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A resposta comportamental de machos e fêmeas adultos de Pseudopiazurus obesus
(Boheman, 1838) (Coleoptera: Curculionidae) a várias fontes de odores foi avaliada em um
olfatômetro de tubo em Y. insetos machos e fêmeas foram significativamente mais atraídos
para uma combinação dos voláteis emitidos pelos machos da espécie e pela planta hospedeira,
sugerindo a existência de um feromônio de agregação produzido pelos machos. Análises
comparativas dos voláteis emitidos pelos machos e fêmeas revelaram três compostos macho-
específicos, em uma relação de 77:14:9, dando suporte químico às observações comportamentais.
(1R,2S)-(+)-Grandisal e (1R,2S)-(+)-grandisol foram identificados como sendo os compostos
majoritário e intermediário, respectivamente, enquanto que a estrutura química do componente
minoritário, que parece ser um novo derivado do grandisol, ainda necessita ser determinada.
Estes três compostos são os principais candidatos a feromônio na espécie.

The behavioral responses of adult male and female Pseudopiazurus obesus (Boheman, 1838)
(Coleoptera: Curculionidae) to several odour sources were evaluated in a Y-tube olfactometer.
Males and females insects were significantly more attracted to a combination of volatiles released
by males of the species and host plant, suggesting the existence of a male-produced aggregation
pheromone. Comparative analysis of the volatiles released by males and females revealed three
male-specific compounds, in a ratio of 77:14:9, providing a chemical support to the behavioral
observations. (1R,2S)-(+)-Grandisal and (1R,2S)-(+)-grandisol were identified as the major and
intermediate compounds, respectively, while the chemical structure of the minor compound,
that seems to be a new grandisol derivative, still remains to be determined. These three compounds
are the most important pheromone candidates in the species.
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Introduction

Larvae of the papaya borer weevil, Pseudopiazurus
obesus (Boheman, 1838) (Coleoptera: Curculionidae),
cause irreversible damage on papaya stalks due to the
destruction of meristematic tissues and sap flow clogging
and may kill a plant under high infestations. This species
is only exposed to control measurements in its adult form,
since larvae and pupae complete their development within
the stalk; therefore, they are protected from conventional
control methods based on chemical insecticides.1 The
species is detected in all Northeast of Brazil, with special
incidence in the States of Bahia and Rio Grande do Norte.1

The combination of biological, behavioral, and chemical
studies for the use of semiochemicals, particularly
pheromones, has been applied and used in large scale against
many agricultural pests, representing a safe and lasting
alternative in control programs against insect pests by means
of monitoring or mass trapping or disruption techniques,
either to detect pest species or to prohibit the entry of non-
native species in the cultivated area.2

This study aimed at providing evidence for semio-
chemical mediation on the chemical communication
between conspecific individuals in P. obesus, and to
identify the candidate structures of corresponding
compounds as a foundation for the further development
of an integrated pest management program against the
papaya borer weevil.
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Experimental

Rearing of papaya borer weevils under laboratory
conditions

The insect colony was started by collecting pupae
during 2002 and 2003 in papaya producing areas located
near the cities of São José do Mipibu, Vera Cruz, and
Monte Alegre, in the State of Rio Grande do Norte, Brazil.
To obtain adult insects, pupae were placed in screened
cages measuring 6 cm height by 15 cm diameter and taken
to the Laboratory of Semiochemicals of the Department
of Chemistry at Universidade Federal do Paraná (UFPR),
in Curitiba, PR, Brazil. Pupae were kept for 25 days in an
incubator, adjusted at 12 hours photophase: 12 hours
scotophase, temperature of 26 ± 2 °C, and relative
humidity of 75 ± 10%. Upon emergence, adult insects
were sexed,3 and placed in plastic screened cages with
ventilation at the sides and maintained under the same
conditions as described above. Adults were fed a natural
diet consisting of pieces of fresh papaya stalk. The cages
were cleaned, and the food supply was replaced at regular
intervals of three days.

Collection of volatiles from male and female insects

Groups of 30 males and females from 20-40 days old
were placed in different all-glass aeration chambers, under
the above mentioned climatic conditions, and the volatiles
were trapped on Super Q (Alltech, Deerfield, Illinois,
USA) columns for 24 hours.4 A humidified charcoal-
filtered airstream (1 L min-1) was maintained through the
aeration apparatus. The columns were washed with
distilled hexane, and the extracts were concentrated to 1
insect equivalent (1 IE μL-1) under an argon stream in a
clean conical bottom vial.5 Due to the fact that P. obesus
needs the presence of food to release sex-specific
components,6 the foodstuff was available for the insects
on the aeration chamber during the all 24 hours of aeration
(extract A) or; the foodstuff was removed from the aeration
chamber after the first hour of aeration (extract B). This
procedure was employed to guarantee the presence of sex-
specific components in the extract and to avoid
contaminations with plant volatiles.

Laboratory bioassays

Prior to the bioassays under olfactometer conditions,
odor propagation simulation tests were performed to
visualize the plume distribution inside the system. To
accomplish this, hydrochloric acid and ammonium

hydroxide were mixed, following the method described
by Baker and Linn.7 The air speed in the system was
adjusted to 2.5 L min-1, and it was previously humidified
and filtered on active charcoal. The olfactometer consisted
of a Y-shaped glass tube of 2.5 cm diameter. The aim tube
of the olfactometer was 40 cm in length and the two arms
were each 20 cm in length. Behavior of male and female
papaya borers was bioassayed using the following test
samples: 1) aerated extract of males (extract B) vs control
(hexane solvent); 2) aerated extract of females (extract
B) vs control; 3) aerated extract of males (extract A) +
food (fresh pieces of papaya stalk) vs control; 4) aerated
extract of females (extract A) + food vs control; 5) food
vs control (air); and 6) aerated extract of males (extract
A) + food vs food + hexane. Food stalk was added to
guarantee the presence of very volatiles food components
that, eventually, were not effectively trapped on Super Q.
At the base of the olfactometer, 1 male or 1 female of P.
obesus were placed. Tests, each lasting 15 minutes, were
repeated 10 times. Above-mentioned samples were placed
at the end of one of the arms, using filter paper
impregnated with 3.0 μL of the solution, while the same
volume of hexane was used as a control at the end of the
other arm. After the runs, the system was left running
with clean air for additional 15 minutes, and the sources
of odor were changed at the olfactometer arms to prevent
the insects from getting habituated to possible odors
trapped at those places. Bioassays were conducted 4 hours
after the beginning of the scotophase, because this time
corresponded to the period when male insects showed
highest activity in the production of sex-specific volatiles.6

Only insects that reached the arms of the olfactometer
and remained near the odor source were considered.

Analytical procedures

 For gas chromatographic analyses (GC) and coupled
gas chromatography-mass spectrometry (GC-MS), 1 mL
of the extracts were injected into a gas chromatograph
(model Varian 3800), equipped with FID, electronic
pressure control, and operated in splitless mode. A VA-5
(30 m × 0.25 mm × 0.25 μm) capillary column was used
under temperature program: 50 °C for 3 min with an
increase of 7 °C min-1 until 250 °C and maintained for
additional 10 min. Chromatograms obtained with extracts
of females and males were checked for sex specific
differences. Mass spectra were recorded on a Varian Saturn
2000 GC-MS-MS ion trap detector using the same type
VA-5 capillary column under the same conditions as
described above. Enantioselective gas chromatography
was carried out by using a 25 m × 0.25 mm × 0.25 μm
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fused silica capillary column coated with Hydrodex-β-6-
TBDM (Macherey & Nagel, Düren, Germany) under
temperature program: 3 min at 60 °C then programmed
to 180 °C at a rate of 3 °C min-1.

Reference compounds, synthesis, and derivatizations

Racemic grandisol (98% purity) was purchased from
Bedoukian Research Inc. (Danbury, CT, US). Pure
(1R,2S)-(+)-grandisol was kindly provided by Prof. Dr.
Kenji Mori, Tokyo.8 The synthesis of grandisal from
grandisol was carried out by oxidation with pyridinium
chlorochromate.9 Micro-reduction of natural grandisal to
grandisol was carried out by LiAlH

4
.11 Preparation of the

trifluoroacetate of grandisol was carried out according to
Hibbard and Webster.10

(±)-cis-1-Isopropenyl-1-methylcyclobutaneethanal
(grandisal)

Pyridinium chlorochromate adsorbed in Al
2
O3 (2.99

g; 2.43 mmol) was suspended in dry CH
2
Cl

2
 (18 mL) at

25 °C. (±)-Grandisol (0.15 g; 0.99 mmol) in CH
2
Cl

2
 (0.5

mL) was added in one lot to the stirred solution. After 2h,
the black reaction mixture was filtered through a short
pad of SiO

2
, Celite® and active charcoal. The solvent was

removed under reduced pressure and the residue obtained
(0.12 g) was directly analysed by GC-MS. The retention
time and MS data of synthetic grandisal were identical to
that of the major component of the natural pheromone.

Micro-reduction of natural grandisal to grandisol
The natural extract of P.obesus (~ 50 μL) was

concentrated to 1-3 μL and dissolved in dry Et
2
O (100

μL). LiAlH
4
 (1-4 mg) was added and the mixture was

stirred at room temperature for 20 min. Water (100 mL)
was added and the organic layer was removed and dried
over Na

2
SO

4
. The sample was directly analyzed by GC-

MS.

Preparation of the trifluoroacetate of grandisol
Grandisol (0.01 g; 0.06 mmol) was dissolved in CH

2
Cl

2

(2 mL) and one drop of trifluoracetic anhydride was added.
The solution was kept at 70 °C for 1h. The reaction mixture
was evaporated to a few μL by a slow stream of argon, to
remove the volatile trifluoroacetic acid formed. The
residue was dissolved in hexane (2 mL) and analyzed
directly by GC-MS. The natural extract of P. obesus was
trifluoracetylated in a similar way. MS (70 eV): m/z (%):
250 (M+, 0.09); 235 (0.15); 222 (0.18); 136 (1.19); 121
(1.48); 109 (8.63); 93 (7.03); 69 (13.51); 68 (100); 67
(33.92); 53 (11.12); 41 (11.78).

Statistical procedures

The data obtained with insects that reached the
corresponding odor sources were transformed to
percentage values and means were compared by the t test
using the Statistic software package Stat Soft, Inc.12

Results showing P ≤ 0.05 were considered statistically
significant.

Results and Discussion

Behavioral responses of P. obesus males and females
to distinct treatments are shown in Table 1. In bioassay 1,
the attractiveness of both sexes to the extract from male
insects was not significantly different when compared with
the control treatment (P > 0.54), i.e., when evaluated alone,
extracts from male insects did not significantly influence
the behavior of their conspecifics. In bioassay 2, when
compared with the control treatment, neither males nor
females of P. obesus showed significant differences in the
reaction to the extract from female insects (P > 0.21 male
and P > 0.35 female). Similar to the previous assay, the
females proved to be not attractive to conspecifics.

In bioassay 3, the evaluation of male and female insects
to the extract of males added to fresh pieces of the host
plant showed significant differences in attractiveness to
both sexes when compared with the control treatment,
with an attractiveness similar for males and females (P ≤
0.001). Bioassay 4 showed that the extract of female
insects, added to fresh pieces of the host plant, did not
significantly enhance the attractivity as compared to the
control treatment (P > 0.20 for males and P > 0.67 for
females). The results obtained in bioassays 2 and 4
demonstrated that the volatiles released from female
insects, alone or in combination with the host plant, did
not show any biological activity on conspecifics, indicating
respective compounds not to be involved in aggregation
and/or sexual behavior. On the other hand, the results of
bioassay 3 suggest the existence of specific chemical
compounds in male extracts, which perhaps could be
responsible for chemical communication in the species.

In order to verify the activity of components present
in the natural diet, the reaction of male and female insects
to host plant volatiles vs control was evaluated in bioassay
5. As a result, both sexes were significantly attracted to
plant volatiles but did not react to the control (air); (P <
0.03) for males and (P < 0.02) for females. However, plant
volatiles proved to be less attractive to males and females
than a mixture of volatiles of males and of their host
components, as showed in bioassay 6; (P < 0.004) for
male and (P < 0.006) for females.
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Our bioassays clearly show that both sexes of the
papaya borer weevil are attracted to mixtures of volatiles
of males and their host plant, indicating the presence of a
male-produced aggregation pheromone that acts in
synergism with host plant kairomones.

The gas chromatograms of volatiles from males and
females of P. obesus show three male-specific components,
represented by compounds a (main 77 %), b (intermediate
14 %), and c (minor 9 %), providing a chemical support
for the data from bioassay 3 and 6 (Figure 1).

Investigations by coupled gas chromatography-mass
spectrometry provided analytical data and fragmentation
pattern that strongly suggested a and b to be grandisal
[KI 1127/DB-5; ions of m/z 67, 68 (base peak), 108, and
152 M+] and grandisol [KI 1212/ DB-5; ions of m/z 67, 68
(base peak), 109, and 154 M+], respectively (Figure 2).13,14

Structural assignments were confirmed upon co-injection
with authentic samples. The structure of the minor
compound c remained unidentified. However, the GC-MS
analysis [KI 1271/ DB-5; ions of m/z 69, 111, 139 (base
peak), and 152 M-18] (not shown) suggest the structure
as a new grandisol derivative.

To determine the absolute configuration of grandisal
a and grandisol b, enantioselective gas chromatography
was used, employing a modified cyclodextrin as the
stationary phase. While the enantiomers of grandisol could
not be separated, the corresponding trifluoroacetates
showed base line separation under the used conditions,
providing an α-value of 1.026 (rt (-)-grandisol: rt (+)-
grandisol) (Figure 3). Comparison of the retention time
of the derivative of the natural grandisol with those of
synthetic samples, revealed the natural product to be the
enantiomerically pure (1R,2S)-isomer. Grandisal could not
be resolved under the employed condition, however,
treatment of the crude extract with lithium aluminium
hydride, followed by trifluoroacetylation10 exclusively
produced the trifluoroacetate of (1R,2S)-grandisol while
the mixture did no longer contain grandisal. Therefore,
the grandisal produced by male P. obesus shows (1R,2S)-
configuration (Figure 4).

Table 1. Male and female P. obesus responses to distinct treatments in type Y-tube olfactometer

Bioassaya Source 1 vs Source 2 Sex responding Responseb (%) to
source 1 vs. source 2

1 Extract of males vs solvent Male  5a 10a
Female 10a 10a

2 Extract of females vs solvent Male 15a 30a
Female 20a 10a

3 Extract of males + host plant vs solvent Male 60a 5b
Female 50a 10b

4 Extract of females + host plant vs solvent Male 15a 25a
Female 15a 10a

5 host plant vs air Male 25a 5b
Female 25a 5b

6 Extract of males + host plant vs host plant + solvent Male 50a 15b
Female 40a 15b

aSee experimental part for details. bNumbers followed by the same letter are not significantly different (t test; P ≤ 0.05).

Figure 2. MS and chemical structures of compounds a, grandisal, and b,
grandisol.

OH

b =

O
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Figure 1. GC analysis of volatiles obtained from male and female P. obesus
insects, showing three male-specific compounds, a, b and c.

time/min
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b
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Both grandisal and grandisol are widespread
components of weevil pheromones.15 Grandisol produced
by P. obesus shows the same (1R,2S)-configuration as in
Anthonomus and Pissodes species.15 The configuration of
grandisal produced by the papaya weevil is again the pure
(1R,2S)-enantiomer. In contrast, that of the pine weevil
Pissodes strobi shows an enantiomeric excess of only 20%,
while that of Pissodes nemorensis is even represented by
the almost pure (1S,2R)-enantiomer.10 The enantioselective
biosynthesis of grandisol and grandisal appear to be
significant for the behavior and interspecific
discrimination of certain species of weevils.16 Pheromone

biosynthesis has been investigated in several representative
species from families of Coleoptera, as in the
Scarabaeidae,17 however, the studies of pheromone
production by the weevils have focused on the boll weevil,
Anthonomus grandis.18

Synergistic actions between pheromones and host plant
odors are widespread among insects, and have been
reported for more than 34 weevil species.15,19-22 The
attractivity of aggregation pheromones that contain both
grandisal and grandisol as in Pissodes species, like P.
nemorensis23 and P. approximatus,24 is strongly augmented
by host volatiles.

Figure 3. GC of racemic trifluoroacetylated grandisol and (1R,2S)-(+)-grandisol trifluoroacetylated.
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Figure 4. GC of reduced trifluoroacetylated natural extract and trifluoroacetylated (1R,2S)-(+)-grandisol.
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Our results demonstrate that communication in P.
obesus is mediated by semiochemicals, more specifically
by insect produced aggregation pheromones in
combination with plant produced kairomones. The male
specific (1R,2S)-grandisal a, (1R,2S)-grandisol b and the
yet unknown minor component c are the most important
pheromone candidates in the species. Studies are underway
to elucidate the structure of the unknown compound, in
order to be possible to evaluate the biological activity of
the complete 3-component blend on P. obesus. Similarly,
investigations on the identification of the structures of
plant volatiles that act as synergists are in progress.
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