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Toxicity of Cedrela fissilis to Atta sexdens rubropilosa
(Hymenoptera: Formicidae) and its Symbiotic Fungus

b
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J.B. Fernandes?, M..J A. Hebling!, M. Bacci Jr', P.C. Vieira® &
M.F.G.F. Silva®
ABSTRACT

Crude extracts from roots, stems, branches, fruits and leaves of
Cedrela fissilis were tested to verify their toxicity to Atia sexdens
rubropilosa workers and (o thelr symbiotic lungus Leucoagaricus
gongylophorus, The workers that were fed daily on an artificial diet to
which erude extracts from this plant were added had a higher mortality
rate than the controls, especially for the hexane, dichloromethane and
methanol erude extracts from roots (RH, RD and EM) and from leaves
(LH, LD and LM). Fungal growth was inhibited by the hexane [RH) and
dichloromethane crude extract from roots (RD). The RH, RD and FD
crude extracts were fractioned and their fractions were tested. All the
fractions tested presented toxicity to the ants and some fractions (RH-
H, EH-[3, RD-4 and RD-5) completely inhibited fungus development.
The possibility of controlling these insects in the future using Cedrela
fissilis compounds thal can simultaneously target both organisms is
discussed.

Keywords: insecticidal activity, antifungal activity, leaf-cutting ant,
Levcoagaricus gongylophoris,

INTRODUCTION

More than 11 thousand species of ants are present in nearly all
habitats on Earth, acting on the environment's stability, soil condi-
tions, pollination of plants and seed dispersion (Halldobler & Wilson
1990; Brown Jr. 2000). However, when the environment is altered,
mainly by human activity, these insects can become diflicult pests lo
control. Especially difficull to contral are leal-cutting ants of the genera
Atta and Acromyrmex which are distributed from Argentina to the
southern United States, cause serious damage o a wide variety of
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plants and are a serious crop pest [Weber 1972; Della Lucia & Fowler
1993).

In natural ecosystems, these ants show preference for some plant
species which are constantly defoliated, whereas others are nol al
tacked even though they are abundant and located close the nests
(Cherrett 1968; Hubbell & Wiemer 1983; Liltledyke & Cherrett 1975;
Rockwood 1975, 1976; Garela et al. 2003). Attraction or repellency may
be influenced by different properties of plants, such as density,
hardness, moisture level, nutritional quality, and secondary metabo-
lites [(Hubbell & Wiemer 1983: Hubbell ef al. 1984).

The complex interrelationship between phytophagous insects and
plants are the resull ol a long and continuous evolutionary process
which involves the development of defense mechanisms by the plants
and adaptation of leaf-culting ants to such mechanisms (Febvay &
Kermarrec 1986). These interactions involve numerous secondary
plant metabaolites thal may act on insect growth and development
(Whittaker & Feeny 197 1: Beck & Reese 1976) and are more complex
for Altine ants because the planls are used by lhem to grow lheir
symbiotic fungus (Febvay et al. 1985),

These secondary compounds may serve as powerful toxicants to
deter insects and others herbivores from leeding and in some cases they
serve as a starting point for developing novel insecticides, as in the case
ol the synthetic pyrethroids (Elliott & Polter 1978). Finally, there is a
great interest in the study of species of the Meliaceae family due to the
presence of some lmonoids, belonging to the terpenolds class, that
have displayed biological activity on a variety of insects acting as
feeding deterents, ovipositional repellents and growth inhibitors [Cham-
pagne et al. 19849).

The main objective of this study was to determine the toxicity of
Cedreln fissilis to leal-cutting workers of the species Alla sexdens
ribrapilosa and to their symbiotic ungus Leucoagaricis gongilophorus.

MATERIALS AND METHODS

Preparation of Cedrela fissilis crude extracts

Roots, stems, branches, [ruits and leaves of Cedrela fissilis Vell,
(Rutales: Meliaceae) were collected at the Campus of Universidade
Federal de 5ao Carlos, Sao Carlos, SP, Brazil in June 2001, dried in an
air-circulation slerilizer at 40°C, for approximately 24 hours and
pulverized in an electric grinder. A known mass of dried and ground
material was macerated for three days, three times, at room tempera-
ture and resting with solvents of increasing polarity [hexane,
dichloromethane and methanol). At the end of this period, the extracts
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were filtered in paper, resulting in:

Root - hexane extract [EH), dichloromethane extract (RD) and
methanol extract [RM) J

Stem - hexane extract [SH), dichloromethane extract (SD) and
methanol extract (SM)

Branch - hexane exiract (BH), dichloromethane extract (BDD)) and
methanol extract (BM)

Fruit - hexane extract [FH), dichloromethane extract (FD] and
methanol extract (FM)

Leaf - hexane extract (LH), dichloromethane extract (LD) and metha-
nol extract (LM)

Chemical fractioning of crude extracts

RH exiract was submitted to liguld chromatography in a vacuum
syntherized plate funnel, using silica gel as the stationary phase and
eluents with increasing polarity [hexane, dichloromethane, ethyl ac-
etate and methanol), obtaining 4 fractions: RH-H, RH-D, RH-E and RH-
M.

RD extract was done with successive chromatographic columns,
having silica as the stationary phase. Initially a column was made using
solvents with increasing polarily (hexane, dichloromethane, ethyl
acetate and methanol). The olher columns were made isocratically:
hexane /dichloromethane facetone (6:3:1). The fractions obtained were
RD-3, RD-4, RD-5, RD-8, RD-8 and RD-9,

For the LD extract, a similar procedure to the fractioning of the RH
extract was done, obtaining the following fractions: LD-H, LD-D, LD-E
and LD-M.

Ants' bioassays

The Atta sexdens rubropilosa workers used in the assays were
randomly picked up from laboratory nests. They had a body mass of 20-
25 mg. Before the assays the nests were supplied daily with leaves of
Eucalypius sp., val seeds and occaslonally with leaves of other plants
such as Hibiscus sp., Ligusirum sp. or rose petals, Filty ants were put
into five Petri dishes (ten ants each) for each treatment. During the
assays the ants were maintained on an artificial diet prepared with
glucose (50 ¢ liter '], bacto-peptone (10 g liter '), veast extract (1.0 g liter
'} and agar (15 g liter ') in distilled water (100 ml) (Bueno et al. 1997).
The diet [0.4-0.5 g per dish) with the addition of Cedrela fissilis extracts
{experimental) or without (control) were offered daily in a small plastic
cap, The control was prepared with the diet and the solvent. To ensure
that undetectable remaining amounts of the solvent did not affect the
ants, a comparison was made with another set of dishes in which water
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was used instead of solvent. As expected, the same survival rates were
obtained with both systems (data not shown). The compounds were
poured into the hot diet immediately after sterilization. The final
concentrations of material added to the diet were 2000 mg ml" for the
crude extracts and between 700 — 2000 mg ml! for the fractions,
according to the amount of material available (Table 2). During the
assays the ants were maintained in an incubator at temperature of 25
(x1) °C and relative humidity ranging between 70-80% for maximum
length of 25 days and the number of dead was registered daily. The
survival average 50% (S,) was calculated and survival curves were
compared by the computer-assisted software Graph-Pad™ using the
log-rank test.

Fungus’ bioassays

The fungus Leucoagaricus gongylophorus (Singer) Moéller (syn Rozites
gongylophorus) was isolated from a nest of Atta sexdens rubropilosa. As
previously described by Pagnocca et al. (1996) the culture medium used
for both culture maintenance and experimental assays had the follow-

Table 1. Mortality (%) of Atta sexdens rubropilosa workers fed on Cedrela fissilis crude extracts*

Day
1 7 3 6 8 10 14 1 24 2875555
Extracts

Control H 0 0 0 4 6 14 38 56 74 86 17a
RH 0 0 10 26 56 86 100 - - - 8b
SH 0 4 4 4 10 20 32 44 76 96 18a
BH 0 0 2 8 20 26 42 62 72 9077154
FH 0 4 10 16 22 26 36 56 86 96, ‘Vla

LH 0 0 2 30 46 60 90 100 - - 9b
Control D 0 0 0 4 6 14 38 56 74 86 17a
RD 0 4 8 34 48 56 74 90 92 92 9b
SD 0 2 2 6 18 26 44 62 88 92 16a
BD 0 2 2 10 12 24 42 74 84 88 “16a
EFD 0 2 2 8 16 26 46 58 76 94 15a
LB 0 0 2 36 50 76 96 98 100 - 9b
Control M 0 0 4 14 20 26 48 60 84 94 1b6a
RM 0 2 6 12 20 34 66 86 92 -~ 100 “13b
SM 0 4 10 28 30 40 56 76 g0+ 100123
BM 0 2 4 10 22 28 48 72 94 100 15a
FM 2 4 4 8 12 22 58 76 82 92 +13a
LM 0 0 4 32 58 76 98 100 - - 8b

*Ants were fed on a solid diet without addition (control) or with addition of Cedrela fissilis
compounds (experimental) at concentration of 2000 mg ml™.

**8,, = survival median 50%. Different letters after the S, values show a significant difference
according to the log-rank test (p < 0.05).

R =roots; S = stems; B = branches; F = fruits; L = leaves; H = hexane; D = dichloromethane; M =
methanol.
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Table 2. Mortality (%) of Atta sexdens rubropilosa workers fed on Cedrela fissilis extracts partially
purified *

Concentration Day
(mgml') 1 2 3 6 8 10 14 7 21 25 S,
Fraction
Control H - 0 0 2 14 26 38 62 84 90 96 13a
RH-H 1000 0 4 4 36 56 80 96 98 100 - 8b
RH-D 2000 0 6 14 34 60 70 98 100 - - 7b
RH-E 2000 0 4 10 48 62 78 96 100 - - 7b
RH-M 2000 0 4 12 70 78 98 100 - - - 5b
Control D - 0 0 4 14 28 42 78 86 98  100. 11a
RD-4 700 0 4 10 48 62 70 96 96 100 - 7b
RD-5 700 0 2 6 42 64 86 100 - - - 7b
RD-6 1200 0 6 18 52 66 88 100 - - - 6b
RD-8 500 2 2 12 42 58 74 96 98 100 - 8b
RD-9 900 0 6 8 38 48 68 94 98 100 - 9b
LD-H 2000 0 2 2 40 D2 68 92 96 100 - 8b
LD-D 2000 0 0 2 42 64 82 100 - - - 7b
LD-E 2000 0 0 4 34 60 80 98 100 - - 8b
LD-M 2000 0 12 16 46 68 76 90 96 100 - 8b

* Ants were fed on a solid diet without addition (control) or with addition of Cedrela fissilis
compounds (experimental) in different concentrations.

** 8., = survival median 50%. Different letters after the S, values show a significant difference
according to the log-rank test (p < 0.05).

R = roots; L = leaves; H = hexane; D = dichloromethane; E = ethyl acetate; M = methanol.

ing composition: peptone (5.0 g liter); sodium chloride (5.0 g liter');
malt extract (10.0 g liter!); glucose (10.0 g liter') and agar-agar (15.0
g liter!). The fungal growth of one-month-old slant culture (five or six
tubes) was aseptically transferred to an all-glass tissue grinder contain-
ing sterile peptone (1 g liter'; 30 ml) and weakly fragmented. After that
it was diluted to about 120 ml with a sterile saline solution in order to
obtain a mycelial suspension for inoculation. For the assays, a meth-
ylene chloride suspension of the test compound (1.0 ml) was added to
the culture medium (9.0 ml) in screw-cap test tubes (20 mm x 150 mm).
The final concentrations of crude extracts obtained from Cedrela fissilis
in the test tubes were 1000 mg ml!, whereas the final concentrations
of the fractions were variable between 138 — 579 mg ml’, according to
the amount of material available (Table 4). The material was sterilized
at 121 °C for 10 min and slanted. The mycelial suspension was gently
spread onto the surface of the agar slant, and incubated at 25 (x1) °C
for 30 days. The assays were run twice using five tubes of each
concentration every time. A set of ten tubes containing 1.0 ml of
methylene chloride and 9.0 ml of the culture medium was used as
control during the assays. To certify that undetectable remaining
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Table 3. Inhibitory effect of crude extracts obtained amounts of the solvent did not
fron_w Cedrela fissilis on symbiotic fungus of leaf- affect fungal growth, a com-
cutting ants g i

parison was made with another

Crude Extract * Tissue Inhibition of fungal set of tubes in which water was
growth (%) ** used instead of solvent. Both

s ~3rem 00 systems produced the same
Stens 20 results (100% fungus growth;
Branches 40 see footnote, Tables 3 and 4).
Fruits 0 Fungal growth was estimated
Leaves 40 : :

4 T e 106 macroscoplcally on the basis of
Stoms 0 the mycelial surface and den-
Branches 20 sity after 30 days of incubation
Fruits 0 using the same pattern previ-
Leaves 0 ;

7 Ao rs ously described by Pagnocca et
Sloms 0 al. (1996). The modal values
Branches 20 were registered.
Fruits 0
Leaves 20 RESULTS

* Concentration = 1000 mg ml-! Bioassays with crude

** Control with and without solvent = 0% inhibition of €Xtracts

fungal growth The survival of the workers

** Dry-weight of inoculum = 7.0 + 0.2 mg ml-! was significantly reduced (p <
0.05) in the diets containing

the crude extracts RH, LH, RD, LD and LM (Table 1). Furthermore, the

RH and RD extracts completely inhibited the development of the

symbiotic fungus while the other extracts were less powerful or showed

no activity (Table 3).

Bioassays with fractions of roots and leaves

The fractions obtained from RH (RH-H; RH-D; RH-E; RH-M), from RD
(RD-4; RD-5; RD-6; RD-8; RD-9) and from LD (LD-H; LD-D; LD-E: LD-
M) were tested in bioassays with ants and all of them were toxic (Table
2)

The same fractions derived from RH and RD were used in tests with
the symbiotic fungus and some (RH-H; RH-D; RD-4; RD-5) completely
inhibited its development (Table 4).

DISCUSSION

Traditional control of ants with insecticides, in spite of its efficiency,
is still a problem because of their nonselective toxicity (Loeck & Nakano
1982; Vilela & Howse 1988). There is a growing necessity for ant control
without ecological injury, one that does not lead to selection of resistant
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Table 4. Inhibitory effect of fractions of hexane
and dichloromethane crude extracts (root) of
Cedrela fissilis on symbiotic fungus of leaf-
cutting ants

Fraction Concentration Inhibition of

(mg ml") fungal growth
(%) *
RH-H 300 100
RH-D 270 100
RH-E 138 60
RH-M 579 0
RD-3 430 80
RD-4 570 100
RD-5 424 100
RD-6 412 80
RD-7 160 20
RD-8 214 0
RD-9 336 40

* Control with and without solvent = 0%
inhibition of fungal growth

** Dry-weight of inoculum = 7.4 + 0.4 mg.ml’
R =roots; H = hexane; D = dichloromethane;
E = ethyl acetate; M = methanol.
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populations, and that can be effec-
tive, specific and enduring (Diehl-
Fleig'et al. 1988; Silva & Diehl-Fleig
1988). The natural products of
higher plants may represent new
alternative methods for the control
of these economically important in-
sects (Balandrin et al. 1985; Bueno
et al. 1990) and the tropical plants
have proved to be a rich source of
biologically active substances (Isman
1989).

The present results show that
there was a strong mortality of Atta
sexdens rubropilosa workers which
were fed daily with an artificial diet
containing crude extracts and all
fractions from roots and leaves of
Cedrela fissilis. In addition, an in-
hibitory effect on fungal develop-

ment was observed to crude ex-
tracts and some fractions of roots from this plant. Similar toxic effects
to leaf-cutting ants and their symbiotic fungus were observed in studies
with Vismea baceifera (Howard 1988), Sesamum indicum (Pagnocca et
al. 1990; Bueno et al. 1995; Ribeiro et al. 1998; Bueno et al. 2004 a, b;
Morini et al. 2005), Virola sebifera (Pagnocca et al. 1996), Ricinus
communis (Hebling et al. 1996; Bigi et al. 1998, 2004), Canavalia
ensiformis (Monteiro et al. 1998; Hebling et al. 2000a), Ipomea batatas
(Hebling et al. 2000b) and Picramia teapensis (Rodrigues-Gamboa et al.
2000).

Probably the effects observed are due the action of some secondary
metabolites present in the tissue of this plant. Plant compounds toxic
for insects have long been known and used as insecticides, such as
pyrethrin, nicotine and rotenone, which were obtained, respectively,
from Chrysanthemum, Nicotina and several species of Leguminosae
family (Godfrey 1994; Vieira & Fernandes 1999). Recently, Bigi et al.
(2004) studied the effects of ricinine isolated from Ricinus communis
leaves to Atta sexdens rubropilosa workers and their symbiotic fungus
and related toxic effects for the former but not for the fungus.

Further research is needed to identify the chemical compounds from
Cedrela fissilis roots and leaves responsible for the toxic effects and to
evaluate their potential as insecticides and/or fungicides for the control
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of leaf-cutting ants. However, this process of isolation and structural
determination devoted many years and, sometimes, the separation of
these compounds during the different steps of purification can result
in no or lower inhibitory effect for most of the fractions, indicating that
the inhibitory activity could be due to the joint action of these
compounds rather than to the action of a single substance (Ribeiro et
al. 1998; Morini et al. 2005).
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