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Abstract

w 6 xWasp venoms contain several active components, among them kinin-related peptides. Like bradykinin and Thr bradykinin, Vespula
Õulgaris venom caused paw oedema following subplantar injection in anaesthetized rats. The oedema was partly inhibited by the

Ž .bradykinin B receptor antagonist icatibant Hoe 140 ; the remaining part was abolished by additional pretreatment with 5-hydroxytryp-2
Ž .tamine 5-HT receptor antagonists or mast cell depletion. Histamine receptor antagonists were ineffective. Capsaicin pretreatment

attenuated oedema formation indicating a neurogenic sensory component. Nociceptive behavioural responses induced by the venom in
unanaesthetized rats were abolished by icatibant. It is concluded that kinins, either contained in the venom or released from the tissue,
play the predominant role in the inflammatory and algesic effects. The inflammatory effects only partly rely on direct, bradykinin
receptor-mediated mechanisms while the remaining part depends on the release of 5-HT from skin mast cells. The algesic effects of the
venom are entirely due to direct B receptor activation. q 1998 Elsevier Science B.V. All rights reserved.2

Ž . Ž .Keywords: Inflammation; Bradykinin receptor antagonist; Icatibant Hoe 140 ; 5-HT 5-Hydroxytryptamine serotonin release; Pain; Capsaicin

1. Introduction

Ž .Already in 1954, Jaques and Schachter 1954 have
determined that the wasp venom contains high amounts of
a component that exhibited physicochemical properties
similar to those of purified bradykinin. Several different
bradykinin-related peptides have been identified in the

Ž .venoms of different wasp species Schachter, 1968 . Due
to their prominent actions on vascular permeability and
nociceptive afferent neurones, these kinins could be antici-
pated to be responsible for the inflammatory and algesic
effects of the venom. However, besides kinins, a number
of other factors are also present in wasp venoms which
could contribute to their effects either on their own or by
releasing secondary mediators from the tissue. Among

Ž .these factors are histamine, 5-hydroxytryptamine 5-HT or
Žacetylcholine e.g., Piek et al., 1983a,b; Sarangi et al.,

.1990 , hydrophobic peptides, mastoparans and chemotactic
Ž .peptides Nakajima et al., 1985 , or enzymes such as

) Corresponding author. Tel.: q43-316-380-4310; fax: q43-316-380-
9645; e-mail: thomas.griesbacher@kfunigraz.ac.at

Ž .hyaluronidase Habermann, 1972; Schmidt et al., 1986
Ž .and phospholipases Watala and Kowalczyk, 1990 .

The most prominent acute symptoms caused by wasp
venoms are the formation of a localized cutaneous oedema
and pain. In order to investigate the importance of the
kinins contained in the venom of the wasp Vespula Õul-
garis, the bradykinin B receptor antagonist, icatibant2
Ž w 3 5 7 8 xD-Arg- Hyp ,Thi ,D-Tic ,Oic bradykinin, formerly
named Hoe 140; Lembeck et al., 1991; Hock et al., 1991;

.Wirth et al., 1991 was used. The effects of the venom
were compared with those of synthetic bradykinin and
w 6 xThr bradykinin, another kinin found in wasp venoms
Ž .Yasuhara et al., 1987 .

2. Methods

2.1. Determination of histamine, 5-HT and kininlike mate-
rial

The content of histamine and 5-HT was determined in
Žaqueous solutions of Vespula Õulgaris venom 1 mgrml
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in 154 mM phosphate-buffered saline, diluted 1:100 with
.0.2 N perchloric acid for 5-HT by reversed phase HPLC

Ž .LiChrospher 100 RP18, 5 mm column . For histamine the
eluent was 0.1 M acetic acid, 0.1% pentanesulfonic acid
and 20% acetonitrile; for 5-HT the eluent was phosphate
buffer pH 5.0 containing 4 mM heptanesulfonic acid and
14% methanol. Histamine was analysed by fluorescence
detection according to the method of Skofitsch et al.
Ž .1981 , 5-HT was determined by electrochemical detection

Ž .according to Sperk 1982 .
Measurement of kininlike material was performed on

Žthe isolated guinea-pig ileum in vitro. Pieces of ileum 1.5
.cm were taken starting approximately 5 cm proximal to

the ileocoecal valve. The preparations were suspended at
378C in organ baths in Tyrode solution containing atropine
Ž . Ž . Ž0.35 mM , mepyramin 0.35 mM and ketanserin 1.0

.mM and oxygenated with 95% O and 5% CO . Isotonic2 2

contractions were recorded under a resting tension of 2 g.
A maximum concentration of the ileum was induced by 10
mM bradykinin at the beginning of the experiment. After
an equilibrium period of 45 min which included regular
washing procedures, a contraction–response curve was

Ž .established for Vespula Õulgaris venom 1–10 mgrml .
The contact time for all concentrations was 1 min. In order
to identify the contractile agent in the venom, the concen-
tration–response curve was repeated in the presence of the

Ž .B receptor antagonist icatibant 3–300 nM . Similar con-2

centration–response curves were established for bradykinin
Ž . w 6 x Ž .3–300 nM and Thr bradykinin 10–1000 nM . The
concentration–response curves were subjected to logit–log
transformation to linearize the sigmoid curves. Linear re-
gression analysis was used to calculate pEC values for50

each agonist which served for the quantification of the
kininlike material in the Vespula Õulgaris venom.

2.2. Rat paw oedema

ŽFemale Sprague – Dawley rats 200 – 250 g,
Forschungsanstalt fur Versuchstierzucht, Himberg, Aus-¨

. Žtria were anaesthetized with pentobarbitone sodium 40
.mgrkg, i.p. . At the same time, receptor antagonists were

injected s.c. as given below. Thirty minutes later, a sub-
plantar injection of Vespula Õulgaris venom, bradykinin or
w 6 xThr bradykinin was given into one hind paw, whereas
the contralateral paw was injected with 50 ml of phos-
phate-buffered saline. The volume of the paws was deter-
mined prior to these injections with a plethysmometer
Ž .Ugo Basile, Italy . The measurements were repeated at
5-min intervals during a period of 30 min. The magnitude
of the paw oedema was quantified as vol% increase of the
agonist-injected paw minus vol% increase of the control
paw.

In order to establish the dose–response relationship of
the agonists, 5 doses of the agonists were used. The venom
of Vespula Õulgaris was injected at 0.3–30 mg per paw,

w 6 xsynthetic bradykinin and Thr bradykinin were given at

0.3–30 nmol per paw. For the subsequent study using
receptor antagonists for inflammatory mediators, only one

Ž .dose of the venom 10 mg and of bradykinin and
w 6 x Ž . Ž .Thr bradykinin 30 nmol each was used see below .

2.3. Treatments

For the exclusion of a heat-sensitive component of the
venom, the venom was incubated either for 5 min at 908C
or for 30 min at 708C. The heated samples were allowed to
cool to room temperature before being injected into the rat
paws; control animals received subplantar injections of
unheated venom instead. Inhibition of a possible release of
kinins from the tissue was attempted by pretreatment of

Ž .rats with soybean trypsin inhibitor 20 mgrkg, i.v. 20 min
prior to the injection of the venom; control animals re-

Ž .ceived an appropriate volume 1 mlrkg of the solvent,
154 mM NaCl solution, instead. In a further series of
experiments, the venom was injected either alone or to-

Ž .gether with aprotinin 800 KIU .
All receptor antagonists were injected 20 min before the

subplantar injections of the venom or the synthetic kinins.
Icatibant was injected s.c. at a dose of 30, 100 or 300
nmolrkg, while control rats were received 1 mlrkg of a
154 mM solution of NaCl. Further experimental groups
were pretreated i.p. with the H receptor antagonist,1

Ž .mepyramine 20 mmolrkg , the H receptor antagonist,2
Ž .cimetidine 20 mmolrkg , or with the 5-HT r5-HT re-1 2

Žceptor antagonists, ketanserin or methysergide each at 20
.mmolrkg . In order to exclude effects of lowered blood

pressure, a separate group of rats was used to monitor
systemic blood pressure in a carotid artery by means of a
Statham pressure transducer. The a -adrenoceptor antago-1

Ž .nist phentolamine 7.5 mmolrkg was injected i.p. to
induce a reduction in blood pressure similar to that in-
duced by methysergide.

In order to investigate the involvement of mast cell
degranulation, rats were pretreated with compound 48r80.
The agent was injected i.p. on 4 consecutive days. During
this period one injection of 5 mgrkg was given in the
morning of each day, whereas on day 4 a second injection
was given in the afternoon. Control rats were injected with
equal volumes of a 154 mM NaCl solution. In order to
reduce the distress of the animals caused by this treatment,
each injection was preceded by pentobarbitone sodium

Ž .anaesthesia 40 mgrkg, i.p. and a protective treatment
with a combination of mepyramine, cimetidine and methy-

Ž .sergide 20 mmolrkg of each, i.p. . The skin content of
histamine in the plantar skin of the hind paws was deter-

Ž .mined by HPLC determination Skofitsch et al., 1981 in
separate groups of rats after homogenisation of the skin
Ž .Holzer et al., 1981 .

The contribution of primary afferent neurones to the
inflammatory effects of the venom and synthetic bradykinin
was investigated in rats which were pretreated as neonates
Ž . Ž .second day with capsaicin 50 mgrkg, s.c. for the
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Žirreversible ablation of afferent sensory C-fibres Holzer,
.1981 ; a control group of rats had been injected with the

Ž . Ž .solvent, 10% vrv Tween 80 and 10% vrv ethanol in
154 mM NaCl solution, instead.

2.4. NociceptiÕe behaÕioural responses

In order to determine the effect of icatibant on nocicep-
Žtive responses, rats were injected s.c. with icatibant 300

. Ž .nmolrkg or with saline 1 mlrkg and placed in an
Ž .observation box 30 cm=30 cm with nontransparent

walls. The behaviour of the animals was observed from
below using a mirror. After a period of 10 min to accustom
the animals to the new environment, the rats received a

Ž .subplantar injection of Vespula Õulgaris venom 50 mg ,
Ž . w 6 x Ž .bradykinin 50 nmol or Thr bradykinin 50 nmol in 50

ml phosphate-buffered saline. The subplantar injections
were carried out under brief nitrous oxide analgesia to
minimize stress induced by the injections. Then, they were
returned to the observation box and behaviour was moni-
tored for a period of 60 min by a person not knowing the
nature of the pretreatment of the animals. The behavioural

Žresponses were rated with scores 0sno reaction, 1s
favouring the noninjected contralateral paw, 2selevating
the injected paw from the ground, 3s licking or biting the

.injected paw; Legat et al., 1994 and recorded using a
personal computer. For each 1-min period a mean score
was calculated. The responses were recorded either in

Žcontrol animals or in rats pretreated with icatibant 300
.nmolrkg, s.c. or with the 5-HT receptor antagonist,3

Ž .ondansetron 300 nmolrkg, s.c. .
All animal experiments followed the Principles of Lab-

Žoratory Animal Care NIH publication No. 85-23, rev.
.1985 and the Austrian Law on Experiments in Living

Ž .Animals BGBl. 501r1989 , and were granted permission
by the Commission for Animal Experiments of the Aus-
trian Ministry for Science.

2.5. Statistical analysis

All values are presented as mean values"S.E.M. Since
in most cases the data did not meet the criteria for para-

Ž .metric evaluation normal distribution, homoskedasticity ,
comparisons between different treatment groups were made
using rank analysis of variance and multiple nonparametric

Ž .comparisons Zar, 1984 . Probability values of -0.05
were considered significant. The dose-dependency of the
effects of icatibant on the paw oedema induced by the
venom or the synthetic kinins was tested using the Jonck-

Žheere test for ordered alternatives Siegel and Castellan,
.1988 .

2.6. Drugs

Ž w 3 5 7 8 xIcatibant D-Arg- Hyp ,Thi ,D-Tic ,Oic bradykinin;
Ž .Hyp s L-4-hydroxyproline, Thi s b- 2-thienyl -L-alanine,

ŽD-Tic s D- 1,2,3,4-tetrahydroisoquinoline-2-yl-carboxylic
. wŽ .acid , Oic s L- 3aS,7aS -octahydroindol-2-yl-carboxylic
. Žacid was provided by Hoechst Frankfurtr Main, Ger-
. w 6 xmany . Bradykinin, Thr bradykinin and lyophilized whole

venom from Vespula Õulgaris were obtained from Sigma
Ž .St. Louis, MO, USA , Further substances were: 5-

Ž .hydroxytryptamine Glaxo, Greenford, UK , histamine, on-
Ž .dansetron and soybean trypsin inhibitor Sigma , mepyra-

Žmine and cimetidine Smith Kline and French, Welwyn
. Ž .Garden City, UK , ketanserin Janssen, Beerse, Belgium ,

Ž .methysergide Sandoz, Basel, Switzerland , aprotinin
Ž . ŽTrasylol, Bayer, Leverkusen, Germany , capsaicin Fluka,

. ŽBuchs, Switzerland , pentobarbitone sodium Nembutal,
.Sanofi Sante Nutrition Animale, Libourne, France . The´

Ž .composition of the Tyrode solution was in mM : NaCl
136.9, KCl 2.7, CaCl 1.8, MgCl 1.15, NaH PO 0.42,2 2 2 4

NaHCO 11.9, D-glucose 5.6; pH 7.4 when aerated with3
Ž .5% CO in O at 378C. Phosphate-buffered saline mM :2 2

NaCl 136.9, KCl 2.7, KH PO 1.5, Na HPO 7.7; pH 7.32 4 2 4

at 208C.

3. Results

3.1. Venom content of histamine, 5-HT and kininlike mate-
rial

The contents of histamine and 5-HT in the venom of
Vespula Õulgaris were measured by h.p.l.c. analysis and
fluorescence or electrochemical detection, respectively. The

Ž .venom was thus found to contain 10 mgrmg 90 nmolrmg
Ž .histamine and 5.4 mgrmg 30 nmolrmg 5-HT.

The quantification of kininlike material in the venom
was performed in an in vitro preparation of the isolated
guinea-pig ileum. In the presence of atropine, mepyramine
and methysergide, the venom produced concentration-de-
pendent contractions of the ileum when tested in concen-
trations of 4–10 mgrml. The contractions elicited by the
highest venom concentration amounted to 70% of the
bradykinin-induced maximum contractions. Higher con-
centrations of the venom could not be used due to lack of
sufficient amounts of the material. The kininlike nature of
the venom component responsible for the contractile activ-
ity was confirmed by the concentration-dependent inhibi-
tion by the bradykinin B receptor antagonist, icatibant.2

Ž .The highest icatibant concentration 300 nM completely
abolished the venom-induced contractions so that the com-
parison of the concentration–response curve to the wasp
venom with those of synthetic bradykinin and
w 6 xThr bradykinin could be used for the quantification of
kinins in the venom. EC values for the venom, bradykinin50

w 6 x Žand Thr bradykinin were 4.4 mgrml 95% confidence
. Ž .interval 0.4–79 mgrml , 16.2 nM 0.9–300 nM and 97.2

Ž .nM 9.4–990 nM , respectively. Hence, the content of
kininlike material of 1 mg of the venom corresponds to 3.7

w 6 xpmol bradykinin or 22.1 pmol Thr bradykinin.
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3.2. Rat paw oedema

Following its subplantar injection the whole venom of
Vespula Õulgaris produced a swelling of the rat hind paw
which reached its maximum 15–20 min after the injection
and remained constant thereafter. Similarly, bradykinin

w 6 xand Thr bradykinin elicited a paw oedema of the same
time course. In previous dose-finding studies, a dose of 10
mg of the venom produced effects of a size similar to that
of 30 nmol bradykinin so that these doses were chosen in
the subsequent experiments described here. However, dur-
ing the further course of the study, the rats responded

w 6 xsomewhat better to bradykinin. Thr bradykinin, despite
its apparently higher potency compared to bradykinin itself
Ž .compare Figs. 1–3 , was deliberately used at the same

Ž .dose as bradykinin 30 nmol .

3.3. Heat inactiÕation of the Õenom and effects of protease
inhibitors

Ž .The paw oedema induced by the venom 10 mg was
not effected by incubation of the venom for 5 min at 908C
Ž .57"4% net increase in paw volume, ns5 or for 30

Ž .min at 708C 58"4%, ns5 . Both values were not
different from that induced by an unheated sample of the

Ž .venom 48"4%, ns9 .
Pretreatment with the serine protease inhibitor, soybean

Ž .trypsin inhibitor 20 mgrkg, i.v. , 15 min prior to the
subplantar injection of the venom was ineffective since the

Ž .ensuing paw oedema 58"8%, ns6 was equivalent to
that observed in control animals injected i.v. with 154 mM

Ž .Fig. 1. Effect of icatibant on paw oedema in anaesthetized rats: A wasp
Ž . Ž . Ž . Ž . w 6 x Žvenom 10 mg , B bradykinin 30 nmol or C Thr bradykinin 30

.nmol was injected s.c. into one hind paw while the contralateral paw was
Ž .treated with 50 ml phosphate-buffered saline. Icatibant open columns

was administered s.c. 20 min prior to the experiment in doses given
Ž .below the columns in nmolrkg , control animals were injected s.c. with

Ž .154 mM NaCl solution 1 mlrkg; cross-hatched columns . Data are given
as net percent increase in paw volume 30 min after the subplantar
injection of the agonists. Column height represents mean values, vertical
lines show S.E.M. Significance of difference from control groups: ) P -

0.05, )) P -0.01; ns6–9 per group.

Fig. 2. Effect of compound 48r80 on rat paw oedema induced by
Ž . Ž . Ž .subplantar injections of A Vespula Õulgaris venom 10 mg or B

Ž . Ž .bradykinin 30 nmol : compound 48r80 C48r80 was administered i.p.
over 4 days at a total dose of 25 mgrkg while control animals were

Ž . Žpretreated with 154 mm NaCl solution saline . Icatibant ICAT; 300
. Ž .nmolrkg , or its vehicle saline, 1 mlrkg , were injected s.c. 20 min

prior to the induction of the paw oedema. Increase in hind-paw volume is
given as percent increase in volume of the agonist-injected paw minus
contralateral paw injected with 50 ml phosphate-buffered saline. Means"

S.E.M.; ns6–8 per group.

Ž .NaCl solution 59"5%, ns6 . Similarly, the coinjection
Ž .of the venom together with aprotinin 800 KIU resulted in

Ž .an oedema formation 57"6%, ns5 which was not
significantly different from the paw oedema induced by

Ž .the venom alone 42"4%, ns5 .

3.4. Effects of B receptor antagonism on paw oedema2

The bradykinin B receptor antagonist, icatibant, given2

s.c. 20 min prior to the experiment at doses of 30–300
nmolrkg, reduced the paw oedema induced by the wasp

Ž . Ž .venom 10 mg , by synthetic bradykinin 30 nmol or
w 6 x Ž . Ž .Thr bradykinin 30 nmol significantly Fig. 1 . The
dose-dependency of the effect of icatibant was confirmed

Ž .by the Jonckheere test for ordered alternatives P-0.01 .
However, the inhibition of the increase in paw volume was
incomplete and could not be improved by even higher
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Fig. 3. Effect of neonatal capsaicin treatment on rat paw oedema induced
Ž . Ž . Ž .by subplantar injections of A Vespula Õulgaris venom 10 mg or B

Ž .bradykinin 30 nmol : capsaicin was administered s.c. on the second
postpartal day at a dose of 50 mgrkg while control animals were given

Ž . Ž .the vehicle, 10% vrv Tween 80 and 10% vrv ethanol in a 154-mM
NaCl solution. Increase in hind-paw volume is given as percent increase
in volume of the agonist-injected paw minus contralateral paw injected
with 50 ml phosphate-buffered saline. Means"S.E.M. Significance of
difference from the vehicle control group: ) P -0.05; ns5 per group.

doses of icatibant. The maximum inhibition seen with 300
nmolrkg of the B receptor antagonist was 43%, 58% and2

w 6 x46% for the venom, bradykinin and Thr bradykinin,
respectively. Since this dose of icatibant thus can be
concluded to produce a complete inhibition of those effects
that are mediated by B receptors, this dose was used in2

the further experiments.

3.5. Effects of histamine receptor antagonists

Pretreatment with the histamine H receptor antagonist,1
Ž .mepyramine 20 mmolrkg, i.p. , given 20 min before the

subplantar injections of Vespula Õulgaris venom,
w 6 xbradykinin or Thr bradykinin, had no effect on the paw

oedema. This lack of effect was observed both in normal
Žrats and in rats pretreated with icatibant 300 nmolrkg,

. Ž .s.c. Table 1 . The effectivity of histamine H receptor1

Table 1
Effect of histamine receptor antagonists on rat paw oedema induced by
subplantar injections of Vespula Õulgaris venom, bradykinin and
w 6 xThr bradykinin

Ž .Agonist Paw oedema net vol% increase

Pretreatment i.p. Pretreatment s.c.

Control Icatibant

Venom Control 40"4 18"4
Mepyramine 38"5 17"5
Cimetidine 41"3 21"5

Bradykinin Control 64"7 28"5
Mepyramine 68"6 30"7
Cimetidine 66"8 28"8

6w xThr bradykinin Control 79"8 35"4
Mepyramine 74"7 41"6

Data are presented as means"S.E.M.; ns5–8 per group.

blockade with mepyramine was tested by investigating the
Ž .effects of the chosen dose of mepyramine 20 mmolrkg

on rat paw oedema induced by a subplantar injection of
Ž .histamine 500 nmol . While this oedema amounted to
Ž .35"2% ns6 in control animals, it was completely
Ž .abolished 1"3%, ns6 by pretreatment with mepyra-

mine. On the other hand, the paw oedema induced by 5
Ž .nmol 5-HT 42"6%, ns4 was unaffected by the H1

Ž .receptor antagonist 47"9%, ns4 . Since there are some
reports of a possible involvement of H receptors in the2

oedematogenic effects of histamine in the skin of some
Ž .species see Section 4 , the H receptor antagonist cimeti-2

Ž .dine 20 mmolrkg, i.p. was also used. However, cimeti-
dine did not have any effect on the actions of the venom or

Ž .bradykinin see Table 1 , nor did it affect histamine-in-
Žduced paw oedema 42"4% paw volume increase, ns4

.vs 38"5% in controls, ns4 .

3.6. Effects of 5-HT receptor antagonists

Similar to the bradykinin B receptor antagonist, icati-2

bant, the 5-HT receptor antagonists ketanserin and methy-
sergide, each injected at a dose of 20 mmolrkg i.p.,
reduced the paw oedema determined 30 min after response
to subplantar injections of the venom, bradykinin and
w 6 x Ž .Thr bradykinin 40–60% Table 2 . The inhibition by

Ž .ketanserin and methysergide was significant P-0.05
from 10 min until the end of the experiment at 30 min. In
animals that had been pretreated with the bradykinin recep-
tor antagonist icatibant, the icatibant-resistant part of the
oedema was almost abolished by additional pretreatment
with ketanserin or methysergide.

Both ketanserin and methysergide have effects on sys-
temic blood pressure. In order to exclude possible unspe-
cific effects of changes in systemic haemodynamics, the
hypotensive effects of the 5-HT receptor antagonists were
determined. Only icatibant-pretreated rats were used for
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Table 2
Effect of 5-hydroxytryptamine receptor antagonists on rat paw oedema
induced by subplantar injections of Vespula Õulgaris venom, bradykinin

w 6 xand Thr bradykinin

Ž .Agonist Paw oedema net vol% increase

Pretreatment i.p Pretreatment s.c.

Control Icatibant

Venom Control 46"5 25"4
a bKetanserin 22"2 3"1
a aMethysergide 23"3 3"2

Bradykinin Control 59"5 29"4
b aKetanserin 24"5 5"3
a bMethysergide 26"7 4"2

6w xThr bradykinin Control 75"8 30"5
a aKetanserin 35"4 8"3

Data are presented as means"S.E.M.; ns5–10 per group.
Significance of difference from animals without 5-HT receptor antago-
nists: aP -0.05, bP -0.01.

this part of the study. While the lowering in blood pressure
Žwas more prominent with ketanserin y59"6 mmHg,

. Ž .ns6 than with methysergide y35"1, ns6 , the fall
in blood pressure induced by the latter 5-HT receptor
antagonist was still significantly different from that which

Žoccurred in rats that had received only icatibant y10"2
. ŽmmHg, ns8 . A fall in blood pressure y32"4 mmHg,

.ns6 comparable to that observed after methysergide
could be mimicked with the a -adrenoceptor antagonist1

Ž .phentolamine 7.5 mmolrkg, i.p. . However, the
icatibant-resistant part of the oedema formation in re-

Žsponse to bradykinin 18"3% paw volume increase, ns
. Ž .7 remained unaffected 16"6%, ns5 by phentolamine.

As a further test for possible unspecific inhibitory effects,
methysergide was tested against histamine. The paw
oedema induced by subplantar injection of 500 nmol his-

Ž .tamine 35"2%, ns4 was completely unaffected by
Ž .methysergide 31"3%, ns4 , whereas the oedema

Ž .caused by 5-HT 42"6%, ns5 was completely abol-
Ž .ished 2"3%, ns4 .

3.7. Effects of compound 48r80

In order to determine the possible contribution of medi-
ator release from skin mast cells by the venom of Vespula
Õulgaris and by synthetic bradykinin, rats were pretreated
with compound 48r80. The i.p. administration of 25
mgrkg compound 48r80, divided into 5 doses adminis-

Ž .tered over 4 days see Section 2 , reduced the histamine
levels of the plantar skin of the hindpaws to 1.3"0.1

Ž .mgrg wet weight ns6 , while the skin content of his-
tamine in rats pretreated with the vehicle for compound

Ž .48r80 154 mM NaCl solution, 1 mlrkg per injection
Ž . Ž .was 10.6"0.6 grg wet weight ns6 P-0.01 .

The paw oedema caused by the venom of Vespula
Õulgaris was reduced by the pretreatment with compound

48r80 to values of about half of those observed in control
Ž . Žanimals Fig. 2A . The differences were significant P-

.0.05 throughout the experiment. When the pretreatment
with compound 48r80 was combined with an additional
treatment with the bradykinin receptor antagonist, icatibant
Ž .300 nmolrkg, s.c. , immediately before the subplantar
injection of the venom, the remaining part of the oedema

Ž .was almost completely abolished P-0.05 . The same
pattern of inhibition was observed when synthetic
bradykinin was used to induce the oedema of the hind-
paws: the pretreatments with compound 48r80 and icati-

Ž .bant each caused a reduction of about 40–60% P-0.05
when given alone, while a combination of the two pretreat-
ments caused an almost complete inhibition of the effect of

Ž .bradykinin Fig. 2B .

3.8. Effects of ablation of afferent C-fibres by capsaicin

The increase in vascular permeability measured as in-
crease in paw volume following subplantar injection of the
wasp venom was reduced by ablation of primary afferent
C-fibres by neonatal capsaicin treatment of the experimen-

Ž .tal animals Fig. 3A . However, the difference from values
obtained in the control group achieved statistical signifi-
cance only for the measurements taken at 10, 15 and 20
min. The same effect of capsaicin could be demonstrated

Ž .for the bradykinin-induced oedema formation Fig. 3B
where a significant attenuation of the effect could be found
between 10 and 20 min.

3.9. NociceptiÕe behaÕiour

Ž .The doses of Vespula Õulgaris venom 10 mg ,
Ž . w 6 x Ž .bradykinin 30 nmol and Thr bradykinin 30 nmol

which were used in the experiments described above did
not consistently produce nociceptive behavioural responses
following subplantar injection in unanaesthetized rats. Only

Žwhen the doses were increased 50 mg of the venom, 50
w 6 x .nmol of bradykinin and Thr bradykinin such behaviour

Žfavouring the uninjected paw, elevating or licking the
.injected paw could be observed. Following the subplantar

injections, nociceptive responses became apparent within
Ž .the first 2 min Fig. 4 . For all three agents, the be-

havioural responses lasted for 15–20 min, frequently inter-
rupted by short phases of normal behaviour. Later than 20
min after the injection no behaviour indicative of nocicep-
tion could be observed. This pattern of behavioural re-
sponses was completely prevented when the rats had been

Ž .pretreated with icatibant 300 nmolrkg, s.c. 20 min prior
to the subplantar injections, i.e., the rats showed normal

Žbehaviour sitting, grooming, or exploring the observation
. Žchamber throughout the observation period of 1 h only

.30 min shown in Fig. 4 .
Ž .Following the subplantar injection of 5-HT 10 nmol

nociceptive behavioural responses developed more slowly,
i.e., within about 5–10 min, and lasted throughout the
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Fig. 4. Nociceptive behavioural responses following subplantar injections
Ž . Ž . Ž . Ž . Ž .of A Vespula Õulgaris venom 50 mg , B bradykinin 50 nmol or C

w 6 x Ž .Thr bradykinin 50 nmol in unanaesthetized rats: The subplantar injec-
Žtions were given under brief nitrous oxide analgesia. Icatibant 300

.nmolrkg was injected s.c. 20 min prior to the injections of the venom or
Žof the kinins; control animals received a 154-mM solution of NaCl 1

.mlrkg instead. The behaviour was rated with scores and mean score
Ž .values were calculated for each 1-min period see methods . Mean

values"S.E.M.; where no S.E.M. is given it was smaller than the
symbol. Significance of difference to vehicle controls: ) P -0.05.; ns
4–6 per group.

Table 3
Effect of the 5-HT receptor antagonist, ondansetron, on nociceptive3

behaviour induced by: subplantar injections of Vespula Õulgaris venom,
bradykinin or 5-HT

Ž .Agonist Pretreatment Time spent in score s

1 2 3

Venom Saline 220"9 4357"45 77"23
Ondansetron 184"46 305"36 86"26

Bradykinin Saline 346"88 500"37 30"12
Ondansetron 266"69 495"42 39"39

5-HT Saline 292"53 36"9 10"6
a b bOndansetron 4"2 8"6 0"0

Data are presented as means"S.E.M.; ns5–6 per group.
Significance of difference from saline controls: aP -0.01, bP -0.05.

observation period of 30 min. The responses consisted
Žmainly of signs of slight mechanical hyperalgesia score

.1 , whereas signs of more severe nociceptive activation
were rare. The 5-HT receptor antagonist, ondansetron3
Ž .300 nmolrkg, s.c. completely abolished these responses,
while those induced by the wasp venom or by bradykinin

Ž .remained completely unaffected Table 3 .

4. Discussion

Out of the number of pharmacologically active factors
that have been described in the literature as components of

Ž .wasp venoms see Section 1 , we were most interested in
the evaluation of the importance of venom kinins for the
effects of the venom both in vitro and in vivo. Although an
analysis of the exact chemical nature of the kinins con-
tained in the venom of Vespula Õulgaris clearly is beyond
the scope of this investigation, the presence of kininlike
material could be verified by bioassay on the guinea-pig
ileum. Due to the different activities of different kinin
peptides on the preparation, the content of kinins in the
venom can only be given as an amount equivalent to those
kinins used as reference peptides in the present investiga-
tion. The content of 1 mg of Vespula Õulgaris venom thus
was found to be equivalent to 3.7 pmol bradykinin or 22.1

w 6 xpmol Thr bradykinin. HPLC analysis of the venom also
Žshowed the additional presence of at least histamine 90

. Ž .nmolrmg and 5-HT 30 nmolrmg .
In order to investigate the development of the acute

inflammatory oedema in response to the venom it was
injected subcutaneously into the plantar skin of the hind
paws of anaesthetized rats. In this setup, increases in
vascular permeability can be induced by kinins, histamine

Žand 5-HT, but also by hyaluronidase Kalbhen and Smalla,
. Ž .1977 and phospholipases Cirino et al., 1989 .

The paw oedema induced by the venom clearly involves
the action of kinins since it is inhibited by the B receptor2

antagonist, icatibant. However, the kinin content of the
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Ž .venom see above seems to be insufficient to explain the
oedema formation. Therefore, a release of kinins from the
tissue itself is conceivable, acting either alone or in addi-
tion to the kinins contained in the venom. In a first
approach, heating of the venom was used to inactivate
enzymes in the venom possibly responsible for kinin re-
lease such as hyaluronidase or phospholipases. Both types

Žof enzymes are heat-labile Knepper et al., 1984; Nair et
.al., 1993 . However, neither boiling for 5 min at 908C nor

heating for 30 min at 708C could reduce the venom-in-
duced paw oedema so that only a heat-insensitive factor in
the venom could induce kinin release if it were present. In
a second approach, pretreatment of the animals with soy-
bean trypsin inhibitor or coinjection of the venom with
aprotinin were used to inhibit kinin release in the tissue.
Both regimens have been reported previously to effectively

Žreduce oedema formation by collagenase Souza-Pinto et
. Žal., 1995 , trimucase II or cardiotoxin Wang and Teng,
.1988, 1989 . However, both treatments were ineffective in

the present investigation so that the exact source of the
kinins responsible for the icatibant-sensitive part of the
paw oedema in response to Vespula Õulgaris venom must
be left open at present.

The observation that the maximum inhibition of the
venom-induced oedema achieved by icatibant was only
about 50% could at first glance lead to the assumption that
the remaining part of the oedema might be due to compo-
nents of the venom other than kinins. However, a similar
limited inhibitory effect of the bradykinin receptor antago-
nist is also seen when pure synthetic bradykinin or
w 6 xThr bradykinin are used to induce the increases in the
vascular permeability of the vasculature in the paw skin.
Since the extent of inhibition caused by pretreatment with
icatibant is identical when the venom or synthetic kinins
are used to induce the oedema, the other components of
the wasp venom are unlikely to be of relevance because in
this case the inhibition caused by the bradykinin receptor
antagonist should have been significantly smaller in case
of the venom as compared to the synthetic kinins. The lack
of full inhibition cannot also be attributed to the chemical
nature of icatibant as a peptide since the maximum inhibi-
tion of the bradykinin-induced oedema is identical when a
new, nonpeptide bradykinin B receptor antagonist,2

ŽŽ . Ž . w wFR173657 E -3- 6-acetamido-3-pyridyl -N- N- 2,4-di-
w Ž . x xchloro -3- 2-methyl-8-quinolinyl oxymethyl phenyl -N-

x .methylaminocarbonylmethyl acrylamide , is used in this
Ž .model Griesbacher and Legat, 1997 . Therefore, the icati-

bant-insensitive part of the venom-induced oedema is likely
to be due to kinin actions which, however, are not due to
bradykinin B receptor activation. The involvement of B2 1

receptors, however, is unlikely, since it has been demon-
strated that this bradykinin receptor subtype is not in-
volved in the increase in vascular permeability in the rat

Žpaw in response to either bradykinin Whalley, 1987;
.Campos and Calixto, 1995; Campos et al., 1996 or other

agents that induce the release of endogenous kinins in the

Ž .rat paw Legat et al., 1994; Decarie et al., 1996 under´
basal conditions.

If the icatibant-resistant part of the oedema cannot be
attributed to any of the accepted bradykinin receptor sub-
types, a nonreceptor-mediated action of the kinins is a
possible explanation. Such a mechanism has long been
suggested for the release of histamine from mast cells in
response to various peptides which, like bradykinin, con-

Žtain basic, especially aromatic, amino acid residues Devil-
.lier et al., 1985; Lawrence et al., 1989 which seem to

induce a noncytotoxic activation of G proteins and second
Ž .messenger mechanisms within the cells see Hall, 1992 .

Nevertheless, pretreatment of the rats with the histamine
H receptor antagonist, mepyramine, was without any1

effect. However, it has been suggested that, in some
species including the rat, histamine may have effects on
the permeability of blood vessels also via H receptors2
Ž .e.g., Ezeamuzie and Umezurike, 1989 . The lack of in-
hibitory effect of cimetidine as determined here thus fi-
nally excludes an involvement of histamine in the
oedema-provoking effects of both the wasp venom and
also from synthetic kinins, at least in the rat paw skin.

In the rat, mast cells also contain significant amounts of
Ž .5-HT Erspamer, 1966 , so that this mediator could serve

as explanation for the icatibant-resistant part of the venom-
or kinin-induced paw oedema even if histamine is ruled
out. Indeed, both ketanserin, an antagonist which is rela-

Žtively selective for 5-HT receptors Brogden and Sorkin,2
.1990 , and methysergide, a mixed 5-HT r5-HT receptor1 2

Ž .antagonist Zifa and Fillion, 1992 , almost completely
abolished venom-and kinin-induced plasma protein ex-
travasation in icatibant-pretreated animals. Care has to be
taken to exclude possible unspecific side effects of both
antagonists. Both antagonists have pronounced effects on
systemic blood pressure, which may be either a direct
effect on vascular 5-HT receptors or, in the case of ke-
tanserin, also an unspecific inhibitory effect at a-receptors
Ž .Brogden and Sorkin, 1990 . Since methysergide did not
affect the histamine-induced paw oedema and reduction of
systemic blood pressure by phentolamine also did not
change the effects of bradykinin, the present results can
confidently be interpreted as evidence for the involvement
of 5-HT release.

In order to elucidate the source of the 5-HT apparently
released from the tissue, a pretreatment with compound
48r80 was carried out. Compound 48r80 releases both

Žhistamine and 5-HT from mast cells Thon and Uvnas,¨
.1967; Carlsson and Ritzen, 1969 but apparently has no´

Ž .actions on platelets Humphrey and Jaques, 1955 which
also contain high amounts of 5-HT. The inhibitory effect
of compound 48r80 both in normal rats or in rats that
were treated with icatibant on the day of the test with the
wasp venom or bradykinin confirms that skin mast cells
are the most likely source for the 5-HT. In addition the
additivity of the effects of compound 48r80 and icatibant
further strengthen the view that the release is not mediated
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by bradykinin receptors. Whether or not components of the
venom other than kinins contribute to the 5-HT release
cannot be answered definitely by the present experiments.

Ž .At least phospholipase A Cirino et al., 1989 and
Ž .mastoparan Nakajima et al., 1985 are known to lead to

mast cell degranulation. However, if these factors con-
tributed significantly to the observed effect of the venom,
the inhibitory effect of bradykinin receptor blockade with
icatibant should be markedly smaller with the venom as
compared to the synthetic kinins. Since this is not the case,
we conclude that the release of 5-HT is due to a nonrecep-
tor-mediated action of the venom kinins rather than of the
other components of the venom. The finding that antihis-
taminics have no effect while 5-HT receptor antagonists
are effective is not an argument against the involvement of
mast cells, because despite the likelihood of a release of
both amines 5-HT is 30–200 times more potent than
histamine in producing oedema when applied subcuta-

Ž .neously Rowley and Benditt, 1956 .
A contribution of primary afferent, capsaicin-sensitive

neurones in the mediation of increased vascular permeabil-
ity have not only been reported for synthetic bradykinin
Ž .Arvier et al., 1977 but also for agents that release kinins

Ž .from the tissue such as collagenase Legat et al., 1994 . In
the present investigation a similar mechanism could be
demonstrated for the action of the wasp venom. However,
as for bradykinin itself, the involvement of afferent neu-
rones seems to be limited to the very early stages of
oedema formation. At time points later than 20 min after
subplantar injection this mechanism could not be con-
firmed both for the venom and for synthetic bradykinin.

In contrast to the limited inhibitory action of icatibant
on the oedema formation, the bradykinin receptor antago-
nist completely abolished the nociceptive behavioural ef-
fects of the wasp venom. Therefore, this effect of the
venom is exclusively due to B receptor activation whereas2

other components of the venom or nonreceptor-mediated
actions of the venom kinins are unlikely to be the cause.
However, 5-HT release by any of the components of the
venom still could augment the nociceptive effects of the
venom kinins since 5-HT has sensitizing properties on

Ž .afferent neurones Hong and Abbott, 1994 . The effects of
5-HT on afferent neurones should be sensitive to inhibition
by 5-HT receptor antagonists. Indeed, collagenase-in-3

duced nociceptive responses which are due to endogenous
Ž .release of kinins from the tissue Legat et al., 1994 were

Žreported to be largely suppressed by ondansetron Damas
.et al., 1997 . Nevertheless, since ondansetron could not

modify the behavioural responses to the venom an involve-
ment of 5-HT can be ruled out for this symptom of the
wasp venom.

The present results show that kinins, either contained in
the venom from the wasp Vespula Õulgaris or released
from the tissue, are responsible for both the acute inflam-
matory and the nociceptive symptoms following s.c. ad-
ministration in the rat. In contrast, the other components of

the venom do not seem to play a significant role in the
acute effects of the venom. The inflammatory vascular

Ž .effects of the whole venom comprise a B receptor-medi-2

ated action on the cutaneous blood vessels and possibly
also involving a neurogenic component mediated by pri-
mary afferent neurones, as well as a nonreceptor-mediated
release of 5-HT from skin mast cells. The pain-related
effects of the venom are solely due to direct B receptor2

activation. Bradykinin receptor antagonists such as icati-
bant may thus offer a possibility to alleviate pain following
wasp stings.
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