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Abstract—The phlebotomine sandfly Luizomyia longipalpis Lutz and Neiva,
the vector of visceral leishmaniasis in South America, has recently been shown
to produce an oviposition semiochemical. In the present study it was found
that a nonpolar extract of eggs was attractive and/or stimulatory to ovipositing
females. A chromatographic investigation indicated the presence of similar
compounds in accessory glands and egg extracts. Extract of accessory gland
was also found to elicit a positive oviposition response. It is concluded that
the pheromone is produced in the accessory glands and is secreted onto the
eggs during oviposition.
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INTRODUCTION

Pheromones from the eggs of a number of heamatophagus Diptera have been
shown to attract ovipositing females; these include Culex quinquefasciatus Say
Wiedmann (Bruno and Laurence, 1979; Sakaibara et al., 1984; Laurence et al.,
1985; Laurence and Pickett, 1985; Hwang et al., 1987). A review of the various
Culex species oviposition site selection cues, including orientation toward egg
pheromone sources, is given by Bentley and Day (1989). Ovipositing Aedes
atropalpus Coquillett are also attracted to an oviposition attractant produced by
immature stages (Kalpage and Brust, 1973). Furthermore, Soman and Reuben
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(1970), showed that gravid Aedes aegypti (L..) females were attracted to water
containing immature stages of the same species.

Recently, Elnaiemn and Ward (1990, 1991a) showed that eggs of the sandfly
Lutzomyia longipalpis Lutz and Neiva have an attractant and/or stimulant effect,
related to the presence of a semiochemical, perceived by conspecific, ovipositing
females. When eggs were washed in a series of polar and nonpolar solvents,
the oviposition response was no longer elicited. This demonstrated that the
oviposition attractant and/or stimulant effect was chemically mediated, and not
due solely to a visual or tactile effect of the eggs.

The ficld behavior of L. longipalpis during oviposition is little studied. The
females are known to be gonotrophically concordant and pass through more than
one gonotrophic cycle (Guilivard et al., 1980, Dye et al., 1987). A major
problem in the study of the transmission of leishmaniasis is the very high mor-
tality rate found at oviposition. This is attributed to the difficulty in matching
laboratory and field conditions. Females are known to lay up to 100 eggs in a
single oviposition but the normal number is 40. In the wild, the eggs are thought
to be laid in microhabitats, such as cracks and crevices (Young et al., 1926;
Lewis and Kirk, 1954; Ward, 1974), rich in organic nutrients and are difficult
to find in normal circumstances. The eggs are laid in humid conditions and it
is known that control of temperature and humidity is an essential requirement
of colony maintenance (Killick-Kendrick, 1977).

The photoperiod does not affect the success of oviposition of L. longipalpis
but does markedly alter the oviposition periodicity (Ready, 1976). Based on
laboratory observations it appears that some species are capable of long periods
of dormancy (Johnson and Hertig, 1961). While capable of withstanding desic-
cation, the eggs are resistant to prolonged immersion (Chaniotis, 1967). This is
a useful adaptation in a terrestrial insect that may often suffer temporary inun-
dation due to rainfall.

Accessory glands of many female insects produce secretions which are
present in or on oviposited eggs (Adiyodi and Adiyodi, 1989). In the present
study, therefore, we investigated if organic or aqueous extracts of L. longipalpis
eggs retained biological activity similar to that induced previously by the use of
whole eggs. In addition, a chromatographic investigation was carried out to
determine if the female accessory glands had a role in the production of the
semiochemical.

METHODS AND MATERIALS

Colonization

The sandfiies used in the experiments were L. longipalpis established from
flies collected at Jacobina, Bahia, Brazil, and maintained in the laboratory for
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6 years using methods described by Modi and Tesh (1983), at 95% RH, a room
temperature of 28°C, and a 12h L: D photoperiod.

Female L. longipalpis were fed on Syrian hamsters anesthetized with 12
mg/ml of sodium pentabarbitone and were kept for 4 days to allow for complete
defecation and oogenesis before use in bioassays.

Sample Preparation

All eggs used for extraction purposes were taken from colony rearing pots
1 to 2 days after oviposition. To prepare the nonpolar egg extract, 1000 eggs
were placed in a 2-ml microvial (Alltech) and left for 24-hr at —70°C in 100
pl of pesticide-grade hexane (BDH Chemicals). Accessory gland extracts were
prepared from 50 gravid females that had been blood-fed 4 days previously.
The glands were excised under a stereoscopic microscope and the tissue was
transferred to a 2-ml microvial using a micropipette and extracted as described
above. The remaining female bodies were also similarly extracted, to provide
material for a negative control. To prepare the polar extract 1000 eggs were
placed in a 2-ml microvial and extracted in 100 ul of double-distilled, deionized
H,0 at 3°C for 24 hr; 100 accessory glands and the remainder of the female
bodies were also similarly extracted. The preparation of material for HPTLC
and GC analysis used the same protocol as described above. Five hundred L.
longipalpis eggs and 50 excised female accessory glands were extracted in 20
ul of hexane. Further, for GC analysis, five whole male, whole female, and
female flies without accessory glands were extracted in 40 ul of hexane. Samples
were stored at —70°C.

Bioassay

Only eggs laid in the test and control sites were counted. The bioassay was
an adaptation of that used by Elnaiem and Ward (1991). The bioassay chambers
were modified polymethylpentene (BDH apparatus) rearing pots. Modifications
included the use of two oviposition areas, 2 cm?, termed test and control, with
lightly demarcated perimeter grooves on the plaster of paris base.

Six bioassays were conducted, each with 10 replicates, using 20 females
per replicate. In each oviposition chamber a 10 gl aliquot of sample extract was
pipetted onto the plaster of paris base at the test site. The control was 10 ul of
pure extraction solvent. This test volume consistently gave an equivalent of 100
eggs, accessory glands from five females, or five female bodies without acces-
sory glands. Bioassays performed were (a) nonpolar egg extract versus hexane
control, (b) nonpolar accessory gland extract versus hexane, (c) polar egg extract
versus water control, (d) polar accessory gland extract versus water, (¢) nonpolar
extract of females without accessory glands versus hexane, and (f) polar extract
of females without accessory glands versus water.

After loading the oviposition areas in the bioassay chambers with the test
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and control samples, 20 gravid females were introduced and left for 3 days
under normal colonization conditions. The females were provided with a small
wad of cotton wool, soaked with a saturated solution of sucrose, placed on top
of the oviposition chamber. Provision of a sugar meal is known to increase the
number of eggs laid per sandfly (Ready, 1979).

Statistical Analysis

The bioassay design gives a matched pair of results, which was found to
be nonparametric. As such, Wilcoxon’s rank paired test was employed to a 95%
confidence level.

Chemical Analysis

High-Performance Thin-Layer Chromatography (HPTLC). High-perfor-
mance TLC plates were 10 X 20 cm, coated with a 200-um-thick layer of silica
(Whatman Lab Supplies). The developing solvent was a 1: 1 chloroform/hexane
solution (BDH Chemicals), described by Kates (1986), for nonpolar lipids.
HPTLC plates were prepared by baking at 200°C for 24 hr and then cleaned
by running twice in the solvent system. Twenty-microliter aliquots of egg and
accessory gland extract (25 female equivalents) were applied to the plates with
2-ul capillary tubes. Twenty micrograms of each of five standards (cholesterol,
cholesterol linolenate, cholesterol stearate, squalene and caryophyllene oxide;
Sigma Chemicals) was applied to the plate. Plates were visualised by ultraviolet
light at 302 nm, followed by charring with concentrated H,SO,/EtOH solution
(1:1, v/v) and baking at 110°C for 10 min. Comparisons of samples and stan-
dards were carried out using R, values.

Gas Chromatography. Gas chromatography was performed on a Shimadzu
GC-15a (Dyson Instruments), fitted with a Grob splitless injection system with
a 0.6-min sampling time. The column used was a 30-m, fused silica DB1
capillary column, with a 0.25-um film thickness (J. and W. Scientific). The
temperature program was as follows: 45°C initial, increased at 15°C min™' to
250°C, held for 4 min, increased at 10°C min~', and then held at 350°C for
4 min. The carrier gas was helium at a pressure of 4.5 kg cm® and the injection
block and detector temperatures were 250 and 350°C, respectively. Integration
was carried out with the Shimadzu CR5a Chromatopac (Dyson Instruments).

Only nonpolar extracts were analyzed by GC. Samples included extracts
of eggs, female accessory glands, whole males, whole females, and females
without accessory glands prepared as described above. Before being analyzed
by GC, extracts, cooled on ice, were reduced under N, to 1 ul.
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RESULTS

Bioassays

The bioassay results are summarized in Table 1. The response of L. lon-
gipalpis during oviposition to hexane extracts of egg and accessory gland mate-
rial showed a highly significant difference between the test and the control sites.
Neither the hexane nor the aqueous extracts of female bodies without accessory
glands produced a statistically different number of eggs at the test and control
sites. Aqueous extracts of both egg and accessory glands failed to induce an
oviposition response. Thus nonpolar extracts of both egg and accessory gland
material were the only samples to elicit the biological response which has pre-
viously been associated with whole eggs.

Thin-Layer Chromatography

The HPTLC analysis demonstrates chemicals present in both egg and acces-
sory gland samples that are of a very similar polarity (Table 2). A compound
which has a R, value similar to that of cholesterol, lane 1 (R, = 0.12), is present
in both, as is a compound that is more polar than cholesterol. Two other pairs
of matching spots are observed on the HPTLC plate. The spots at R, = 0.51
(accessory, lane 6) and R, = 0.50 (egg, lane 7) are only slightly less polar than
caryophyllene oxide, lane 4 (R, = 0.48). At R, = 0.62 (accessory) and R, =
0.66 (egg) two spots were exhibited of a polarity similar to that of cholesterol
stearate, lane 5, and cholesterol linolenate, lane 1.

TABLE 1. OvirosiTiON BioAssay WITH POLAR AND NONPOLAR EXTRACTS OF EGaGs,
AcCESSORY GLANDS, AND WHOLE FEMALE L. longipalpis WITHOUT ACCESSORY
GLANDS?

Oviposition response (mean + SD)

Extract Solvent Test Control P
Egg Hexane 95.40 + 13.79 20.80 + 8.68 0.006
Egg Water 22.00 + 8.16 26.20 + 4.76 0.186"
Accessory gland Hexane 98.80 + 12.31 26.40 £ 11.54 0.006
Accessory gland Water 23.60 + 6.26 243 +4.90 0.610°
Whole @ without gland Hexane 25.90 + 6.49 26.50 + 6.98 0.799°
Whole Q without gland Water 25.70 + 5.60 23.50 + 4.20 0.262"

“Each bioassay was composed of 10 replicates employing 20 females in each. P, probability.
Consistently 100 egg equivalents, 5 female equivalents of accessory gland material, and 5 whole-
female equivalents without glands were used in each respective bioassay.

®Nonsignificant by Wilcoxon ranked pair test.
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Gas Chromatography

The retention times of major peaks found during the GC investigation are
shown in Table 3. Chromatograms of the following extracts are shown in Figures
1A-C; females without accessory glands, eggs, and accessory glands. There is
a similar pattern to all the traces, showing a series of compounds common to

TABLE 2. Ry VALUES OF STANDARDS AND EXTRACTS OF ACCESSORY GLAND AND EGG

SaMPLES BY HPTLC*

Sample 1 2 3 4 5 6 7 8
Cholesterol linolenate 0.69
Cholesterol 0.12
Squalene 0.72
Caryophyllene 0.48
Cholesterol sterate 0.67
Accessory gland 0.12 0.51 0.62

0.03
Egg 0.12 0.5 0.66
0.06

“Plates were loaded at 20 ul standards, 500 equiv. eggs, 25 female equiv. accessory glands. Solvent
phase, 1:1 chloroform/hexane, with a silica gel plate.

TABLE 3. CHROMATOGRAM RETENTION TIMES FOR EXTRACTS OF EGG, ACCESSORY
GLAND, WHOLE-FEMALE, AND WHOLE-MALE SAMPLES BY GAS CHROMATOGRAPHY*

Retention time (min)

11 12 13 14 15 16
Egg 11.86 13.52 14.82 16.21
14.99
Accessory gland 11.89 13.50 14.84 16.20
14.99
Whole Q 11.88 13.34 14.86 15.00 16.2
13.50
Whole o 11.05 14.85 16.19
11.51 14.99
Corresponding number on
chromatogram® i 2 3 4

“Numbers correspond to peaks on chromatograms in Fig. 1.
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Fic. 1. Gas chromatograms of hexane extracts of (A) females without accessory glands,
(B) eggs, and (C) accessory glands. Peak numbers correspond to those given in Table
3. The experimental conditions are given in the text.

all the samples, with peaks 1 and 2 being specific to eggs and accessory glands.
Male L. longipalpis has two major peaks, at 11.052 and 11.511. These are
known to originate from the tergal glands (Hamilton, personal communication).
Whole-female extract has major peaks at 11.887 and 13.509, which are not
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present in the whole male samples. These two peaks (peaks 1 and 2 on the
chromatogram) do occur in female accessory gland extract (11.896 and 13.502)
and in egg material (11.862 and 13.521) and are greatly reduced in samples of
females with excised accessory glands.

DISCUSSION

This is the first demonstration that the oviposition semiochemical present
on the eggs of L. longipalpis may be extracted in hexane, indicating that the
molecule is a relatively nonpolar organic compound. Furthermore, the extract
does not lose its cviposition attractant and/or stimulant properties when bioas-
sayed. The hexane extract of the accessory gland material also elicited similar
biological activity. In contrast, hexane extracts of female bodies from which
accessory glands had been excised did not elicit an oviposition response, nor
did any of the aqueous extracts.

The gas chromatographic analysis revealed that two compounds which occur
in extracts of whole female flies and accessory glands are also present in extracts
of eggs. These compounds are absent in females without accessory glands and
from whole males. The HPTLC results indicate that two compounds of com-
parable polarity are present in egg and accessory gland material. These com-
pounds are of a polarity similar to that of cholesterol linolenate or cholesterol
stearate and caryophyllene oxide, all of which are oxygenated compounds.

Chromatographic and bioassay evidence suggests that the semiochemical(s)
present on L. longipalpis eggs is produced by the accessory glands of the female.
It appears that as eggs are laid, the semiochemical is coated onto them from
this gland. It is known that secretions from the accessory gland include a sticky
substance, which is used to adhere the egg to oviposition substrates (Davis,
1967; Wu and Tesh, 1989). Adiyodi and Adiyodi (1989) reviewed the role of
the accessory glands of female insects, noting them to have a secretory role in.
both egg maturation for ootheca production and during oviposition.

In contrast, the presence of oviposition-deterring pheromones in sticky
secretions used to adhere eggs to oviposition substrates has been shown in the
sorghum shoot fly, Atherigona soccata (Raina, 1981). Here, a water-soluble
glue is used to stick eggs to the leaves of sorghum.

Little is known about the attractant and/or stimulant role of the L. longi-
palpis oviposition pheromone. It is possible that the pheromone acts over a
limited range, with the female being directed to oviposition sites by long-range
volatile chemicals from organic substrates and physical characteristics of the
oviposition substrate. In this situation the pheromone would be the final phase
in the oviposition site selection mechanism. Elnaiem and Ward (1991b) pro-
duced some circumstantial evidence for the above hypothesis, showing that
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oviposition L. longipalpis females were attracted to an aqueous extract of rabbit
feces, a component of the laboratory larval rearing medium. Schlein et al. (1990)
also found that Phlebotomous papatasi chose oviposition sites by physical and
chemical stimuli in the oviposition substrate. Furthermore, it is known that Culex
females select oviposition sites by environmental, physical, chemical, and pher-
omonal cues.

Use of an oviposition pheromone by L. longipalpis may lead to larval
aggregation, which may be advantageous in overcoming factors such as pre-
dation and parasitism (Manning, 1979). However, attempts to locate sandfly
larval breeding sites in soil samples have only shown sparsely scattered immature
stages (Hanson, 1961; Thatcher, 1968; Rutledge and Mosser, 1972). However,
Bettini et al. (1986), using emergence traps, were successful in collecting 27,405
emergent flies from a 25-m* breeding site in 1 year. Further investigation is
therefore needed to clarify the apparent disparity between the results from these
two sampling techniques and to investigate the role of the oviposition pheromone
in the field. It is recognized that some oviposition pheromone-like activity has
been associated with the presence of volatiles from bacterial activity, as with
Lucilia cuprina Wiedmann (Emmens and Murray, 1983). As accessory gland
extract of female L. longipalpis elicited a response and samples of female bodies
without these glands did not, it is thought that this phenomenon is not occurring
here. Further work is currently being carried out to clarify this point and to
determine the structure of the components of egg and accessory gland material
that are responsible for the biological activity.
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