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Abstract. Sandfly females, while feeding on the host, excrete urine to concentrate proteins of the blood-
meal and restore weight and water balance. This process, analogous to prediuresis in mosquitoes, was ob-
served in 100% of Phlebotomus papatasi {Scopoli) and 85% of P. duboscqi Neveu-Lemaire females
studied. Individual females, however, differed in duration of prediuresis and in the number of ejected
urine droplets. In both species the prediuresis generally started 1-2 min after the commencement of feed-
ing and the variation in urine production was positively correlated with the length of feeding. The first
one or two droplets were opaque whitish while the remaining ones were clear. Erythrocytes were found
sporadically in first droplets of some females. Representative prediuresis in P. duboscqi included 27 drop-
lets, i.e., about 325 nl urine in total, ejected during 8 min of feeding. The study revealed prediuresis in P.
papatasi and P. duboscqi as a regular physiological process which may have consequences in transmis-
sion of infective diseases.

Introduction

Phlebotomine sandflies are vectors of Leishmania parasites, causative agents of diseases, representing
an important human health problem in many countries. Leishmania promastigotes develop in the sandfly
gut and are transmitted into the vertebrate host principally by the bite of infected female (for review see
Killick-Kendrick, 1990; Schlein, 1993). Our group, however, recently found viable promastigotes of
Leishmania major in urine droplets which infected sandfly females discharge during feeding (Sadlovd and
Volf, unpubl.). This finding suggests that contaminative transmission may additionally occur in the
sandfly-Leishmania system and led us to the study of sandfly diuresis.

Diuresis, the rapid production of urine containing principally water and salts, was described in detail in
bloodfed mosquitoes (reviewed by Clements, 1992). Similarly to sandflies, mosquito females periodically
ingest a large volume of bloodmeal. Such a meal makes flight difficult and produces water- and salt-loads
which threaten the homeostasis of the haemolymph. The blood-feeding habit, therefore, necessitates the
rapid excretion of water and sodium ions. Soon after the mosquito female begins feeding, fluid is rapidly
absorbed from the bloodmeal and excreted via Malpighian tubules. An initial secretion of the Malpighian
tubules (tubular fluid), which is iso-osmotic with the haemolymph, is modified in the rectum before being
expelled as urine (Spring, 1990). In addition, the anal discharge of urine apparently serves to rapidly con-
centrate the nutritive elements of the bloodmeal (Briegel & Rezzonico, 1985).

In sandflies, the digestive processes are thought to resemble those in mosquitoes on the basis of similar
functional morphology (Rudin & Hecker, 1982). Diuresis and prediuresis of sandflies, however, has yet
not been studied.

Throughout the study, the term *“urine” is used according to Clements (1992) for the complete excre-
tory fluid discharged to the exterior. Excretion of urine during bloodfeeding is called “prediuresis”, while
“diuresis” (sensu stricto) denotes excretion after feeding has stopped (Briegel & Rezzonico, 1985).
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Material and methods

Phlebotomus papatasi (Cyprus strain) and P. duboscgi (Senegal strain) were maintained on 50% su-
crose at 25-26°C and a 14L : 10D photoperiod. Flies used to establish colonies were received from the
Imperial College in Ascot.

Twenty females of each species, 5~6 days post-emergence, were allowed to feed on a human finger.
The feeding process was observed with a stereomicroscope, recorded and analyzed afterwards. Urine
droplets were caught on a piece of coverslip held with forceps behind the anus. Air dried drops were fixed
by methanol, stained with Giemsa and subsequently examined for the presence of erythrocytes. Total
feeding time was measured from insertion of the fascicle into the skin (if multiple probing occurred, the
last penetration was measured) to female take off. Excretion time designates the length of prediuresis; i.e.,
the period from appearance of the first urine droplet to female take off (they flew away immediately after
withdrawing their fascicles from the skin).

Additionally, the feeding of sandfly females on anaestetized animals (hamsters, mice) or a human arm
was repeatedly videorecorded in order to evaluate exact time course of excretion and the volume of drop-
lets. Volume of urine droplets was determined by measuring the diameter of an apparently spherical drop-
let. This method gave data on the actual volume flow rates expressed in nl/min.

Statistical evaluations were made using the PC program Statgraphics, version 5.0. Non-parametric tests
were used for the analysis of droplets numbers, excretion time and feeding time where data distribution
were significantly different from the normal distribution.

Results

The basic characteristics of prediuresis for both species are shown in Table 1. P. papatasi had a signifi-
cantly longer excretion time and produced significantly higher number of droplets than P. duboscqgi (Fig.
1). Prediuresis was observed in all P. papatasi flies. However, in one female, droplets were not ejected
away and urine accumulated on the anus. In P. duboscqi, three females did not expel urine and flew away
after a very rapid engorgement.

TasLE 1. The comparison of prediuresis characteristics in P. papatasi (PAP) and P. duboscgi (DUB)
females. The difference between species was tested by non-parametric (Mann-Whitney) test.

Droplets number Excretion time (s) Feeding time (s)
PAP DUB PAP DUB PAP DUB
Median 20.5 6 193 96 254 206
Lower quartile 13 1.5 138 69 214 137
Upper quartile 33 12.5 224 159 338 255
No. 20 20 20 17 20 20
Difference P = 0.0007 P =0.0044 P =0.0498
between species Z=-3.3725 Z=-2.8498 Z=-19617

Besides interspecific differences, considerable intraspecific variations in urine production were ob-
served, especially in P. papatasi (Fig. 1). In both species, the variation in droplet numbers coincided with
feeding times. Generally, the longer the total feeding time, the higher the number of droplets (Spearman
test; coefficient 0.5912, P = 0.0100 for P. papatasi and coefficient 0.6055, P = 0.0083 for P. duboscqi).

The first droplet appeared most often within the range 50-92 s and 70-125 s (lower and upper quarti-
les) with median 69 and 92 s in P. papatasi and P. duboscqi, respectively. The later start of prediuresis in
P. papatasi, the longer was the feeding time (Spearman test, coefficient 0.7245, P = 0.0016). In P. dubo-
scqi, however, a correlation between the start of prediuresis and the length of feeding was not found
(coefficient 0.3899, P = 0.1188).

A time course of prediuresis based on videorecorded P. duboscqi included twenty seven droplets
ejected during 8 min of feeding (Fig. 2). The first droplet was released after 91 s and than the time
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Fig. 1. Frequency histogram depicting urine production of P. papatasi and P. duboscqi females feed-
ing on human finger.

intervals shortened to the rate of about one droplet per 10 s. The highest urine flow rate (8 droplets/min)
was reached in the 7th min of feeding. The volumes of urine droplets in this female ranged from 2.7 nl
(the first one) to 21.9 nl with the average 12.1 (£2) nl. In total, the female excreted about 325 nl of urine
during bloodfeeding.

Extrusion of a droplet of urine takes about a second and involves a slow tilting upwards of the terminal
abdominal segments. The droplet is then very quickly and forcefully ejected, often over 5 mm (Fig. 3).
After this, the terminalium quickly returns to its original position. The first 1-2 droplets were often
opaque whitish, the following ones were clear. Sporadically, the first droplets were reddish with blood;
erythrocytes were found in the first droplets of five (25%) P. papatasi and two (10%) P. duboscqi

females.
Discussion

Prediuresis in sandfly females starts when the midgut is partially filled by blood. We suppose that,
similarly to mosquitoes, abdominal distension could be the initial stimulus that leads to the induction of
prediuresis. Correlation between total feeding time and the start of diuresis was found in P. papatasi but
not in P. duboscqi. The latter resembles the situation reported for Aedes aegypti (L.) by Mellink et al.

(1982).
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Fig. 2. Time course of urine excretion of P. duboscqi female feeding on human arm.
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Fig. 3. Ejection of the urine by P. duboscqi female during blood-feeding. A picture taken from a video
recording.

In mosquitoes, the urine excretion usually begins in less than 2 min after the commencement of feed-
ing (i.e., while the insect is still engorging) (Williams et al., 1983; Spring, 1990) and passes through three
phases which differ in the rate of flow and urine composition. The first phase with a high rate of urine
flow takes the first few minutes (peak phase) and is followed by a steady decline (post peak phase) to a
relatively stable low flow rate (late phase) (Williams et al., 1983; Clements, 1992). In our experiments,
the high urine production within the first minutes of feeding coincides probably with the peak phase of
urine production described for mosquitoes.

Certain species/strains of mosquitoes discharge clear fluid while others dispose a reddish fluid contain-
ing erythrocytes. High variability was described also for excretion rates, number of droplets, and their size
(Nijhout & Carrow, 1978; Jones & Brandt, 1981; Briegel & Rezzonico, 1985; Vaughan et al., 1991). In
our experiments, P. papatasi and P. duboscqi sandflies produced a predominately clear fluid, only the
first urine drops contained blood in some cases. This indicates efficient filtration and resembles the situa-
tion in Anopheles albimanus Wiedemann and A. quadrimaculatus Say (Briegel & Rezzonico, 1985) and
in Anopheles freeborni Aitken (Nijhout & Carrow, 1987).

Anopheline mosquitoes, which are unable to distend the midgut with bloodmeal efficiently, use prediu-
resis to accumulate nutritions and significantly increase protein intake. This, in consequence, leads to en-
hanced fecundity (Briegel & Rezzonico, 1985). A similar role of prediuresis can be predicted for
sandflies. Because of the correlation between feeding time and the number of urine droplets (i.c., the vol-
ume of urine excreted) sandfly females which feed slowly may withdraw relatively larger amounts of
blood from the host. On the other hand, a longer feeding time increases the probability to evoke host de-
fensive behaviour. As indicated by great intra-species variations in the feeding habits of P. papatasi and
P. duboscqi, this trade-off might be solved individually by each of the females within a species.
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