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The Influence of Sugars and Amino Acids on the Blood-
feeding Behaviour, Oviposition and Longevity of
Laboratory Colony of Lutzomyia longipalpis (Lutz &
Neiva, 1912) (Diptera: Psychodidae, Phlebotominae)

Nataly A Souza, Claudia A Andrade-Coelho, André F Barbosa, Mauricio L
Vilela, Elizabeth F Rangel, Maria P Deane*

Departamento de Entomologia *Departamento de Protozoologia, Instituto Oswaldo Cruz, Av. Brasil 4365,
21045-900 Rio de Janeiro, RJ, Brasil

Schneider s Drosophila medium, a complex amino acid rich medium was tested alone and with
seven different sugars for some aspects of the biology of Lutzomyia longipalpis.

Statistically significant results were obtained when sucrose was used alone, indicating that among
the sugars tested, this is still the most suitable and practical one for the maintenance of L. longipalpis
colonies. However, the addition of Schneider s medium to a pool of different sugars, was suggested to
be related with the acceptance of the first and second blood meals and to longevity, these being,
obviously, quite relevant aspects when transmission experiments are contemplated.
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Sandflies are known to feed on various sweet
natural substances (nectar, plant juices, ripe fruits
and/or honeydew), which are the only source of
food for the non-blood-sucking males. It has been
suggested that some of the carbohydrates present
in those substances play an important role in the
biology of sandflics facilitating the development
of Leishmania spp. up to the infective stage in the
digestive tract of their vectors (Sherlock &
Sherlock 1961, Lewis 1966, Coelho et al. 1967,
Killick-Kendrick 1979, Schlein 1986). An im-
portant review on this subject was reported by
Molyneux et al. (1991).

The use of raisins as food for females in the
laboratory was the first evidence suggesting that
the carbohydrates influence the biology of sandflies
and the transmission of Leishmania spp. (Smith
et al. 1941, Shortt 1945). Later reports have sug-
gested the influence of carbohydrates on the biol-
ogy of sandflies in the ficld and laboratory (Barretto
1942, Chaniotis 1967, 1974, Killick-Kendrick et
al, 1977, Rangel 1985, Yuval & Schlein 1986,
Schlein & Yuval 1987, Killick-Kendrick & Killick-
Kendrick 1987, Dhiman 1988, Brasil & Ward
1989).

According to Killick-Kendrik (1979) honeydew
seems t0 be a more probable source than nectar,
fruit or plant sap. The author gave some reasons
for supporting this idea, namely that it can be found
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in all habitats where sandflies are living and that
the commonest sugars of honeydew have been dem-
onstrated 1n the diverticula of sandflies. Similarly,
honeydew feeding in wild caught Phlebotomus
ariasi in France (Young et al. 1980) following labo-
ratory studies by Killick-Kendrick and Killick-
Kendnick (1987), and selective feeeding of labora-
tory-kept £. papatasi on honcydew has also been
recorded (Schlein & Warburg 1986).

Recently, HPLC (High Performance Liquid
Cromatography) was used to demonstrate that
honeydew has been considered a natural source of
encrgy for both male and female sandflies. Hon-
eydew is a liguid syrup excreted by aphids or coc-
cids containing carbohydrates and amino acids
(Auclair 1963, Brown 1975); glucose, fructose,
sucrose, melezitose and its hydrolysis product,
turanose, can be found (Moore et al. 1987,
MacViker et al. 1990, Wallbanks et al. 1991, Souza
et al. 1992).

The studies on the influence of sugar feeding
on the biology of sandflics and on the Leishma-
nia-invertebrate host interaction are useful. Sev-
eral natural foods taken by female sandflies in
the field, which are not available in the laboratory
feeding, could be related to the development of
Leishmania in the sandfly gut and its experimen-
tal transmission (Johnson & Hertig 1970).

Thus, the present study reports the influence
of some carbohydrates added or not to Schneider’s
Drosophila Medium (SDM) on blood meal accep-
tance and female survival following the first and
second blood meal, oviposition and longevity of
Lutzomyia longipalpis.
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MATERIALS AND METHODS

Colony of L. longipalpis - The colony, from
Lapinha Cave, State of Minas Gerais, has been in
our laboratory for the last 75 generations. The
breeding methods have been fully described else-
where (Modi & Tesh 1983, Rangel et al. 1985).

Solutions tested - The solutions employed are
listed on Table I, and are separated into five groups.
The sugars employed in group A were tested in
two concentrations and all the solutions were fil-
tered using the Millipore System. The sugars were
tested In two concentrations to ascertain if it would
be influencing the results. In group B, the satu-
rated solutions were obtained according to
Chanuotis (1974). In group C. distilled water was
replaced by SDM in order to dilute the sugars
employed, namely fructose, sucrose, trehalose.
maltose and melezitose. Pools of sugars were
cmployed in groups D and E, by utilizing distilled
water and SDM, respectively. Seven sugars were
tested in 21 experiments, including SDM.

The authors decided to test SDM since it is a
rich medium which contains amino acids and in-
organic salts (Schneider 1964).

lests with carbohydrates - In this study 5,760
sandflies were distributed among cages with 40 fe-
males and 40 males cach. The following sugar so-
lutions were tested in eight batches, using 720
sandflies each: (1) fructose 0.75M and melezitose
0.75M; (2) fructose 1.50M and melezitose 0.20M;
{3) sucrose 1.50M and maltose 1.50M; (4) fructose
and sucrose, both saturated; (5) maltose 0.75M and
sucrose 0.75M; (6) maltose and melezitose, both
saturated; (7) trehalose and sugar pool, both satu-
rated; (8) trehalose 0.75M and trehalose 1.50M. In
each batch two sugar solutions were tested with the
control group (saturated solution of commercial
sugar = sucrose) in three repetitions.

Tests with carbohydrates and SDM - In these
experiments 1,920 sandflies were distributed
among cages containing 40 females and 40 males
each. The negative control groups were fed on
SDM alone. The following sugar solutions were
tested in two batches, using 960 sandflies in each:
(1) saturated sucrose + SDM and saturated fruc-
tose + SDM; (2) saturated trehalose + SDM and
sugar pool and SDM. In each batch two sugar
solutions were tested with two control groups.

Observation of sandflies - Only the females
were considered in these studies, the males being
added for mating. The insects were fed according
to Rangel et al. (1985).

After the blood-meal, the females (120/experi-
ment) were individually separated in plastic tubes
for oviposition and sugar was offered as food. They
were observed daily for: proportion of females that
had oviposited, number of eggs laid at each ovi-
position, time between blood feeding and oviposi-
tion, and females that survived oviposition. These
survivors were transported 10 a new tube for a
second biood meal, and were observed daily until
their death. The longevity of females was consid-
cred as the time between their emergence until
death.

Statistical analysis - The data related to blood-
feeding and the oviposition were converted to per-
centage and charts using the Harvard Graphics
program. The comparison between each treated
batch and the control was analyzed through test
for difference between two proportions. For the
data related to number of eggs laid at each ovipo-
sition and longevity the Harvard Graphics pro-
gram was employed too. The ANOVA test was
used 1o compare treated batches and control
groups, considering 95% as significance level be-
tween averages.

TABLE 1
Lutzomyia longipalpis. Carbohydrate solutions used as sugar food
Sugar Group A Group B Group C Group DD Group E
Molarity Saturated Saturated Saturated Saturated
Fructose 0.75 1.50 sugar pool sugar pool
Sucrose 0.75 1.50 + + (Fructose +
| Trehalose
Trehalose 0.75 1.50 distilied SDM Maltose SDM
water Sucrose
Maltose 0.75 1.50 Glucose
Raffinose
Melezitose 0.20 0.75 SDM Melezitose) SDM

SDM: Schneider's Drosophila Medium
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RESULTS

Sugars were tested in several different experi-
ments, and only the results that were statistically
more significant than those obtained by the con-
trol groups are shown.

Feeding habits - The addition of SDM with a
pool of different sugars showed that 100% of the
treated females werc alive and took a blood-feed-
ing at the 5th day after cmergence (Fig. 1). A high
pcrcentage of live females were seen in the con-
trol group and 1n the group trcated with trehalose
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Oviposition - No difference was detected be-
tween the sandflies fed on different sugars and the
control group maintained. as usual, on commer-
cial sugar (sucrosc). in regard to the percentage of
temalcs performing oviposition (Table II). In re-
lation to the number of ¢ggs per oviposition, the
sugar pool added to SDM gave better results:
72.7 eggs/female (Fig. 2). Morever 10 females
survived oviposition (Table I1). when was offered
the sugar pool and SDM.

b

285.0%

2.35%
2.5%

. Females didn't feed on blood E Females fed on blood

Fig. 1: Lutzomyia longipalpis. Blood feeding habits: observation at the Sth day.

TABLE 11

Lutzomyia longipalpis. Acceptance of the blood meal and performance of OVIpOsition

Total Acceﬁtance  Dead without Dead after Survival to first
Treatment females blood meal oviposItion oviposition oviposition
| _ treated -

Trehalose set. 120 168 7 101 0
SDM 90% 6.48% 93.52% 0%
Sugar pool + SDM 120 120 3 107 10

100% 2.50% 89.17% 8.33%
SDM 120 52 21 31 0
(negative control 43.33% 4(1.38% 59.62% 0%
group)
Group control 120 114 3 I11 0

- 95% 2.63% 97.37% - 0%

SDDM: Schneider's Drosophila Medium
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Fig. 2: oviposttion of Luizomvia longipalps ted on ditterent sugp-
ars.

Longevity - The sugar pool associated with SDM
was considered as an important source of encrgy
for female sandflics. since on the 9th day. aficr the
first blood meal. 98% of the females were alive (Fig.
3). and this group survived approximately 15 days
(Fig. 4). These [emaics were able to take the sce-
ond blood meal after the 1st oviposition (Table IIT).
without performing the 2nd oviposition.

DISCUSSION

The chicf aim of this work was to study somg¢
aspects of sugar feeding 1n laboratory colonics of
phlebotomine sandflies in order to obtain maxi-
mum longevity and optimize their maintenance.
These studics clucidate the importance of sugar
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meals 1n experimental studies on sandfly infec-
tion by Leishmania, and 1ts transmission 1n labo-
ratory experiments as well as in naturc.

Barretto (1942) and Chaniotis (1967) sug-
gested that female sandflies need to feed on a sugar
solution betfore taking a blood meal.

Althcugh we had observed a high number of
females taking blood meal 1n the sugar pool added
to SDM group. our daily expenence with a L.
fongipalpis colony has shown that the sugar meal
is not ¢sscntial for the acceptance of blood by the
insects. Meanwhile, the same was not observed
with the L. intermedia colony, since 1t was neces-
sary 10 [ced the females with a sugar solution dur-
g three days before the blood meal. However,
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Fig. 4: longevity of Lutzomyia longipalpis fed on different sug-
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Fig 3: Lutcomyia longipalpis. Survival on different sugars.
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TABLE I
Lutzomyia longipalpis. Female survival after the oviposition, acceptance of the second blood meal and perfor-

mance of second oviposition

Tu-tal females

Survival to first

Second

Acceptance of
Treatment treated oviposition second blood oviposition
L meal o -
Fructose sat. 120} 12 O 0
Sucrose sat. 120 5 0 0
Sacharose + SDM 120 1 0 0
Maltose sat. 120 ] 0 ()
Trehalose sat. 120 ] 0 0
Melezitose 0.75M 120 6 0 ()
Sugar pool 120 8 0 ()
Sugar pool + SDM 120 30 10 0

SDM: Schneider's Drosophila Medium

our studies indicated that, when the sugar pool
was added to SDM, or trchalose was added to
SDM, or commercial sucrose was offcred to fe-
males, it was possible to obtain a high number of
insects feeding. This is an important aspect re-
lated to the maintenance of laboratory colonies and
for studies on experimentai infections of sandflies.
We believe that female sandflies in nature, which
feed on special kinds of sugar. have better condi-
fions to take a blood meal.

In relation to the number of eggs per oviposi-
tion, Brazil and Ward (1989) suggested that
L. longipalpis females laid more eggs when they
received sucrose as a source of food.

On the other hand, Ready (1979) suggested
that the egg production per oviposition was re-
lated to the blood feeding (siz¢ and composition)
In L. longipalpis. We think that the optimal con-
ditions of maintcnance of laboratory colonies can
be related to both sugar and blood feeding.

The present results show that treatment with
the sugar pool added to SDM ranks among the
ones which had higher rates of egg production than
the control treatment. The 13 (fructose 0.75M,
saturated fructose, saturated fructose added to
SDM, sucrose 1.50M, saturated sucrose, saturated
sucrose added to SDM, maltose 0.75M, maltose
1.50M, saturated maltose, trehalose 1.50M, satu-
rated trehalose, saturated trehalose added to SDM
and melezitose 0.75M) out of the 21 tested treat-
ments (61.9% of the cases) did not reveal signifi-
cant differences as compared with the control
groups (fed on commercial sucrose). It should be
stressed that sucrose, due to its practical aspect,
can be indicated as source of sugar in the mainte-
nance of phlebotomine colonies,

According to Killick-Kendrick et al. (1977) and
Rangel (1985}, the utilization of carbohydrates in

the laboratory feeding of sandflies would be re-
lated with longevity since females which were fed
on sugar solutions ¢xhibited a high survival rate
after oviposition. Chantotis (1974) tested the ef-
fect of eleven sugars on L. trapidoi longevity and
concluded that five sugars were associated with
betier results: sucrosc, fructose, maltose, raffinose
and glucose. The author suggested that the best
sugar food could be highly saturated sucrose or
fructose solutions.

Roubaud and Colas-Belcour (1927) com-
mented that a high number of females dying after
oviposition was observed in sandfly colonies.
Magnarellh and Mod: (1988) and Schlein et al.
(1992) suggested that the mixture of carbohydrates
and proteins (amino acids). as a sugar food to
sandflies, could cause higher survival rates and,
consequently, positive results 1n experimental stud-
ies on the development of Leishmania spp. in the
sandfly vector and the transmission of Leishma-
nia spp. through the bites of female sandflics.
Considering the observations related to the accep-
tance of first and second blood meals, we obtained
the best results when the sugar pool added to SDM
was employed. We suggest that this kind of sugar
tood can be employed on a routine basis in experi-
mental studies on the relationship between Leish-
mania spp. and their vectors.

We believe that the sandflies maintained on
sugar pool with a source of amino acids appear to
be the ideal diet for both the sandfly and the
promastigotes since previous findings have sug-
gested that carbohydrates have a significant role
in determining the behaviour of Leishmarnia in
sandflies. It has been shown that there is a
chemotaxic response of promastigotes to certain
carbohydrates in vitro (Bray 1983) and that growth
in a sugar medium induces transformation of
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Leishmania in a manncr similar to that the ob-
served in the sandfly (Schlein et al. 1987). The
sugar food probably has an important role in the
transmission of Leishmania specics by their vec-
tors. both in naturc and in the laboratory studies,
considering that this aspect was demonstrated to
be closely related to the females survival and the
acceptance of the second blood meal by them, and
consequently their vectorial competence. We con-
cluded that the best results were obtained with
females fed on the sugar pool added to SDM; this
obscrvation provides some indications related to
the behaviour of these phlebotomine under natu-
ral conditions.

The continuity of these studies investigating
the influence of sugar feeding on the development
of Leishmania spp. i1n the sandfly vectors will
contribute to a better understanding of the trans-
mission of leishmaniasis.
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