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Chapter 4

Effect of age and sex on the sensitivity of antennal
and palpal olfactory cells of houseflies

Summary

The olfactory system of newly emerged houseflies is already functional; very few

differences compared to sexually mature flies exist for the responses to 1-octen-3-ol,

amylacetate, 2-pentanone, 3-methylphenol, R-limonene, muscalure and an attractive

compound coded M72. Sex differences are also almost absent, except for a higher

sensitivity of females to acetic acid. Large differences between the sensitivity of antennae

and palps to different odours exist. Antennae are sensitive to all odours tested. Palps are

mainly sensitive to 3-methylphenol and 2-pentanone, both in percentage of responding

cells and in response level. The sensitivity to amyl acetate was comparable in palps and

antennae. The responses to other odours were low in the palps.
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Introduction

Houseflies, Musca domestica L. are cosmopolitan in distribution. They are not only a

nuisance by their presence, but they may also be vectors of diseases, such as dysentery,

gasteroenteritis, cholera and tuberculosis (Grübel et al., 1997; Tan et al., 1997). In order

to control them, olfactory and visual cues may be used to attract flies and catch them in

traps. Ideally, all individuals of a housefly population should respond to the stimuli for

the traps to be optimally effective. An attractive source is UV light (Syms and Goodman,

1987; Roberts et al., 1992), which appears to be equally attractive for both male and

female houseflies. However, young flies (<3 days) are hardly or not attracted to light

(Smallegange, pers. comm.). Houseflies become sexually mature after 2 days (Adams and

Hintz, 1969; Dillwith et al., 1983), so using UV light as the only attractive source of a

trap would give houseflies the opportunity to mate and multiply before the trap becomes

effective. Hence, the efficiency of reducing fly populations with a UV-trap is limited.

A possibility to improve fly catches is offered by combining UV-traps with

attractive odours. Attracting flies or repelling flies with odours are both methods for

control (Frishman and Matthysse, 1966; Mulla et al., 1977). The aim of this paper is to

further investigate the possibility of using odour to control houseflies. In Chapter 3 we

recorded the responses of antennal and palpal olfactory cells to vapours of a variety of

substances, using one dose of each substance. The responses to some substances

(1-octen-3-ol, amyl acetate, 3-methylphenol, 2-pentanone, R-limonene) were high,

whereas rather low responses were found to several other compounds that are reported to

be attractive (acetic acid, skatole, muscalure). A reason for the low responses could be

that inadequate odour concentrations were applied. Therefore, in this chapter we measure

the responses to a range of doses. Furthermore we measure the concentrations of the

substances in the air, resulting from each dose of odour, which depend on the volatility

of the chemicals, and used those in the dose-response graphs. We investigate whether

differences exist in the responsiveness of antennal and palpal olfactory cells of sexually

immature and mature flies to determine if odours could be used to attract both young and

mature flies of both sexes.

Materials and Methods

Insects. Pupae of the WHO strain Ij2 Musca domestica were obtained from the Danish

Pest Infestation Laboratory (Lyngby, Denmark). Cultures of the strain were kept in the

laboratory at 25°C and 75% RH. Larvae were reared in an aquous jelly of agar, yeast and
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skim milk powder (1:5:5 by weight), and allowed to pupate in wood curls on top of the

jelly. Flies were fed a mixture of milk powder, sugar and autolysed yeast (5:5:1) and had

access tot tap water. Experimental flies were less than 24 hours (newly emerged) and 4-28

days old (mature).

Electrophysiology. An intact fly was immobilized in a plastic pipette, with its head

protruding from the tip, so that its antennae were accessible for recording (Den Otter et

al., 1988). For recording from palpal receptor cells, the tip of the pipette was softened by

heating and shaped to a platform. After cooling down two-sided adhesive tape was fixed

onto the platform. Then, the proboscis of the fly was extended and fixed on the adhesive

tape. Recordings were made using the surface-contact technique (Den Otter et al., 1980).

Glass micropipette/Ag-AgCl electrodes filled with Beadle-Ephrussi saline were used. For

recordings from an antenna or a palp, the tip (>50 µm) of the indifferent glass electrode

was inserted into the head of the fly or into the proboscis between the palps, respectively.

By gently pressing the tip of the recording electrode (<5 µm) against the cuticle of the

funiculus or palp, spikes from individual receptor cells could be recorded. When contact

with a receptor cell was made, the preparation was left for 5 minutes before starting an

experiment. The locations of the sites recorded from were noted on rough maps of the

funiculi or palps.

The electrodes were connected to a high-impedance amplifier (Syntech, Hilversum,

The Netherlands), the output of which was displayed on an oscilloscope, made audible

via a speaker and stored on tape with a DAT-recorder.

Stimuli. Chemicals used to prepare stimuli were 1-octen-3-ol, amylacetate,

3-methylphenol, 2-pentanone, acetic acid, skatole (Fluka), R-limonene, muscalure

(Denka) and a compound, coded M72, provided by Denka. Acetic acid was dissolved in

water, the other chemicals were dissolved in silicon oil. 0.4 g/ml solutions and 5 or 7

decadic dilutions of these were made. Skatole appeared to be insoluble at concentrations

of 0.4 and 0.04 g/ml. Therefore, a solution of 0.004 g/ml and 4 decadic dilutions were

prepared of this substance. Aliquots of 25 µl of each solution were pipetted onto a

6x35 mm2 filter paper in a Pasteur pipette. The pipettes served as odour cartridges and

thus contained 0.01, 0.1, 1, 10 or 100 µg skatole, and 0.001, 0.01, 0.1, 1 or 10 mg of the

other chemicals. Two additional doses of 0.01 and 0.1 µg were prepared of 1-octen-3-ol

and 3-methylphenol.

A constant flow (0.5 m/s) of charcoal-filtered, humidified air was passed over the

antennae through a stainless steel tube (i.d. 7 mm), the outlet of which was about 5 mm

from the preparation. For odour stimulation, 2 ml vapour from an odour-loaded pipette
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was blown in 0.2 s into the airstream through an aperture (3 mm diameter) in the tube,

8 cm from its outlet. The flow over the antennae was maintained at 0.5 m/s by a stimulus

controller (Syntech). The concentrations of the vapours in the odour cartridges were

determined with a Shimadzu GC-17A gas chromatograph (GC), when possible. The

resulting concentration in the air blowing out of the steel tube was calculated and used in

the graphs. Odours were presented in random sequence but in ascending concentration at

intervals of 30 or more seconds. In most cases recordings were made from only one

antennal or palpal site, but sometimes more sites were tested to a maximum of four.

Sometimes contact with the olfactory cells was lost before all odours were tested and then

only the responses to dose-response series that were completed were analysed. From some

cells only dose-response series of a few odours could be obtained. Cells that did not

respond to any of the odours presented were disregarded.

Analysis. The action potentials were analyzed using the software package AutospikeTM

(Syntech). Spikes from different cells were distinguished by their amplitudes. The

response magnitude was calculated from the maximum number of spikes in a sliding 0.1 s

period of the response, and expressed as spikes/second. The mean non-stimulated activity

(spikes/s) during the 3 seconds prior to the beginning of the stimulation was determined

and subtracted. When a cell was inhibited, the response (in spikes/s) was calculated from

the longest interval between two spikes and the pre-stimulation activity was subtracted.

A cell was said to respond to a chemical in a dose-dependent manner when the

response to at least the two higher doses was higher than to the lower doses.

Because the dose response curves showed different shapes and different maximal

responses, which sometimes were not reached, we could not calculate and compare the

doses at which a half maximal response was obtained (the effective dose 50%, ED50).

Therefore we compared the curves with Repeated Measurements ANOVA.

Results

Spike activities of 190 antennal and 116 palpal cells were recorded. Two cells did not

respond to any of the chemicals tested and were disregarded. The other cells responded

in a dose-dependent manner to one to seven of the chemicals tested. Table 1 shows the

percentage of cells from each group tested (antennal or palpal, male or female, newly

emerged or mature) that did respond to the different odours presented.

The percentages of cells responding to 1-octen-3-ol and R-limonene were

significantly higher in the antenna than in the palp (χ2, p < 0.05). In contrast to this, the



Effect of age and sex on olfactory sensitivity

73

Table 1. Percentages of antennal and palpal cells responding dose-dependently to the odours
tested. On the average 23 cells were used to make dose-response tests for each odour in each
situation. Three-letter code indicates the situation of the cells tested: A = antenna, P = palp,
o = old (mature), y = young (newly emerged), m = male, f = female. 1o3: 1-octen-3-ol,
AA: amyl acetate, 3MP: 3-methylphenol, Pent: 2-pentanone, Rlm: R-limonene, M72: Denka-
compound, Mus: muscalure, Sk: skatol, Az: acetic acid, nAz: acetic acid (cells that were inhibited
by the highest dose).

1o3 AA 3MP Pent Rlm M72 Mus Sk Az nAz

Aom 34 56 15 22 50 31 17 8 11 11

Aof 53 68 31 56 40 82 25 36 17 29

Aym 54 41 53 14 47 45 29 - - -

Ayf 46 39 22 19 32 48 10 - - -

Pom 21 60 59 58 38 - - - - -

Pof 26 74 67 43 32 - - - - -

Pym 29 42 63 42 14 0  1 - - - -

Pyf 6 13 78 38 18 50 2 - - - -

1 only 3 cells tested. 2 only 2 cells tested. - : substances not tested.

percentages of cells responding to 3-methylphenol and 2-pentanone were significantly

lower in the antenna than in the palp. No significant differences between antenna and palp

were found for the number of cells responding to amyl acetate. Very few cells of the palps

responded significantly to the other chemicals, as was shown in Chapter 3.

A significantly higher percentage of cells in mature flies compared to newly

emerged flies responded to amyl acetate in both the antennae and the palps (χ2, p<0.001).

No differences were found in the number of cells responding to the other odours between

males and females and between flies of different age.

Figure 1 shows the dose-response curves of both antennal and palpal cells. The

responses to 1-octen-3-ol and R-limonene of antennal cells are significantly higher than

those of palpal cells (Repeated Measurements ANOVA, p < 0.01; F(1, 72) = 5.8 and

F(1, 58) = 8.4). However, antennal cells are less responsive to 3-methylphenol and

2-pentanone than palpal cells (p < 0.01; F(1, 88) = 13.7 and F(1, 65) = 40.7). No

significant differences are found between the responsiveness of antennal and palpal cells

to amyl acetate. Only one palpal cell was found that was sensitive to the Denka-compound

M72. Its dose-response curve was lower than that of antennal cells.
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Figure 1. Averaged dose-response curves of antennal and palpal olfactory cells of newly
emerged (young) males and females and mature (old) males and females obtained on stimulation
with A) 1-octen-3-ol, B) R-limonene, C) 3-methylphenol, D) 2-pentanone, E) amyl acetate and
F) the Denka-compound M72. n: number of cells tested. Standard deviations are omitted for
clarity reasons.

As to the responses of mature flies compared to those of newly emerged flies, it

appeared that both antennal and palpal cells of mature males and females are more

sensitive to amyl acetate than those of newly emerged flies (p < 0.01; F(1, 109) = 8.7). In
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Figure 2. Averaged dose-response curves of antennal olfactory cells of A) newly emerged and
mature males and females to muscalure, B) mature males and females to skatole and C) mature
males and females to acetic acid (see Fig. 1 for details). Cells that responded with inhibition to
acetic acid are plotted separately (dashed curves). n: number of cells tested.

addition, R-limonene evokes higher responses in palpal cells of mature flies than in palpal

cells of newly emerged flies (p = 0.05; F(1, 16) = 4.5), whereas antennal cells of mature

flies are less sensitive to 2-pentanone than antennal cells of newly emerged flies (p < 0.05;

F(1,22) = 6.4). No further differences between the responses of “mature” and “young”

cells are observed.

No significant sex differences are found in the sensitivity to these odours. Only the

shape of the curves to 2-pentanone of antennal male cells deviates significantly from the

curve of antennal female cells (Repeated Measurements ANOVA vs dose, p < 0.001;

F(8, 22) = 11.6). The male curve increases slowly with dose until a sudden sharp increase

in response frequency occurs at the highest dose. The female curve increases more

gradually.

Figure 2 shows the dose-response curves of antennal cells to muscalure, skatole and acetic

acid. Few palpal cells did respond to these substances (Chapter 3). Very few
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Figure 3. Examples of responses from different cells to a puff of vapour from an odour cartridge
containing 10 mg of acetic acid. A) short burst, B) phasic-tonic response, continuing firing far
beyond the stimulus period, C) inhibition, after which spontaneous spike activity resumes, D)
inhibition and long lasting after-discharge of spike activity. Horizontal line above recordings
indicates the duration of the stimulus.

cells were found which showed a response to muscalure. It can be seen that the muscalure

curve of newly emerged males and, at high doses, of mature males is lying above the

curves of the females, but these differences are not significant. No significant sex

differences are found for the responses to skatole. However, the excitatory responses to

acetic acid of female cells are significantly higher than those of male cells (p < 0.05;

F(1, 5) = 10.3). Cells that were inhibited by the highest dose of acetic acid are shown

separately. The lower doses of this substance did not elicit significant responses in these

cells, which suggests that the high-dose inhibition may be a non-physiological effect of

the acid. Figure 3 shows some examples of excitatory and inhibitory responses to acetic

acid.

Discussion

In both newly emerged and mature flies cells were found that responded to the odours

tested. This proves that the olfactory system of newly emerged houseflies is already

functional. Cells of both sexes responded equally high to most odours tested; only a few

antennal cells of females evoked higher responses to acetic acid than those of males. Some
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odours are attractive (amyl acetate, 3-methylphenol, skatole, acetic acid (Frishman and

Matthysse, 1966; Mulla et al., 1977) and possibly 1-octen-3-ol and 2-pentanone), and thus

they may be used to catch flies of both sexes and all ages in traps. R-limonene may be

repellent (Denka, pers. comm.) to flies of both sexes and all ages.

Some clear differences are found between the sensitivity of the olfactory cells in

antennae and those in palps. More antennal cells are sensitive to 1-octen-3-ol and

R-limonene and, in addition, these cells show higher responses to these substances than

palpal cells. On the other hand, palps contain higher percentages of cells responsive to

3-methylphenol and 2-pentanone, which are more sensitive to these substances than

antennal cells. For amyl acetate no difference in either percentage of responding cells as

well as in sensitivity of these cells is found.

The palps are mostly hidden in the proboscal cavity and only fully exposed to the

air when the proboscis is extended during tasting and feeding of the fly. Hence, as the

antennae are sensitive to a broad spectrum of odours, and the number of sensilla on the

antennae highly exceeds the number of sensilla on the palps, one may assume that the

antennae are predominantly used for olfactory orientation at a distance.

A lower sensitivity of the palps with respect to the antennae was found in

Drosophila (Ayer and Carlson, 1992) by comparing electropalpogram (EPG) and

electroantennogram (EAG) responses to the same odours. In ablation experiments, Charro

and Alcorta (1994) showed that in Drosophila the palps could maintain a minor sensitivity

to odours in antenna-less flies. On removing the palps and leaving the antennae intact,

small changes in behavioural responses were only found on stimulation with high

concentrations of odours.

The high sensitivity of palpal cells to 3-methylphenol, 2-pentanone and also amyl

acetate in houseflies suggests that these substances may be important components for the

fly to further examine its food, using the palps.

The olfactory system of newly emerged flies is already functional, and only small

adjustments take place during maturation of houseflies. The dose-response curves show

that newly emerged flies are less sensitive to amyl acetate and R-limonene than mature

flies, as was also found in Chapter 3. However, a clear dose-dependent sensitivity of the

cells of newly emerged flies is present, indicating that they are already able to determine

the concentration of these substances. In contrast, the responses of the antennae of newly

emerged flies to 2-pentanone are even higher than those of mature flies (Kelling and Den

Otter, 1998).

In various insect species, chemoreceptor sensitivity changes during lifetime. The

lactic acid receptors of Anopheles aegypti females are inactive during the first 24 hours,

and sensitivity increases in the course of some days after which feeding may begin (Davis,
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1984). Houseflies start to feed already on the day of emergence and thus sensitivity to

food odours seems to be immediately necessary. The development of sensitivity during

maturation for a specific oviposition substrate in female houseflies is not adequate since

they oviposit in the same substance as where they feed on. Decreasing EAG responses

with age were found in tsetse flies (Den Otter et al., 1991), which could be explained

either by a decreasing sensitivity of the olfactory cells, or by a decreasing number of

operative sensilla, as was found for labellar taste hairs in Phormia regina (Rees, 1970).

In our study, we searched for functional, spike-producing cells. Inoperative sensilla were

not recognized, and thus we cannot determine if an increasing loss of functional sensilla

with age takes place. The sensitivity to most odours did not decline during lifetime (see

Chapter 3), and humoral or neural control mechanisms influencing chemoreceptor

sensitivity with age, found in other insects, as summarized by Blaney et al. (1986), does

not seem to be applicable to houseflies.

Significant sex differences are only found for acetic acid, the responses of females

being higher than those of males, and 2-pentanone, for which a different shape of dose-

response curve is found. The function of these sex differences is unknown. 2-pentanone

occurs in rotting fruits and acetic acid is present in many food sources both sexes of

houseflies feed on. In other insects in which males and females have the same food

preferences, sexual dimorphism of the olfactory system was also demonstrated. In some

tsetse species, the responses of females to host odours were higher than those of males,

whereas in other tsetse species, males were more sensitive than females (Den Otter et al.,

1991).

It is remarkable that the responses to muscalure are so low. Muscalure is thought

to be a female sex pheromone, attracting male houseflies (Carlson et al. 1971; Rogoff et

al. 1973, 1980; Uebel et al. 1976). The volatility of muscalure is so low that we could not

determine the concentration in air of any of the doses used by gas chromatography. These

low concentrations could explain the low olfactory responses we found. Low

concentrations and, thus, low olfactory responses to muscalure may also be expected in

nature. Nevertheless, behavioural responses of houseflies to muscalure are found, male

flies performing mating strikes and copulation attempts from a distance of a few

centimeters to a female or to a “pseudofly” impregnated with female extract or muscalure

(Rogoff et al., 1964; Colwell and Shorey, 1975). One may assume that reception of

muscalure as a contact-sexpheromone by taste may be more sensitive than its olfactory

reception. This has to be tested. The olfactory response of males to muscalure tends to be

higher (although not significant) than that of females. This correlates with the sex

differences found in olfactometer studies, where females were not attracted to the sex

pheromone (Rogoff et al., 1964). However, in field evaluations of fly traps muscalure
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lured both males and females and was called to be an aggregation pheromone (Carlson

and Beroza, 1973; Chapman et al., 1998).

Skatole is very attractive to houseflies (Brown et al., 1961; Frishman and

Matthysse, 1966). When comparing the responses to the higher two concentrations of

skatole with the responses to other odours at similar arial concentrations, the responses

to skatole are rather high. The responses to most other odours further increase at higher

concentrations, but because of the low solvability of skatole in silicon oil we could not

test higher concentrations of this substance.

When planning to trap houseflies, the use of odours could enhance the catches and

reduce fly population more effectively than UV-light traps alone, because young flies, that

do not respond to attractive light sources might be attracted by the odours and be caught

before reproduction has taken place.
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