCI; extract was chromatographed on a silica
gel column using petrol-EtOAc mixtures. Polar
fractions were combined and separed by TLC
(petrol-EtOAc, 1:1 v/v) to give impure agaro-
furan 2, which was further purified by HPLC (RP
18, 250 x 8 mm, MeOH-H,0O, 7:3) 20mg (R,
8.9 min), their chromatographic and spectral data
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Fig. 1. The chemical structures of 9-benzoyloxy-
1,2,6,8,15-pentaacetoxy-dihydro-f-agarofuran (1) and
9-furanoxy-1,6,8-triacetoxy-dihidro-f3-agarofuran 2),
where Bz = benzoyloxy and Fu = furanoxy.

were identical with reported by Alarcon er al.
(1995) (Fig. 1) (Céspedes et al., 2000b).

Apparatus

'H-NMR spectra were recorded at 300 and 500
MHz, 3C-NMR at 75 and 125 MHz respectively,
on Varian VXR-300S and VXR-500S spectrome-
ters, chemical shifts (ppm) are related to (CH3),Si
as internal reference. CDCl; and acetone-dg from
Sigma-Aldrich Quimica, S. A. de C.V., Toluca,
Mexico were used as solvents, and coupling con-
stants are quoted in Hz. 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 de-
termined on a Shimadzu UV-160 spectrophotome-
ter; CHCI; was used as solvent. Optical rotations
were measured on a JASCO DIP-360 spectro-
polarimeter; CHCl; was used as solvent. Melting
points were obtained on a Fisher-Johns hot-plate
apparatus and remain uncorrected. Nunc 24-well
polystyrene multidishes were purchased from
Nalge Nunc International. LAB-LINE Chamber
model CX14601A, with adjustable Hi-Lo protec-
tion thermostats safeguard samples. LAB-LINE
refrigerator/freezer, model 3559-10.

A Spectronic model GENESYS 5 spectropho-
tometer was used to carry out the spectrophoto-
metric measurements in the acetylcholinesterase
activity. The centrifuge used in this study was B.
BRAUN, model SIGMA 2-15.

Chemicals and solvents

Thiamine, sorbate, methyl-paraben, ascorbate,
acetic acid, acetaldehyde, acetylcholinesterase
(AChE), acetylthiocholine (ATC), 5,5'-dithio-

bis(2-nitrobenzoic acid) (DTNB), choline-chlo-
ride, calcium pantothenate, niacinamide, ribofla-
vin, folic acid, biotin and vitamin B-12 were
purchased from Sigma-Aldrich Quimica, S. A. de
C. V., Toluca, Mexico. Methanol, ethyl-acetate,
CuSO,, KCl, NaHCO;, MgCl,, NH,CI, pyridine,
acetic anhydride, silica-gel GF,s4 analytical chro-
matoplates, silica gel grade 60, 70230, 60 A, for
column chromatography were purchased from
Merck Darmstadt, Germany. Pre-coated TLC
plates SIL G-100 UV,s,, 1.0 mm, preparative were
purchased from Macherey-Nagel, Diiren, Ger-
many.

Bioassays with fall armyworm

Larvae used for the experiments were obtained
from a culture at the Institute of Chemistry,
UNAM. The larval culture was maintained under
previously described conditions (Céspedes et al.,
2000a). An artificial diet containing 800 ml of ster-
ile 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 de-
scribed earlier (Céspedes et al., 2001). 24-well
polystyrene multidishes were filled with the liquid
diet, then left for twenty minutes at room temper-
ature in sterile conditions. The 3.4 ml wells meas-
ure 17mm in deph x 15mm diameter with a
1.9 cm? culture area. All test compounds were dis-
solved in 95% ethanol and layered on top of each
well with the artificial diet using four concentra-
tions (Table I) and a control (1 ml 95% ethanol)
allowing evaporation of solvent. For each concen-
tration used and control, a single S. frugiperda ne-
onate larvae were placed on the diet mixture in
each well and left for 7 days. After 7 days, length
of surviving larvae were measured and weighed,
then transferred to separate vials containing fresh
stock diet. Larval weight gains and mortality were
recorded after 21 days of incubation, since pupa-
tion occurred after 23 + 1 days. Other life-cycle
measurements were recorded, such as time to pu-
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pation, weight of pupae, mortality of larvae, adult
emergence and deformities. All treatments were
carried out in a controlled environment chamber
with an 18L: 6D photoperiod, at 25 °C day and
19 °C night temperature regime, and a relative hu-
midity of 80 + 5%. There were three replications
for each concentration. Control assay (24-wells)
contained the same amount of larvae (24), volume
of diet and ethanol as the test solutions (Céspedes
et al., 2000a).

Acute toxicity on S. frugiperda

Acute toxicity was determined by topical appli-
cation to larvae of last stage of S. frugiperda. The
larvae were cooled on ice to stop their movement
and treated on their abdomens with each of the
test compounds and extracts, at concentrations of
15.0; 12.0; 3.0 and 0.5 ppm, additional concentra-
tion (25.0 ppm) was used for toosendanin (Table
V). The solvent used was 10.5 ul of acetone in-
jected with a 50 ul microsyringe. Control larvae
were only treated with 10.5 ul of acetone. After
24 hrs the survival of the larvae was recorded. Five
larvae were used for each concentration, respec-
tively, including control. LDs, (the lethal dose for
50% mortality) was determined from extrapola-
tion of a curve from values in Table V.

Inhibition of acetylcholinesterase

An enzyme extract containing acetylcholinester-
ase (AChE) was obtained according to the method
of Grundy and Still (1985). About 100 adults were
frozen at —20 °C for 7 days. The heads of frozen
adults were detached, then milled and homogen-
ised in 20 ml of 0.1 m phosphate buffer at pH 8.0.
The crude homogenate was centrifuged at
15,000x g for 15 min at 5 °C, and the supernatant
was used for the enzyme activity. ATC (cholines-
terase substrate) was dissolved in 0.1 m phosphate
buffer (pH 8.0). DTNB (3-carboxy-4-nitrophenyl-
disulfide), Ellman’s reagent a sensitive sulfhydryl
reagent 39.6 mg of this compound was dissolved
in 10 ml of 0.1 m phosphate buffer at pH 7.0, and
15.0 mg of NaHCOj; was added.

Inhibition of AChE was determined according
to Ellman’s procedure (colorimetric method) (Ell-
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man, et al., 1961) using both the control (EtOH)
and test solutions. The reaction mixture contained
0.2 ml of the enzyme solution and 0.1 ml of DTNB
added to 2.4 ml of 0.1 M phosphate buffer (pH 8.0).
The reaction mixtures were added to each of the
test compounds dissolved in 50 ml of EtOH. The
control solution was similarly prepared by the ad-
dition of 50 ml of EtOH. Both control and each of
the test solutions were preincubated at 25 °C for
10 min. After preincubation, the enzyme reaction
was started by the addition of 40 ml of ATC fol-
lowed by incubation at 25°C for 20 min. After
20 min, the absorbance at 420 nm was measured
spectrophotometrically and compared with that of
the control inmediately after adding an enzyme to
the above reaction mixtures. Reading was re-
peated for 5 min at 30 sec intervals to verify that
the reaction occurs linearly. Blank reaction was
measured by substituting saline for enzyme. AChE
activity was calculated with the absorption coeffi-
cient 1.49 mmol/min. All experiments were re-
peated three times and the results were analyzed
by SAS ANOVA and GLM procedures and graph
by Microcal Origin version 4.1.

Relative growth index and growth index

The relative growth index (RGI) and growth in-
dex (GI) were calculated according to Zhang et al.
(1993), (Fig. 2).

Data analysis

Data for all the insect bioassays were analysed
by ANOVA and GLM procedures (SAS Institute,
1982) and Microcal Origin version 4.1 (p < 0.05).
GCsp, MCsg, LD5, and ACsq values for each activ-
ity were calculated by Probit analysis (Finney,
1971) on the basis of the percentage of mortality
or inhibition obtained from the concentration of
the compounds compared with control. Differ-
ences between treatment means were established
with a Student-Newman-Keuls (SNK) test. MCs,
is the concentration producing 50% mortality.
GCs is the concentration inhibiting 50% of first
instar larval growth (weight). LDs is the concen-
tration producing 50% of acute toxicity. ACs is
the concentration producing 50% of acetylcho-
linesterase inhibition.
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Results and Discussion
Insecticidal and insect growth inhibitory activities

The insecticidal effects of 1, 2, toosendanin,
methanol and hexane/ethylacetate extracts against
first instar larvae of Spodoptera frugiperda are
outlined in Table I. 1, 2, and MeOH extract at con-
centration of 12.0 ppm show significant mortalities
in this larval stage (>65%). However, hex/EtOAc
extract produced higher mortality (79.1%) at the
same concentration. On the other hand 2 and hex/
EtOAc extract show highest insecticidal activity
producing 100% and 93.4% of larval mortality at
15.0 ppm, respectively. When larvae were fed with
a diet containing 25.0 ppm or higher doses of all
extracts and tested compounds all of the larvae
died (Table I). It is important to note that the 50%

lethal concentration (MCs) of larvae at 7 days for
hex/EtOAc extract was found at 6.0 ppm of diet
concentration.

B-Agarofurans 1 and 2 inhibit larval growth af-
ter 7 days when incorporated into diets with GCs,
of 7.55 and 3.84 ppm, respectively (Table I). After
23 days, this growth reduction is clearly significant
in the 6.5 ppm for 1 and 2, respectively (Table II).
When expressed as the percentage of respective
controls, 2 is more active than toosendanin on lar-
val growth inhibition. In relation to the total
length of the larvae the effect was more pro-
nounced at the 23 days (Table II) for all com-
pounds and extracts tested. Although in our re-
sults 2 (furoyloxy substituent) showed greater
inhibitory effect than 1 and toosendanin on S. fru-
giperda larval growth as compared to all com-

Table 1. Growth inhibitory effects of MeOH, n-hexane/EtOAc extracts, compounds 1, 2 and toosendanin on Fall

Armyworm growth bioassay®.

Treatment ug/ml Mean weight % of Mean long % of GCsg Death MCs,
[ppm]  gained [mg]®  weight® gained [cm]4 length® [ppm]¢  [%] [ppm]f
Control 79 + 8.0a 100 + 0.2 100 7.50
1 7.55 8.2
6.5 7 + 0.1b 9.4 0.62 + 0.1 57.1 41.4
12.0 6 + 0.5b 8.0 0.39 + 0.1 36.1 67.4
15.0 6 + 0.3b 7.6 0.28 + 0.4 26.0 89.2
25.0 100
2 3.84 7.5
6.5 6 £ 0.2¢c 75 0.42 + 0.1 39.0 43.9
12.0 3+ 0.3c 3.6 012 £ 0.1 11.0 70.5
15.0 100
25.0 100
MeOH 14.0 9.4
extract 6.5 67 £ 0.5a 85.0 0.79 + 0.19 71.8 31.1
12.0 20 £ 0.1c 26.0 0.60 + 0.10 54.5 65.9
15.0 18 + 0.3¢c 23.3 0.55 + 0.25 49.5 89.1
25.0 100
n-hex/EtOAc 7.3 6.0
6.5 23 £ 0.1c 29.8 0.61 = 0.15 55.5 50.9
12.0 13 + 0.1c 15.9 0.45 + 0.10 40.9 79.1
15.0 7 + 0.1c 9.0 0.30 = 0.10 27.3 93.4
25.0 100
Toosendanin 1.75 8.5
5.0 5 £ 2.5¢ 6.27 0.90 + 0.23 94.7 40.1
15.0 2 1.7¢ 2.82 0.77 £ 0.18 81.0 70.0
25.0 1 + 1.6¢ 1.23 0.57 £ 0.20 60.0 89.9

a After 7 days of incubation, mean of three replicates.

® 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.

¢ Percentage with respect to control.
d Mean length total increase from eclosion.

¢ The GCs, is the inhibitory concentration for reduction of first instar larval growth (weight) rates by 50% in “no

choice” test calculated by ANOVA program (P < 0.05).

f The MCs is the concentration producing 50% mortality in “no choice” test calculated by ANOVA program

(P < 0.05).
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Table II. Activity of compounds 1, 2, toosendanin, MeOH and n-hexane/EtOAc extracts of M. disticha on larval

growth parameters of S. frugiperda®.

Treatment Concentration ~ Mean weight %° Mean length %< GCs
[ppm] gained [mg]® gained [mm] [ppm]
Control 464.5 + 4.99a 100.0 41.1 £ 5.1 100.0
1 0.43
6.5 292 + 1.3c 6.3 119 % 0.1 28.90
12.0 113 +12¢c 24 6.5 =08 15.8
15.0 6.1 £ 0.7c 1.3 06 +04 1.46
2 0.37
6.5 22.0 + 0.4c 4.7 7.7 +£03 18.7
12.0 - 0 - 0
MeOH 4.8
6.5 180.3 + 2.3b 38.8 34 £04 8.27
12.0 989 =+ 1.7b 21.3 1.1 +038 2.67
15.0 - 0 - 0
n-hexane/EtOAc 0.37
extract 6.5 1345 =+ 0.83b 28.9 9.1 £ 0.16 22.1
12.0 72.80 £ 0.74b 15.7 5.2 £ 0.71 12.6
15.0 42.20 £ 0.36¢ 9.1 0.89 = 0.20 2.16
Toosendanin 2.68
5.0 21.5 = 2.5¢ 4.58 70 £05 25.0
15.0 17.0 =+ 3.1¢ 3.62 6.1 + 0.6 21.7
25 112 + 1.6¢ 2.38 28 +04 10.0

@ Before pupation, at 23 days.

® 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.

¢ Percentage with respect to control.

4 The GCs is the inhibitory concentration for reduction of five instar larval growth (weight) rates by 50% in “no

choice™ test calculated by ANOVA program (P < 0.05).

pounds and extracts tested, we also found that 1
(benzoyloxy substituent) significantly reduced lar-
val length growth as compared to control (Table
IT). In addition, MeOH and hexane/EtOAc ex-
tracts also showed a significant length inhibition at
12.0 ppm (2.67 and 12.6% respectively) and in this
aspect toosendanin showed a significant effect
with 10% of inhibition at 25 ppm.

The percentage of larvae that reached pupation
decreased in both tested compounds in compari-
son to control. The most important effect was ob-
served with 2 at 6.5 ppm, which almost fully re-
duced the pupation and adult emergence to 92%
and 83% respectively (Table I1I). Moreover, these
compounds and extracts show dose-response de-
pendent activity.

Significant delays in time to pupation were ob-
served between 6.5 to 12.0 ppm for 1-treated, be-
tween 3.0 to 6.5 ppm for 2-treated and between 15
to 25 ppm toosendanin-treated. Development of
pupae was significant delayed at 12.0 ppm of 1-
treatments and between 1.5 to 6.5 ppm with 2-
treatments (Table III). Of the compounds tested

only 2 significantly reduced pupal weights of males
and females at 6.5 ppm.

Survival to the adult stage, as compared to the
pupal stage, showed no further reductions with the
test compounds. However, 2 produced additional
mortality and lower survivorship to the adult stage
for this compound in low concentrations. Adult
weights were significantly delayed in mean time to
the adult stage were seen in many of the treat-
ments (Table III). In all cases the adult weight is
clearly reduced, but the main effect was observed
for 2 and toosendanin inhibiting the adult weight
in 19.2 and 25.7% at 6.5 and 5.0 ppm, respectively.
However, toosendanin showed the greatest effect
inhibiting the emergence times in 4.17% at 15
and 25 ppm.

The effect of the agarofuran 2 on reducing insect
growth, increasing development time and mortal-
ity of S. frugiperda is similar to that of other com-
pounds such as limonoids (Kubo, 1993). The mode
of action of this compound is being investigated
and it may be due to a combination of antifeedant
action and postdigestive toxicity, as found for
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Table III. Activity of compounds 1-2 MeOH and n-hexane/EtOAc extracts on pupation and emergency parameters

of S. frugiperda®.

Treatment [ppm] Pupation Weight % SPY  Adult %'  Emergence Emer-
[days] pupae [mg]® [%] weight [mg]¢ [days] © gence [%]&

Control 220+ 1.0 2634 £89 100 8.9 51.0 £ 2.1a 100 315 £ 1.0a 833

1 65 260+20° 770+ 10c 292 22.0 200 £0.5c 392 325+%15b 257
120 275+£15> 714 +03c 269 120 150+ 0.1c 294 33.0+ 0.5¢c 105

2 6.5 240+ 0.5° 204 % 3.1c 76 60 98 +02c 192 350+ 05c 167
12.0 - - 0 - - 0 - =

MeOH 6.5 265+ 1.0° 1085+ 21b 412 105 340+ 04b 66.6 325+ 1.0b 30.0

extract 120 270+ 1.0° 785+ 18 298 91 224+ 05b 439 330+ 1.0c 270

n-hexane/

EtOAc 65 270+ 10> 793 +05¢ 301 73 240+ 04b 471 335+ 15c 261

extract 120 270+ 1.0° 524+ 04c 199 52 124 +03c 243 350+ 1.0c 195

Toosendanin 5 235 £ 0.5 95.0 £ 2.1c 361 179 13.1 £0.33¢c 257 340+ 0.5¢c 16.7
15 240 £ 1.0> 451 +19c 171 4.17° 10.1 £ 0.19c 19.8 35.0 = 1.0c  4.17
25 240 £ 1.0> 380 = 1.3c 144 4.17° 3.0 £0.25c 58 36.0+ 1.0c 4.17

Z Mean of three experiments.

at P < 0.05.

Means within a column are significantly different from control in a Kruskal-Wallis chi-squared approximation test

¢ 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.

These values correspond to one survival larva.
% of adult weight compared to control.

@ = o Qo

other limonoids (Isman et al., 1995). The activity
of these compounds is comparable to the commer-
cial insecticide toosendanin (Chen et al, 1995),
which suggests potential for further development
of these natural products.

This study differs than the reported by Gonzélez
et al. (1997) on the Egyptian cotton leafworm
Spodoptera littoralis in respect to that some of
the reported compounds here are more potent for
S. frugiperda and at lower concentration act as in-
sect growth regulator. However, they used a dif-
ferent methodology for feeding the active com-
pounds to the insect and it implies the need of
more studies in this field with compounds of this

type.

Growth inhibition and regulatory growth index

In many of the treatments, mean adult weight
was significantly delayed in the average time to
reach the adult stage relative to control larvae. GI
and RGI clearly indicate (Fig. 2) the stronger ef-
fect showed by compound 2, with RGI value of
0.20 at 6.5 ppm, (Table IV). In addition to toosen-
danin also showed a pronounced effect with RGI
of 0.34 and 0.10 at 15.0 and 25.0 ppm, respectively

SP: Survival Pupation = number of pupae x 100/total larvae for pupation.

% = number of adults emerged x 100/total number of pupae.

0.8+

0.6

RGI

0.4

0.2

0.0+ T T T T
20 24 2.8 32

log (ppm x 100)

Fig. 2. Effect on growth development expressed as RGI
vs log (ppm x 100) of agarofuran 1 (Mo, agarofuran 2
(O), n-hexane/ethylacetate (¥), MeOH extract (A) and
toosendanin (<) on S. frugiperda. Each value represents
means + SE (N = 5) from three determinations in er-
ror bars.

(Table IV). Noteworthy, the slope of curves in
Fig. 2 shows the potency of 2 and toosendanin,
respectively. These parameters together with the
LDs, values (Table V), corroborate the highest ef-
fect of compound 2, since it caused the greatest
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Table IV. GI and RGI of S. frugiperda as a function of
increased concentrations of 1, 2, MeOH and n-hexane/
EtOACc extract from P. argentatum and toosendanin (3)2.

Compounds Concentra-  GIP RGI
tion [ppm]

Control 0.99 £ 0.049a

1 3.0 0.91 + 0.043b 0.75
6.5 0.52 + 0.081b 0.64
12.0 0.24 + 0.067¢ 0.55

2 3.0 0.35 + 0.049b 0.47
6.5 0.22 + 0.038¢ 0.20

MeOH extract 3.0 0.89 + 0.048b 0.92
6.5 0.74 £ 0.037b 0.87
12.0 0.69 + 0.057b 0.82

n-hexane/EtOAc 3.0 0.74 £ 0.037b 0.83

extract 6.5 0.69 £ 0.055b 077
12.0 0.51 + 0.039b 0.69

Toosendanin 5.0 0.99 £+ 0.050b 0.98
15.0 0.50 + 0.031b 0.34
25.0 0.10 + 0.015¢ 0.10

4 Mean of three replicates.

® Means followed by the same letter within a column
after = standard error values are not significantly dif-
ferent in a Student-Newman-Keuls (SNK) test at P <
0.05 (treatments are compared by concentration to
control).

¢ RGIU'ezumcnl = GItrealed/GIconlrol-

(GI = Growth index = number survival larvae/total lar-

vae used).

inhibitory effect of growth inhibition in weight at
7 and 23 days, respectively (Tables I and II) and
growth inhibition in length at the 7 days and 23
days, respectively (Tables I and II).

It is important to note that similar insect growth
regulatory activity on Ostrinia nubilalis (European
Corn Borer) was studied by Jiménez et al. (1997).
These authors reported that the nortriterpenoids
humilinolide A, B, C, and D, cedrelanolide and
toosendanin induced larval mortality between 5.0
to 50.0 ppm ranges with percentages between 36
to 60%, respectively. However, our compounds
showed lower range between 15.0 to 25.0 ppm.

Acute toxicity on adults of S. frugiperda

MeOH extract from M. boaria showed moder-
ated acute toxicity with 63 and 44% of survival at
12.0 and 15.0 ppm, respectively. However, com-
pounds 1, 2, n-hexane/EtOAc extract of M. disti-
cha and toosendanin showed a potent activity of
acute toxicity on adults of S. frugiperda at concen-
trations greater than 12.0, 6.5, 15.0 and 15.0 ppm,
respectively. The LDsy values of 1, 2, n-hexane/
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EtOACc extract and toosendanin were 6.4, 1.9, 4.7
and 6.7 ppm, respectively (Table V). Moreover,
these values show the potency of Maytenus com-
pounds and their extracts. In order to determine
the site of action on the insect growth regulatory
activity (IGR) and the acute toxicity, the effect of
1, 2, MeOH and Hex/EtOAc extracts, and toosen-
danin on acetylcholinesterase activity was studied.

Inhibition of acetylcholinesterase

The inhibitory activity of 1, 2, MeOH, hexane/
EtOAc extracts and toosendanin on AChE is out-
lined in Table V. Compound 2, hexane/EtOAc ex-
tract and toosendanin showed the greatest effect
with 98.5, 89.2 and 98.0% inhibition at 12.0, 15.0
and 15.0 ppm, respectively. However, 2 and
toosendanin showed a strong inhibitory effect by
100%, at 15.0 and 25.0 ppm, respectively. While
MeOH and hexane/EtOAc extracts showed inhibi-
tory activity in similar form to 1, both extracts, 1
and 2 inhibited AChE activity in a dose-dependent
manner confirming that these compounds are
active inhibitors of AChE in Maytenus spp. In ad-
dition, the presence of a furanic ring increases the
strength of these compounds on inhibition of
AChE. We assume that inhibitory activities of hex-
ane/EtOAc extract were caused not by one strong
inhibitor but by synergistic activity. This confirms
the results obtained by Ortego et al. (1999), with
furanic limonoids as azadirone and a mixture of
1,7-di-O-acetylhavanensin and 3,7-di-O-acetylha-
vanensin from Trichilia havanensis (Meliaceae).
These compounds, significantly reduce digestive
protease and esterase activities in the midgut of
Colorado potato beetle (Leptinostarsa decemli-
neata) (Ortego, et al., 1999). Inhibition of AChE
activities by terpenoids have been reported on re-
lated insecticidal effects (Céspedes et al., 2001;
Gracza, 1985; Grundy et al., 1985).

Compound 2 had a potent inhibitory activity.
Obviously, the nature of the ester substituents at
C-1, C-6, and C-8 plays an important role in the
inhibitory activity of the agarofurans, confirming
the observation made by Gonzalez et al. (1997).
The most active compound (2) contained small
and relatively hydrophilic three-acetyl groups,
whereas compound 1 with bulky and more lipo-
philic ester groups exhibited a little minor activ-
ity level.
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Table V. Acute toxicity and inhibitory activity of compounds 1, 2 MeOH and n-hexane/
EtOAc extracts against adults® and acetylcholinesterase from adults heads® of S. frugi-

perda, respectively.

Compounds Concentra- % Survival®© LDsod % Inhibition®* ACsf
tion [ppm]
Control 100 —&
1 6.4 5.7
3.0 66 + 3.3b 39.8 £ 2.0b
6.5 56 + 2.8b 535 + 2.7b
12.0 25 # 1.3c 65.3 £ 3.3c
15.0 20 + 1.0c 79.3 + 3.9¢
2 1.9 2.9
3.0 35 +1.8¢ 55 + 2.8b
6.5 20 £ 1.0c 71 + 3.5¢
12.0 0.0 98.5 £ 1.5¢
15.0 0.0 100
MeOH Extract 15.0 9.7
3.0 77 £ 3.9b -
6.5 70 + 3.5b 342 + 1.7b
12.0 63 £ 3.2b 63.1 £ 3.1b
15.0 44 £ 22¢c 78.0 £ 3.5¢
n-hexane/EtOAc 4.7 6.0
extract
3.0 61 =+ 3.1b 33.7 £ 1.7b
6.5 43 +22c 58.9 + 2.9b
12.0 29 + 1.5¢ 67.1 £ 3.6¢
15.0 11+ 0.6¢c 89.2 + 4.1c
Toosendanin 6.7 8.8
5.0 58 +29¢ 21 £ 1.1b
15.0 21 +1.1c 98 + 2.0¢
25.0 0.0 100

a After 24 h, survival of adults was recorded (percent relative to controls).

T

After incubation for 20 min, changes in absorbance at 412 nm were recorded and
compared with control.

¢ 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.

LDs, lethal dose for 50% mortality was determined by test calculated by ANOVA
program (P < 0.05).

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.

ACs is the concentration producing 50% of acetylcholinesterase inhibition test calcu-
lated by ANOVA program (P < 0.05).

No effect was observed.

Acetylcholinesterase activity of the 100% control correspond to 19.3 mmol ATC split/

=%

o

LSl

mg protein X min

In addition, these results confirm previous find-
ings on quantitative structure activity relationship
of clerodanes derivatives, namely that the anti-
feedant activity of the respective natural product
depends on the polarity of B ring and on the size
of the ester substituents (Camps and Coll 1993;
Rodriguez et al., 1999). On the other hand, this
target was demonstrated also for S. litura larvae
and adult migratory grasshopper’s Melanoplus
sanguinipes. The bark extracts of Melia toosendan;

whose major component is toosendanin, inhibited
midgut esterase activity (Feng et al., 1995) and also
on Leptinostarsa decemlineata (Ortego et al.,
1999). These data suggest that both toxicity and
growth inhibition may be due to the inhibition of
acetylcholinesterase. Therefore, the plant terpenes
may be available as an AChE antagonist (Miya-
zawa et al., 1997; Keane and Ryan, 1999).

In summary, the insecticidal activity of 2 and
hexane/EtOAc extract from M. disticha may be
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due to a synergistic effects shown by the main
components of the mixture in the test systems
used in this investigation. Comparison of insectici-
dal activities of EtOH extracts from Azadirachta
indica and Melia azedarach (Mikolajczak er al.,
1989) showed an inhibitory effect of 58% and
100% at 16 and 80 ppm, respectively, indicative of
the potency of the agarofurans 1, 2 and MeOH
and hexane/EtOAc extracts from M. disticha and
M. boaria, respectively.

Concluding remarks

The effect of the agarofuran 2 and hexane/
EtOACc extract on reducing insect growth, increas-
ing development time and mortality of S. frugi-
perda is similar to that of limonoids such as gedu-
nin and cedrelone (Govindachari et al., 1995). The
mode of action of these compounds is being inves-
tigated and may be due to a combination of anti-
feedant action and postdigestive toxicity, as found
for other limonoids (Nakatani et al., 1994; Isman
et al., 1995). In addition, a furoyloxy group seems
to be important for these activities as showed for
the most potent compound in this study agaro-
furan 2 and the hexane/ethylacetate extract.
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