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SUMMARY

The saliva of haematophagous insects has a series of pharmacological activities which may favour blood feeding. In the

present study, an inhibitory effect on the complement system was observed in salivary extracts obtained from the phle-

botomine sand flies Lutzomyia longipalpis and Lu. migonei. Saliva from Lu. longipalpis was capable of inhibiting both the

classical and alternative pathways, while that from Lu. migonei acted only on the former. Other haematophagous insect

species were screened for inhibition of the classical pathway. The triatomine bugs Panstrongylus megistus, Triatoma

brasiliensis and Rhodnius prolixus were also able to inhibit the classical pathway whereas the mosquito Aedes aegyti and flea

Ctenocephalides felis were not. The activity of Lu. longipalpis saliva on the classical pathway was partially characterized.

The inhibitor is a protein of Mr 10 000–30 000 Da, which is very resistant to denaturation by heat. The inhibition of the

complement system by phlebotomine sand flies may have a role in the transmission of Leishmania to the vertebrate hosts.

The inhibitor molecule is thus a promising component of a vaccine to target salivary immunomodulators.

Key words: Lutzomyia longipalpis, haematophagous insects, complement inhibition, insect saliva, Leishmania trans-

mission, haematophagy.

INTRODUCTION

Phlebotomine sand flies of the Old World genus

Phlebotomus and American genus Lutzomyia are

important in public health as vectors of Leishmania

spp. As in all haematophagous arthropods, the saliva

of phlebotomines plays an important role in blood-

feeding, being rich in pharmacologically active bio-

molecules that interfere in physiological processes of

the vertebrate host facilitating ingestion of blood by

the insects (Ribeiro, 1987a, 1995; Kamhawi, 2000).

These include biomolecules capable to interfere with

platelet aggregation (Ribeiro, Rossignol & Spielman,

1986), coagulation (Adler & Theodor, 1926; Charlab

et al. 1999) and vasodilatation (Ribeiro et al. 1989).

Infectivity of Leishmania promastigotes to their

vertebrate hosts may be enhanced considerably by

the saliva of Lu. longipalpis and other sand fly species

(Titus & Ribeiro, 1988, 1990; Theodos, Ribeiro &

Titus, 1991; Theodos & Titus, 1993; Warburg et al.

1994; Melo, Williams & Tafuri, 2001; Bezerra &

Teixeira, 2001). Different mechanisms probably

contribute to this phenomenon, including inhibition

of antigen presentation (Theodos & Titus, 1993),

reduction in nitric oxide production by infected

macrophages (Hall & Titus, 1995), enhancement

of interleukin-4 secretion by T-lymphocytes (Lima

& Titus, 1996) and enhancement of macrophage

chemotaxis (Zer et al. 2001).

Recently we observed that the saliva of Lu. longi-

palpis was able to inhibit the lytic activity of com-

plement, acting both on the classical and alternative

pathways. We also observed inhibitory activity on

the classical pathway by the saliva of Lu. migonei

(Cavalcante, Pereira & Gontijo, 2002). The capacity

of saliva to inhibit the alternative pathway has al-

ready been described for some tick species (Ribeiro,

1987b ; Lawrie, Randolph & Nuttall, 1999; Valen-

zuela et al. 2000). The inhibition of the classical and

alternative pathways by Lu. longipalpis may have a

role in the transmission of Leishmania infantum

(syn L. chagasi), the aetiological agent of American

visceral leishmaniasis.

In this study we investigated the anti-complement

activity in several haematophagous insect species,

with special emphasis on the partial characterization

of the activity of the saliva of Lu. longipalpis on the

classical complement pathway.

MATERIALS AND METHODS

Origin and maintenance of insect colonies

Two populations of Lu. longipalpis were used in

this study, established from specimens captured at
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Teresina and Abaetetuba, in the Brazilian states of

Piauı́ and Pará respectively. The sand flies were

maintained in closed colonies at 25 xC and 60–80%

relative humidity (RH) as described by Modi &

Tesh (1983). A Lu. migonei population from Vene-

zuela was also maintained under this protocol. The

triatomines Triatoma brasiliensis (Brazil), Rhodnius

prolixus (Honduras) and Panstrongylus megistus

(Brasil) were fed weekly on chickens (Gallus gallus)

and maintained at 28 xC and 65% RH. Mosquitoes

(Aedes aegypti) from Brazil were maintained follow-

ing the rearing protocol of Eiras & Jepson (1991) in

a closed colony at 27 xC and 70% RH. Cat fleas,

Ctenocephalides felis, were collected directly from

infested dogs when required.

Collection of saliva

Salivary glands of 4-day-old unfed female sand flies

were dissected and transferred to 0.8% unbuffered

saline in an ice bath. The glands were broken by

sonication for 10 s, and after centrifugation at

10 000 g for 2 min the supernatant was collected.

Supernatant from salivary gland sonicate was as ef-

fective as that obtained by disruption of the salivary

lobes by successive pipetting. Although the suc-

cessive-pipetting method produces saliva without

intracellular contaminants this method was set aside

because it was difficult to disrupt all the salivary

lobes in a preparation. The salivary glands of sand

flies and mosquitoes were extracted from females

only, while those from triatomines and fleas came

from both sexes. The triatomines used had been

fasted for at least a week. The quantity of saliva in

the assays was expressed in the equivalent number of

glandular lobes. Sand flies, mosquitoes and triato-

mines possess 2 lobes per insect gland whereas fleas

have 4.

Assay of salivary action on the classical and/or

common pathway of the complement cascade

Opsonization of sheep erythrocytes. Opsonization of

sheep erythrocytes was carried out as described by

Whaley & North (1997), with slight modifications.

In brief, this procedure consisted of washing the

erythrocytes in GHB–EDTA (5 mM HEPES buffer,

145 mM NaCl, 10 mM EDTA and 0.1% gelatine at

pH 7.4) followed by their opsonization with rabbit

anti-sheep erythrocyte antibody (1 : 1500) at 37 xC

for 30 min. The anti-sheep erythrocyte antibody was

purchased from Sigma. After incubation the cells

were washed once in GHB–EDTA and then twice

in GHB2+ (5 mM HEPES buffer, 145 mM NaCl,

0.15 mM CaCl2, 0.5 mM MgCl2 and 0.1% gelatine

at pH 7.4). Erythrocytes used in the assays were di-

luted to a concentration of 1r108 cells/ml in GHB2+

and stored at 4 xC for up to 1 week.

Assay. This protocol was developed to assay the

complement cascade by means of triggering the

classical pathway, maintaining the alternative path-

way inactive.

In a typical assay, 50 ml of a pool of human serum

diluted in GHB2+ just enough to promote approxi-

mately 90% of the total haemolysis (a serum dilution

of 1 : 60 was usually sufficient) were mixed with 25 ml
of saliva solution at the desired concentration. The

human serum was obtained from volunteers and

was kept congealed at x20 xC until use. After the

addition of saliva, 50 ml of the suspension of sensi-

tized sheep erythrocytes were added and the tubes

incubated at 37 xC for 30 min. After incubation,

500 ml of ice-cold saline were added and a reading

made at 415 nm after centrifugation (1700 g for 30 s)

and transfer of 200 ml of supernatant to an ELISA

plate.

As a control, in each experiment total haemolysis,

spontaneous haemolysis and haemolysis in the pre-

sence of complement without saliva were measured.

To measure total haemolysis, saline was substituted

with an equivalent volume of water. To measure

spontaneous haemolysis (haemolysis without com-

plement), 50 ml of GHB2+ were added in place of

diluted serum. Finally, to evaluate the action of com-

plement without the interference of saliva, the 25 ml
of saliva solution were substituted with the same

volume of saline.

The results were expressed as percentage haemo-

lysis, considering 100% to be the value obtained

when complement was used without saliva (although

this value was considered as 100% it actually corre-

sponds to 90% of the total haemolysis). A haemolysis

inhibition curve at different concentrations of saliva

was made for each experiment.

Assay of the action of saliva on the alternative and/or

common pathway of the complement cascade

Preparation of rabbit erythrocytes. The erythro-

cytes were washed 3 times in GHB–EDTA and

stored at 4 xC for up to 1 week. On the day of the

experiment the erythrocytes were washed 3 times in

Mg-EGTA (1 mM HEPES, 29 mM NaCl, 100 mM

EGTA, 0.1 M MgCl2, 5% glucose and 0.02% gelatine

at pH 7.4) and their concentration adjusted to 1r108

cells/ml.

Assay. This assay begins with the triggering of the

alternative pathway of the complement cascade,

maintaining the classical pathway inactive (the

rabbit erythrocytes may spontaneously trigger the

alternative pathway of the human complement sys-

tem). Human serum (50 ml) diluted in Mg-EGTA,

just enough to promote approximately 90% hae-

molysis (a serum dilution of 1 : 10 was usually suf-

ficient), were mixed with 25 ml of saliva at the

desired concentration. The rest of the procedure is
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identical to that described for the classical pathway

assay.

Search for haemolysins in sand fly saliva

Haemolysins were sought in the saliva of sand flies,

based on the protocol for the assay of the classical

pathway where diluted human serum was substi-

tuted for saline. In each test a quantity of saliva

corresponding to 20 salivary lobes of Lu. longipalpis

or Lu. migonei was used.

Characterization of the chemical nature of the

factor(s) involved in the inhibition of the

classical pathway of the complement system

Assay of inactivation by heat. Saliva of Lu. long-

ipalpis was incubated in a boiling water bath. Ali-

quots were removed after 10, 30 and 60 min of

incubation and used in assays of haemolysis by the

classical complement pathway, as described above.

Assay of digestion by proteinase K. A sample of

saliva (equivalent to 8 salivary lobes in 8 ml of saline)
was incubated with 0.25 mg proteinase K in 10 mM

HEPES buffer at pH 7.5 for 4 h at 37 xC (final in-

cubation volume=28 ml). After incubation and di-

lution with 72 ml of saline containing BSA 1 mg/ml,

its effect on the complement cascade was evaluated

in assays of haemolysis by the classical pathway as

described previously. Before adding proteinase K,

an aliquot of the saliva sample was separated and

tested as a positive control.

Evaluation of the molecular weight of the factor(s)

involved in the inhibition of the classical

pathway of the complement system

A saliva sample collected in 0.8% saline was divided

into 3 equal aliquots. Each was ultrafiltered by

centrifugation (4000 g for 5 min) using membranes

whose cut-offs corresponded to 30 000, 10000 and

5000 Da respectively. The 3 samples of ultrafiltered

saliva were used in assays of haemolysis by the

classical pathway, as described previously.

Assay of trypsin inhibition by Lu. longipalpis saliva

Ten ml containing 0.75 mg of pig trypsin were in-

cubated at 25 xC in 80 mM HEPES/HCl buffer

at pH 7.4 with or without saliva using 0.05 mM

L-BApNA (Na-benzoyl-L-arginine-4-nitroanilide,
from Sigma) as substrate. The saliva concentrations

tested corresponded to 0, 25, 50 or 100 salivary

lobes. The final volume of the mixture was 250 ml.
After addition of the substrate, the optical density

was continuously registered during 5 min at a

wavelength of 410 nm. The initial velocities in the

assays with saliva were compared with that of the

assay without saliva.

Action of anti-Lu. longipalpis saliva serum on the

inhibitory effect of the saliva on the classical

pathway of the complement system

Four hamsters were immunized with Lu. longipalpis

saliva over a 5-week period by subjecting them,

under anaesthesia, to the bites of at least 100 female

sand flies/individual each week. Seven days after the

ultimate immunization the blood was collected by

cardiac puncture. A pool of sera from the animals

was inactivated at 56 xC for 30 min and then used in

the assays of haemolysis by complement for the

classical pathway, as described previously. In these

experiments 25 ml of undiluted anti-Lu. longipalpis

saliva serum were mixed with saliva before the ad-

dition of human complement and opsonized blood

cells (final volume of the preparation was 125 ml).

RESULTS

Saliva samples from Lu. longipalpis, Lu. migonei and

the triatomines P. megistus, T. brasiliensis and R.

prolixus were able to inhibit the classical pathway of

the complement system, as can be observed in Figs 1

and 2. When comparisons were made between the

two strains of Lu. longipalpis, both Piauı́ and Pará

strains inhibited the classical pathway of the comp-

lement system with the same intensity. Surprisingly,

Fig. 1. Inhibition of the classical pathway of the

complement system by Lutzomyia longipalpis and Lu.

migonei saliva. Inhibition of the classical pathway by saliva

of Lu. longipalpis (A) and Lu. migonei (B) was measured

using sensitized sheep erythrocytes in a haemolytic assay

as described in the Materials and Methods section. The

results were expressed as the mean % inhibition¡1 S.D.

per number of salivary gland lobes used to prepare the

salivary extract. Ten and 3 replicates respectively were

performed in the experiments.
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the inhibitory property of the classic pathway was

not observed in the saliva of Ae. aegypti or C. felis.

Inhibition of the alternative pathway of the comp-

lement system was tested only in Lu. longipalpis

(Piauı́ strain) and Lu. migonei. Inhibitory activity of

the alternative pathways in saliva of Lu. longipalpis

and Lu. migonei can be observed in Fig. 3. Unlike

Lu. longipalpis, saliva of Lu. migonei was unable to

inhibit the alternative pathway (at least, at the con-

centrations used in these experiments).

The salivas of both Lu. longipalpis and Lu. migonei

were free from any haemolysin that could have

interfered in the assays, since the greatest con-

centration used in the experiments was unable to

provoke any haemolysis.

In order to characterize partially the inhibitory

molecule of the classical pathway of Lu. longipalpis

saliva, its chemical nature, heat stability and ap-

proximate molecular weight were investigated.

When pre-incubated with proteinase K, the anti-

complement activity of the saliva disappeared, in-

dicating that the inhibitory molecule is a protein.

Despite being a protein, this molecule is strikingly

heat stable, able to withstand temperatures close to

100 xC for 1 h without significant loss of activity

(Fig. 4). Based on the ultrafiltration data shown in

Fig. 5, its molecular weight is 10 000–30 000 Da.

Given that some of the activated factors of the

complement cascade are serine proteases, it is poss-

ible that the inhibitory effect of saliva is due to the

Fig. 2. Inhibition of the classical pathway of the

complement system by Panstrongylus megistus, Triatoma

brasiliensis and Rhodnius prolixus saliva. The inhibition of

the classical pathway by the saliva of each triatomine

species was measured using sensitized sheep erythrocytes

in a haemolytic assay as described in the Materials and

Methods section. The results were expressed as mean %

inhibition¡1 S.D. per number of salivary gland lobes used

to prepare the salivary extract. Three replicates of the

experiment were performed.

Fig. 3. Inhibition of the alternative pathway of the

complement system by Lutzomyia longipalpis and Lu.

migonei saliva. Inhibition of the alternative pathway was

measured using unsensitized rabbit erythrocytes in a

haemolytic assay as described in the Materials and

Methods section. The results were expressed as mean %

inhibition¡1 S.D. per number of salivary gland lobes used

to prepare the salivary extract. Two replicates of the

experiment were performed.

Fig. 4. Stability of the Lutzomyia longipalpis salivary

inhibitor to heat. Lu. longipalpis saliva was heated in

boiling water for 10 (A), 30 (B) and 60 (C) min. Each

sample was assayed for complement inhibition of the

classical pathway using sensitized sheep erythrocytes in

a haemolytic assay as described in the Materials and

Methods section. The results were expressed as the mean

% inhibition¡1 S.D. per number of salivary gland lobes

used to prepare the salivary extract. Three replicates of the

experiment were performed.
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presence of some non-specific inhibitor of this class

of enzymes. The possible inhibition of trypsin by

Lu. longipalpis saliva was therefore tested using

the synthetic substrate BApNA. It was found that

even saliva corresponding to 100 salivary glands was

unable to inhibit trypsin activity.

The development of antibodies against the in-

hibitory factor of the classical pathway of the

complement system, present in the saliva of Lu.

longipalpis, was examined in an experiment where

hamsters were immunized for 5 weeks by means of

sand fly bites. Although there was a tendency to-

wards inactivation of anti-complement activity, total

anti-saliva serum was unable to inactivate signifi-

cantly the inhibitory activity of the classical pathway

present in the saliva of Lu. longipalpis, (P=0.4, 0.2

and 0.2 for each saliva concentration respectively,

using non-parametric t-tests), as can be observed

in Fig. 6.

DISCUSSION

Although haematophagy arose independently in

several insect groups by evolutionary convergence

(Ribeiro et al. 1998), salivary biomolecules able to

interfere with the physiology of the vertebrate host

at key points are repeatedly seen (Ribeiro, 1995).

Blood-feeding activities against haemostasis, the

cellular and humoral branches of the immune re-

sponse and inflammation have previously been de-

scribed (Belkaid et al. 2000) and it now appears that

the complement system is also affected.

The capacity to interfere with the complement

system has already been observed in the saliva

of hard ticks, potent inhibitory activity of the

alternative pathway being found in Ixodes species

(Ribeiro, 1987b ; Lawrie et al. 1999; Valenzuela et al.

2000). It is quite important for ticks to moderate the

complement system because it is the principal

mechanism of host resistance against infestation

(Wikel & Allen, 1977; Papatheodorou & Brossard,

1987).

The complement system comprises more than

30 proteins, linked in 2 biochemical cascades, the

classical and the alternative pathways. Activation of

the complement system encompasses a series of

initiation, amplification and lytic steps which are

regulated to control tissue-damaging capabilities of

the complement system (Makrides, 1998).

In Lu. longipalpis, the inhibition curves of both

the classical and alternative pathways are sigmoidal.

The same does not happen with inhibition of the

classical pathway by the saliva of Lu. migonei which

shows a rectilinear pattern of inhibition. This

difference could be related to the mechanism of

action of the inhibitory molecules of the saliva of

these insects.

The inhibitory molecule of the classical pathway

present in the saliva of Lu. longipalpis is an extremely

heat-stable protein of Mr 10–30 kDa. This stability

is probably related to a high number of disulphide

bonds between cysteine residues. Weak interactions

are mainly responsible for maintenance of the

tertiary structures of the proteins but they should be

unable to stabilize the inhibitory protein structure

for 1 h at 100 xC alone.

The proteases of the complement cascade are ser-

ine proteases (Arlaud, et al. 1998). When the possi-

bility of Lu. longipalpis saliva acting as a non-specific

inhibitor of serine proteases was examined no

Fig. 5. Estimation of the molecular weight of Lutzomyia

longipalpis classical pathway inhibitory factor by

ultrafiltration. Three aliquots of salivary extract were

ultrafiltered in filters with cut-off molecular weights of

30 000, 10 000 and 5000 Da. The filtered samples were

assayed for complement inhibition of the classical pathway

using sensitized sheep erythrocytes in a haemolytic assay

as described in the Materials and Methods section. The

results were expressed as the mean % inhibition¡1 S.D.

per number of salivary gland lobes used to prepare the

salivary extract. Three replicates of the experiment were

performed.

Fig. 6. The effect of anti-saliva immune serum on

inhibition of the classical pathway of the complement

system by Lutzomyia longipalpis saliva. Anti-saliva serum,

obtained from hamsters immunized by Lu. longipalpis

bites, was inactivated at 56 xC for 30 min and used in a

haemolytic assay using sensitized sheep erythrocytes as

described in the Materials and Methods section. The

results were expressed as the mean % inhibition¡1 S.D.

per number of salivary gland lobes used to prepare the

salivary extract. Three replicates of the experiment were

performed.
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inhibitory activity was observed, indicating that the

inhibitory activity may not be related with inhibition

of serine proteases from the complement system.

The saliva of Lu. longipalpis has approximately the

same potency to inhibit both pathways of the comp-

lement system since the ratio between the quantities

of serum and saliva (required to provide 100% in-

hibition) in the two assays is the same (0.83 ml/2 for

the classical pathway and 5 ml/12 for the alternative

pathway).

When an infected sand fly bites a host, the im-

munomodulatory properties of the saliva (Gillespie,

Mbow & Titus, 2000) could favour the parasites

being transmitted during the bite. Since Leishmania

infection is exacerbated when promastigotes are in-

oculated into the host together with sand fly saliva

(Titus & Ribeiro, 1988, 1990; Theodos et al. 1991;

Theodos & Titus, 1993; Warburg et al. 1994; Melo

et al. 2001; Bezerra & Teixeira, 2001), it is quite

probable that these parasites evolved to take advan-

tage of the pharmacological properties of vector

saliva.

The ability of different tick species to inhibit the

alternative pathway is correlated to the hosts they

commonly infest (Lawrie et al. 1999). The data pres-

ented in this study demonstrate the capacity of saliva

from the different insects studied to interfere with

the human complement system. The fact that sand

fly saliva efficiently inhibits the human complement

system could explain Leishmania transmission to

man by the insects. If this was so, these findings

could have important epidemiological implications.

Although promastigotes have escape mechanisms

against complement (Mosser & Brittingham, 1997)

none of the metacyclic forms can survive in un-

diluted serum (Nunes & Ramalho-Pinto, 1996;

Noronha et al. 1998). Thus the inhibition of comp-

lement (classical and alternative pathways) by Lu.

longipalpis saliva should be one of the factors in

facilitating the establishment of Le. infantum in the

hosts.

The antibodies raised by Lu. longipalpis saliva

were unable to inactivate totally the activity of the

complement inhibitor. Probably, this low efficiency

may be related to the immunosuppressive properties

of the phlebotomine saliva, especially its capability

to inhibit antigen presentation (Theodor & Titus,

1993).

The results presented here indicate that the pro-

tein inhibitor of the classical and alternative path-

ways could make up part of the composition of a

vaccine directed against some immunomodulatory

components of the saliva of Lu. longipalpis or other

sand fly species. Some salivary molecules are cur-

rently being studied with this objective (Kamhawi

et al. 2000;Morris et al. 2001; Valenzuela et al. 2001).

A vaccine directed against salivary components

appears promising. Salivary components such as

the peptide maxadilan, present in the Lu. longipalpis

saliva can exacerbate infection with L. major and

vaccinating against maxadilam protects mice against

infection (Morris et al. 2001). Accordingly, im-

munization against P. papatasi saliva also protects

mice against infection (Kamhawi et al. 2000).

This work was supported by a grant from CNPq
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