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Abstract

Xenorhabdus nematophilusis a pathogenic bacterium causing insect haemolymph septicemia, which leads to host insect death.
To address the fundamental mechanisms underlying this haemolymph septicemia, or the immunodepressive response of the host
insects following bacterial infection, we tested a hypothesis that the insect immune-mediating eicosanoid pathway is blocked by
inhibitory action of the bacterium. Haemocoelic injection of the bacteria into the fifth instar larvae ofSpodoptera exiguareduced
the total number of living haemocytes with postinjection time and resulted in host death in 16 h at 25°C. The lethal efficacy,
described by the median lethal bacterial dose (LD50), was estimated as 33 colony-forming units per fifth instar larva ofS. exigua.
The lethal effect of the bacteria on the infected larvae decreased significantly with the addition of exogenous arachidonic acid (10
µg), a precursor of eicosanoids. In comparison, injections of dexamethasone (10µg), a specific inhibitor of phospholipase A2, and
other eicosanoid biosynthesis inhibitors elevated significantly the bacterial pathogenicity. LiveX. nematophilusinduced the infected
larvae to form less nodules than did the heat-killed bacteria, but the addition of arachidonic acid increased the number of nodules
formed significantly in response to live bacterial injection. The treatment with dexamethasone and other inhibitors, however,
decreased the nodule formation after injection of heat-killed bacteria. These results indicate that eicosanoids play a role in the
immune response ofS. exigua, and suggest strongly thatX. nematophilusinhibits its eicosanoid pathway, which then results in
immunodepressive haemolymph septicemia. 2000 Elsevier Science Ltd. All rights reserved.
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1. Introduction

Insects are able to defend themselves against foreign
organisms by their own immune response. This response
is elicited by sequential reactions such as recognition of
nonself, mediation of the immune signal, and cellular
and humoral immune responses (reviewed in Gillespie
and Kanost, 1997). Specific chemical structures in differ-
ent organisms can be recognized as nonself by insects.
This information is conveyed by localized mediators
such as eicosanoids (Stanley-Samuelson, 1994) and bio-
genic amines (Baines et al., 1992; Dunphy and Downer,
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1994), and finally induces immunocompetent cells, hae-
mocytes, to exhibit actual immune responses.

The cellular immune response represents rapid thera-
peutic methods used by the haemocytes and includes
encapsulation, phagocytosis, and nodule formation
(Ratcliffe et al., 1985). The cellular response is then
reinforced by the humoral immune response that inacti-
vates or kills foreign organisms through the activities of
polyphenoloxidase (Ashida and Yamazaki, 1990), lyso-
zyme (Dunn, 1986), attacin, cecropins, and other anti-
bacterial proteins (Boman and Hultmark, 1987).

Xenorhabdus nematophilusis an intestinal symbiotic
bacterium of the entomopathogenic nematodeSteiner-
nema carpocapsae(Akhurst, 1980). After the infective
juveniles of the nematodes enter their host insect through
natural openings (mouth, anus, spiracles), they release
the bacteria into the insect haemocoel (Poinar and
Thomas, 1966). The bacterial cells multiply, kill their
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insect host, and establish conditions for nematode repro-
duction in the cadaver. These two mutualistic organisms
invade the various insect hosts, cause significant lethal
effects, and are thus used as biological control agents
(Kaya and Gaugler, 1993). There is, however, little
information available to understand the insecticidal
mechanism ofX. nematophiluswhereby it causes infec-
tivity and haemolymph septicemia. The cytotoxic
activity exhibited by the bacteria has been generally
regarded as the main cause of septicemia (Dunphy and
Webster 1984, 1991; Ribeiro et al., 1999). In this
hypothesis, after the bacteria enter the haemocoel of the
host insects, they kill haemocytes which are the major
cells exhibiting the immune responses. The cytotoxic
effect on the haemocytes results in haemolymph septice-
mia (Dunphy and Webster, 1984). But, the role of the
haemocytes before they are hit by the bacterial virulence
factors is questioned. Recent results by Forst et al.
(1997) indicated thatX. nematophilusinhibits the acti-
vation of the insect enzyme, phenoloxidase, by using a
lipopolysaccharide of the bacterium to tolerate or evade
the humoral defense response. The active enzyme is
believed to act crucially on various cellular and humoral
immune responses to clear out foreign organisms
(Brookman et al., 1989), in addition to its role in nonself
recognition (So¨derhäll and Smith, 1986).

Eicosanoids and some aminergic compounds also play
roles in the insect immune cascade (Stanley-Samuelson
et al., 1991; Baines et al., 1992). Stanley-Samuelson et
al. (1991) proposed an eicosanoid role in mediating
insect immune responses. Arachidonic acid, a precursor
of various eicosanoids, rescued the insects infected with
pathogenic bacteria in Lepidoptera, Coleoptera, and
Hemiptera (Miller et al. 1994, 1996; Tunaz et al., 1999).
Injected arachidonic acid strengthened the immune
response by activating phagocytosis and prophenoloxi-
dase (Mandato et al., 1997).

We investigated the action of the virulent factor(s)
secreted byX. nematophiluson the insect immune-
mediating process, and proposed a hypothesis that the
bacteria exerts an inhibitory effect on eicosanoid-
mediating immune signaling, thus resulting in an immu-
nodepressive condition in the infected insect host. To
test this hypothesis, the effect of arachidonic acid was
evaluated on rescuingX. nematophilus-infected insects,
and specific eicosanoid inhibitors were used to simulate
the inhibitory effect of the bacteria.

2. Materials and methods

2.1. Insects and bacterial cultures

The beet armyworm,Spodoptera exigua(Hübner),
was used as the insect host species. The larvae were
reared on an artificial diet (Gho et al., 1990) at 25±1°C,

a photoperiod of 16:8 (L:D) h, and RH 60±5%. Adults
were fed a 10% sucrose solution. Two-day-old fifth
instar larvae were used as test insects for bacterial patho-
genicity.

The entomopathogenic bacteria,Xenorhabdus nema-
tophilus, were isolated from the haemolymph of the fifth
instar larvae ofS. exiguainfected withSteinernema car-
pocapsaecollected in Pochon, Korea (Park et al., 1999).
The bacteria were cultured in tryptic soy agar (TSA)
medium (Difco, USA) at 28°C. The bacterial colonies
used in this study were phase I variant because they
showed a red color on NBTA (nutrient agar+0.0025%
bromothymol blue+0.004% triphenyltetrazolium
chloride) medium (Akhurst, 1980).

2.2. In vivo bacterial pathogenicity

The pathogenicity was described as a median lethal
bacterial dose (LD50) against the test insects. The bac-
teria were cultured in tryptic soy broth (Difco, USA) at
25°C for 48 h. After washing the cultured bacterial cells
three times with sterilized water and centrifuging the cul-
ture medium at 4000g for 2 min at 4°C, the cells were
resuspended in sterilized insect Ringer’s solution
(Humason, 1972) for the pathogenic assay. After several
tenfold dilutions of the stock bacterial solution with ster-
ilized Ringer’s solution, the bacterial samples were
grown on nutrient agar (Difco, USA) and counted to esti-
mate the mean colony forming units (cfu). The bacterial
test doses were prepared by diluting the estimated stock
suspension with Ringer’s solution.

The fifth instar larvae were surface-sterilized with
95% ethanol. One micoliter of the bacterial suspension
was administered to each test larva through the first
abdominal proleg by 10µl Hamilton micro-syringe
(Hamilton, Nevada, USA). The infected larvae were
incubated at 25°C. After 24 h, the dead larvae were
scored by the absence of voluntary movement when each
of three parts (head, thorax, and abdomen) of the body
was prodded once with a blunt needle. Each test dose
was replicated three times and each replicate consisted
of 12 larvae. LD50 was estimated by probit analysis.

2.3. Change in total live haemocyte counts

After being injected with an LD80 bacterial dose, the
larvae were kept at 25°C for predetermined times
between 0 and 24 h. At each test time, the treated larvae
were bled by cutting off the abdominal prolegs with a
pair of sterile scissors. The exuded haemolymph was
collected in a 1.5 ml cold (|5°C) tube, mixed with
0.04% trypan blue dye (1:1, v/v), and incubated for 5
min at 25°C. The haemocytes, which did not absorb the
dye, were regarded as living cells (Ribeiro et al., 1999)
and counted with a haemocytometer (Superior,
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Germany) under a phase contrast microscope. Three lar-
vae were used at each time per treatment.

2.4. Nodulation assay

At predetermined times after bacterial injection, the
test larvae were killed and kept at270°C until assessed.
For the nodulation assay, larvae were dissected by open-
ing the haemoceol. Melanized and dark nodules were
counted under a stereomicroscope at 50-fold magnifi-
cation. Even though their sizes varied, the nodules were
distinct enough to determine their locations.

To determine the time course of nodule formation, the
test larvae were injected with 106 cells of heat-killed
bacteria (60°C for 20 min) and kept at 25°C for seven
different incubation times. Control larvae were injected
with 2 µl of sterile Ringer’s solution. Each treatment
consisted of nine test larvae.

To determine the dose response of nodule formation,
the test larvae were injected with different doses of live
or heat-killed bacteria and incubated for 16 h at 25°C.
Each treatment consisted of nine test larvae.

2.5. Pharmacological treatment

Test insects were injected with 2µl containing 10µg
of each pharmaceutical agent. Injection was conducted
with a 10 µl Hamilton micro-syringe through the
abdominal proleg which was on the opposite side to that
of the bacterial injection. Control larvae were injected
with 95% ethanol.

All test chemicals were purchased from Sigma (St
Louis, MO, USA). They include arachidonic acid
(5,8,11,14-eicosatetraenoic acid), the specific phospho-
lipase A2 inhibitor dexamethasone ((11b,16a)-9-fluoro-
11,17,21-trihydroxy-16-methylpregna-1,4-dione), the
cyclooxygenase inhibitor naproxen (d-2-(6-methoxy-2-
naphthyl) propionic acid), the lipoxygenase inhibitor
esculetin (6,7-dihydroxycoumarin) and the dual cycloox-
ygenase and lipoxygenase inhibitor phenidone (1-phe-
nyl-3-pyrazolidinone).

2.6. Data analysis

Survival data were transformed by the square root and
arcsine method for normalization. Treatment means and
variances of the transformed data were analyzed by
PROC GLM of the SAS program (SAS Institute Inc.,
1988).

3. Results

3.1. Pathogenicity of X. nematophilus to S. exigua

The insecticidal effect ofX. nematophiluswas ana-
lyzed in vivo in the fifth instar larvae ofS. exigua(Fig.

Fig. 1. Pathogenicity ofXenorhabdus nematophilusto the fifth instar
larvae ofSpodoptera exigua. The larvae injected intrahaemocoelically
with different colony forming units (cfu) of the bacteria were kept at
25°C for 24 h and then assayed for mortality. Each measurement con-
sisted of 36 larvae with three replications.

1). Mortalities were dependent on the bacterial doses.
The slope of the dose–mortality regression was 2.6±0.8
and the median lethal dose of the bacteria (LD50) was
estimated as 33 cfu per larva. To give 100% mortality
to the host insects, more than 325 live bacterial cells
were required to be injected per larva.

Change in the total numbers of live haemocytes in
fifth instar larvae ofS. exiguawas traced with different
time intervals after bacterial injection (Fig. 2). Nonim-
munized larvae had|970 000 live haemocytes per ml
of haemolymph. The bacteria had a significant cytotoxic
effect on the haemocytes (F=229.31; df=8, 18;
P=0.0001). After 24 h post-injection, the larvae had only
55,000 live haemocytes per ml haemolymph, which rep-
resented ca. a 94% haemocyte density reduction. In con-
trast, did not change the total numbers of live haemo-
cytes in the controls (F=0.43; df=8, 18; P=0.8903).
Significant cytotoxicity (t=17.64; df=4; P=0.0001) was
found 4 h postinjection, which was the earliest measure-

Fig. 2. Cytotoxic effect ofXenorhabdus nematophiluson the haemo-
cytes of the fifth instar larvae ofSpodoptera exigua. The larvae
injected haemocoelically with the bacteria were kept at 25°C until the
haemocytes were assayed. Each measurement consisted of three larval
samples. The vertical bars represent the standard deviations.
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Fig. 3. Arachidonic acid (ARA, 10µl/larva) rescues the fifth instar
larva of Spodoptera exiguainfected withXenorhabdus nematophilus
at a dose of LD80. Controls were injected with 95% ethanol (EtOH)
instead of arachidonic acid. Mortality was measured at 24 h after the
haemocoelic injection of the bacteria. Each treatment consisted of 20
larvae with two replications. The error bars represent the standard devi-
ations. Different letters above the error bars were significantly different
at a=0.05.

ment time in this assay. All treated larvae had died by
16 h after the bacterial injection.

3.2. Effect of arachidonic acid on the pathogenicity of
X. nematophilus

The importance of arachidonic acid was analyzed in
the immunity of fifth instar larvae ofS. exiguaagainstX.
nematophilus. The insecticidal action ofX. nematophilus
decreased significantly by the addition of 10µg of arach-
idonic acid injected into bacterial-infected larvae (Fig.
3).

To test the dose effect of arachidonic acid on the bac-
terial insecticidal action, 10-fold dilutions of arachidonic
acid stock were prepared and compared (Fig. 4). There
was a dose-dependent response up to 10µg of arachi-
donic acid. The higher dose (100µg) did not, however,
have a significant effect on rescuing the infected larvae.

Fig. 4. Dose effect of arachidonic acid on the pathogenicity ofXenor-
habdus nematophilusto the fifth instar larvae ofSpodoptera exigua.
All larvae were injected with an LD80 dose of bacteria after arachidonic
acid treatments. Mortality was measured 24 h after the bacterial injec-
tion. Each measurement consisted of 20 larvae with two replications.
The error bars represent the standard deviations. Different letters above
the error bars were significantly different ata=0.05.

Fig. 5. Synergistic effect of dexamethasone (DEX), a specific inhibi-
tor of phospholipase A2, on the pathogenicity ofXenorhabdus nemato-
philus to the fifth instar larvae ofSpodoptera exigua. All larvae were
injected with an LD20 dose of bacteria after being treated with different
inhibitors. Mortality was measured 24 h after the bacterial injection.
Each measurement consisted of 20 larvae with two replications. The
error bars represent the standard deviations. Different letters above the
error bars were significantly different ata=0.05.

3.3. Effect of eicosanoid biosynthesis inhibitors on the
pathogenicity of X. nematophilus

The effects of eicosanoid biosynthesis inhibitors were
examined to test the importance of eicosanoids in insect
immunity and to determine whether the insecticidal
action of X. nematophilusinhibits the eicosanoid path-
way.

Dexamethasone (DEX), a specific inhibitor of phos-
pholipase A2, enhanced the insecticidal effect ofX. nem-
atophiluson the fifth instar larvae ofS. exigua(Fig. 5).
This synergistic DEX effect onX. nematophiluswas
dose-dependent, but did not change above 10µg.

All the other eicosanoid biosynthesis inhibitors tested
in this study also increased the lethal effect ofX. nema-
tophilus (Fig. 6). There were no significant differences
among the effects of the individual inhibitors such as
esculetin, phenidone, and naproxen. The effects of all

Fig. 6. Effect of other eicosanoid biosynthesis inhibitors (all 10
µg/larva) on the pathogenicity ofXenorhabdus nematophilusto the
fifth instar larvae ofSpodoptera exigua. All larvae were injected with
an LD20 dose of bacteria after being treated with different inhibitors.
Mortality was measured at 24 h after the bacterial injection. Each
measurement consisted of 20 larvae with two replications. The error
bars represent the standard deviations. Different letters above the error
bars were significantly different ata=0.05. Abbreviations: esculetin,
ESC; phenidone, PHE; naproxen, NAP.



1473Y. Park, Y. Kim / Journal of Insect Physiology 46 (2000) 1469–1476

Fig. 7. Time-course of nodule formation in the fifth instar larvae of
Spodoptera exiguain response to haemocoelic injection of heat-killed
Xenorhabdus nematophilus(106 cells/larva). Controls were injected
with sterile Ringer’s solution. Each measurement consisted of five lar-
vae. The vertical bars represent the standard deviations. Different let-
ters above the error bars were significantly different ata=0.05.

other inhibitors were lower than that of DEX on the lar-
vae at the same pharmaceutical dose (10µg).

3.4. Immunodepressive effect caused by X.
nematophilus

The lethal effect ofX. nematophiluson the larvae of
S. exiguawas further analyzed by measuring a cellular
immune response, nodule formation, since the bacteria
had significant cytotoxic effect on the haemocytes,
immunocompetent cells.

The fifth instar larvae ofS. exiguawere able to form
nodules in response to bacterial infection temporally and
quantitatively (Figs. 7 and 8). When the larvae were
injected with 106 cells of heat-killed bacteria, they began
to form nodules (t=2.89; df=9; P=0.0203) 1 h postinjec-
tion, the earliest time measured (Fig. 7). They formed
nodules in a time-dependent manner and had maximal
capacity (|33 nodules) 16 h postinjection. We used the
16 h incubation period for the subsequent nodule assays.

Fig. 8. Inhibitory effect ofXenorhabdus nematophiluson nodule for-
mation of the fifth instar larvae ofSpodoptera exigua. Bacteria-injected
larvae were incubated for 16 h at 25°C. Each measurement consisted
of five larvae. The vertical bars represent the standard deviations.

All treated larvae injected with the heat-killed bacteria
were alive and pupated successfully.

The number of nodules formed by the larvae increased
with the bacterial doses for both live and heat-killed bac-
teria (Fig. 8). The bacterial concentrations above 105

cells did not, however, change nodule formation in both
treatments. The maximum number of nodules was 12
and 31 for live and heat-killed bacterial injections,
respectively. There was a significant reduction in nodule
formation for live bacterial injections at all doses
(F=78.45; df=1, 13; P=0.0001).

3.5. Comparison of the effects of arachidonic acid
and eicosanoid biosynthesis inhibitors on the action of
X. nematophilus in nodule formation

The pharmaceutical effects on the lethal action ofX.
nematophiluswere analyzed by nodule assays. Appli-
cation of arachidonic acid significantly increased nodule
formation in larvae which were injected with 106 cells
of live bacteria (t=22.95; df=5; P=0.0087). The infected
larvae treated with arachidonic acid had fewer nodules
(8.4±4.5 per larva) than the control infected larvae
(26.0±4.5 per larva). In comparison, DEX and other
eicosanoid biosynthesis inhibitors reduced the nodule
formation of larvae injected with heat-killed bacteria
(106 cells) (Fig. 9). There was no significant variation
among the inhibitors in their inhibitory action on nod-
ule formation.

4. Discussion

Entomopathogenic bacteria,Xenorhabdus nemato-
philus, are transported into insect haemocoel by the help

Fig. 9. Effect of eicosanoid biosynthesis inhibitors (all 10µg/larva)
on nodule formation in the fifth instar larvae ofSpodoptera exigua
injected with heat-killedXenorhabdus nematophilusat a dose of 106

cells per larva. Controls were injected with 95% ethanol (EtOH)
instead of arachidonic acid. The nodule assay was conducted 16h after
the bacterial injection. Each treatment consisted of five larvae. The
error bars represent the standard deviations. Different letters above the
error bars were significantly different ata=0.05. Abbreviations:
dexamethasone, DEX; esculetin, ESC; phenidone, PHE; naproxen,
NAP.
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of mutualistic nematodes,Steinernemaspp. (Akhurst,
1982). The bacteria then secrete insecticidal toxin(s) to
kill the host insects and produce other antibiotics to
transform the host internal environment into favorable
conditions for the proliferation of the nematodes and
symbiotic bacteria (Poinar and Thomas, 1966). Insecti-
cidal toxins secreted by the bacteria have not been ident-
ified even though there are many reports of antimicrobial
agents synthesized by bacteria (Thaler et al., 1998;
Webster et al., 1998). Also, little information has been
documented on insecticidal mechanisms of the bacteria.

X. nematophiluswas highly toxic toS. exigua, death
occurring within 16 h. Our estimate of LD50 of X. nema-
tophilus to the larvae was|33 cfu.

In contrast, Dunphy and Webster (1984) reported in
Galleria mellonellaan LD50 of only |1 cfu in both pri-
mary and secondaryX. nematophilus. This suggests
there may be a difference in the immune capacity
between insect species. Similar host insect variation was
reported inX. bovieniibetweenTipula oleraceaandG.
mellonella (Ehlers et al., 1997). Here again,G. mel-
lonellawas about 2000-fold less susceptible thanT. oler-
acea.

The in vivo lethal effect was also shown in the cyto-
toxicity of the bacteria against haemocytes ofS. exigua.
There was approximately a 94% reduction in total live
haemocyte counts at 24 h postinjection. Dunphy and
Webster (1984) reported a total loss of haemocytes after
the injection ofX. nematophilusinto G. mellonella, fol-
lowing an initial increase. In our data, the number of
total haemocytes decreased just after the bacterial injec-
tion. This difference may be due to different insect hosts
or the nature of the haemocytes. We measured only liv-
ing haemocytes differentiated by trypan blue dye
(Ribeiro et al., 1999).

We could demonstrate the cellular immune response
of S. exiguaby observing nodule formation. The larvae
could form about 33 nodules maximally in response to
the heat-killed X. nematophilusin a dose–response
experiment. This nodule number is smaller than those of
other insect species: about 50 nodules inAgrotis ipsilon,
Pseudaletia unipuncta(Jurenka et al., 1997) and
Zophobas atratus(Miller et al., 1996) and over 100 nod-
ules inManduca sexta(Miller et al., 1994) andGalleria
mellonella(Mandato et al., 1997). This variation in nod-
ule formation capacity among insect species may come
from different pathogens and variation in circulating
haemocyte concentrations and haemolymph volumes as
suggested by Miller et al. (1996).

X. nematophiluscaused the infected larvae to be in
immunodepression. The larvae injected with live bac-
teria showed only about 30% of the maximal nodule
capacity. The nodulation process is generally divided
into two steps of haemocyte degranulation and activation
of prophenoloxidase cascade (Mandato et al., 1997).
Most haemolymph phenoloxidase activity is localized in

the haemocytes inS. exigua(Hung and Boucias, 1996).
Dunphy and Webster (1991) demonstrated thatX. nema-
tophilus inhibited the activation of prophenoloxidase to
phenoloxidase but did not inhibit preactivated phenol-
oxidase. This suggests thatX. nematophiluscan downre-
gulate the insect immune response and that the reduced
but still significant nodule formation of the infected
insects may be due to the pre-existing active phenoloxi-
dase.

The addition of arachidonic acid, a precursor of eicos-
anoids, reversed the lethal and inhibitory actions ofX.
nematophiluson the infected larvae. The effect was
dose-dependent except at an extraordinarily high dose
(100 µg) at which arachidonic acid did not have any
therapeutic effect and seemed to be out of the physio-
logical dose range. Direct and indirect evidence for
immune response mediation by eicosanoids is accumu-
lating for other insects infected with another pathogenic
bacteria,Serretia marsescens(Stanley-Samuelson, 1994;
Miller et al. 1994, 1996; Jurenka et al., 1997). Arachi-
donic acids, 20-carbon polyunsaturated fatty acids, are
released from phospholipids, mostly located in the mem-
brane, by the action of phospholipase A2 (PLA2) and
used as the precursors for biosynthesis of the various
eicosanoids (Stanley-Samuelson, 1994). Most insects
possess these C20 polyunsaturated fatty acids in low pro-
portions (Uscian and Stanley-Samuelson, 1994).

Although we did not measure the arachidonic acid
content and PLA2 activity of S. exigua, the results sug-
gest that the target of the toxin(s) ofX. nematophilusis
PLA2. This was demonstrated indirectly by the use of
dexamethasone, the specific inhibitor of PLA2. Treat-
ment of dexamethasone reinforced the lethal and inhibi-
tory action ofX. nematophilus. Other eicosanoid inhibi-
tors, which act on different enzymes catalyzing
eicosanoid biosynthesis, also had effects similar to that
of dexamethasone. The inhibitory action on any type of
eicosanoids could give a significant synergistic effect on
the pathogenicity ofX. nematophilus. This suggests the
importance of various eicosanoids in the cellular
immune reactions inS. exiguato defend against the
pathogenicity ofX. nematophilus.

Our results strongly suggest thatX. nematophilus
inhibits the immune-mediating eicosanoid pathway ofS.
exiguaand finally results in immunodepressive haemo-
lymph septicemia. Even though there is little information
showing parasites being able to manipulate host immune
responses via eicosanoids in insects, some parasites in
vertebrates use eicosanoid metabolites to avoid host
defense mechanisms.Brugia malayi, a parasitic nema-
tode causing human lymphatic filariasis, inhibits a host
cellular immune response such as platelet aggregation,
probably via parasite-derived eicosanoids (Liu and
Weller, 1992). Another nematode parasite,Dirofilaria
immitis, inhabits intravascular and intralymphatic sites
and produces filarial cyclooxygenase products such as
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PGD2 which may be responsible for depression of endo-
thelium-dependent relaxation to facilitate the filarial
pathogenicity (Kaiser et al., 1992). Prostaglandins such
as PGE2 and PGI are found in the saliva ofIxodes dam-
mini and their activity may help tick feeding by depress-
ing host refractory responses and promoting hyperemia
(Ribeiro et al., 1988). Insect defensive secretions have
been speculated to have immunodepressive materials.
Howard et al. (1986) demonstrated that the defensive
secretions ofTribolium castaneuminhibit prostaglandin
biosynthesis. Jurenka et al. (1989) also found prostaglan-
din biosynthetic inhibitors in the exocrine secretions of
Stephanitis sp. and speculated that the lace bug
secretions may be responsible for an unusual escape
from the attack of predators and parasites. The adaptive
significance of the inhibitors may be considered as an
additive effect on the defensive materials by inhibiting
the immune reaction of the recipients (Stanley, 2000).
We are currently trying to obtain direct evidence of the
inhibitory action ofX. nematophiluson the eicosanoid
pathway by comparing the amount of eicosanoids and
PLA2 activities present in infected and non-infected
insect hosts.
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