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Abstract

The generation of hyperalgesia by Phoneutria nigriventer venom was investigated in rats using the paw pressure test, through the
intraplantar injection of the venom. Hyperalgesia was significantly inhibited by N-[2-(4-chlorophenyl) ethyl]-1,3,4,5-tetrahydro-7,8-
dihydroxy-2H-2-benzazepine-2-carbothioamide (capsazepine), a vanilloid receptor antagonist, by the local administration of pGlu-Ala-Asp-
Pro-Asn-Lys-Phe-Tyr-Pro (spiro-y-lactam) Leu-Trp-NH, (GR82334) or of Phenyl-CO-Ala-Ala-p-Trp-Phe-bD-Pro-Pro-Nle-NH, (GR94800),
inhibitors of tachykinin NK; and NK, receptors, respectively, or by the local injection of dizocilpine (MK 801), (& )-2-amino-5-
phosphonopentanoic acid (( £ )-AP-5), or 6-cyano-7-nitroquinoxaline-2,3-dione (CNQX), antagonists of NMDA and non-NMDA excitatory
amino acid receptors. The correlation between hyperalgesia and the inflammatory response induced by the venom was also investigated. The
venom-induced edematogenic response was not modified by the pharmacological treatments. These results suggest that hyperalgesia induced
by P. nigriventer venom is mediated by stimulation of capsaicin-sensitive neurons, with activation of peripheral tachykinin NK; and NK,
receptors and of both the NMDA and AMPA receptors. Distinct mechanisms are involved in the development of hyperalgesia and edema

induced by the venom.
© 2003 Elsevier Science B.V. All rights reserved.
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1. Introduction

The Phoneutria nigriventer spider represents the most
important cause of arachnid envenomization in Brazil (Min-
istério da Satde, 1998). The main local clinical manifes-
tation of such envenomization is intense pain that may be
followed by local swelling and erythema (Bucharetchi,
1992). The inflammatory response has usually been studied
in rats and rabbits. The skin edema formation in rabbits is
independent of the histamine and 5-hidroxytryptamine (5-
HT, serotonin) components of the venom and is at least
partially mediated by the tissue kallikrein—kinin system
(Marangoni et al., 1993). In rats, the venom acts as a potent
stimulant of capsaicin-sensitive sensory neurons (Costa et
al., 1997), resulting in the local release of substance P and
activation of tachykinin NK; receptors as well as activation
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of mast cells and release of biogenic amines (Palframan et
al., 1996; Costa et al., 2001) that act on post-capillary
venules eliciting plasma extravasation and edema formation
(Palframan et al., 1996; Costa et al., 2001). Despite the clear
involvement of neurogenic mechanisms in the inflammatory
response induced by P. nigriventer venom, no information is
available concerning the contribution of these mechanisms
to the algogenic activity of this venom.

It was properly demonstrated that tachykinins and exci-
tatory amino acids comprised the main neurotransmitters in
pain transmission (reviewed in Yaksh, 1999); additionally
to their central action, these neurotransmitters influence
nociception in the periphery (Carlton et al., 1995, 1996,
1998; Heppelmann and Pawlak, 1997; Kessler et al., 1992;
Davidson et al., 1997; Prioleau et al., 1996). Tachykinins
are released from both central and peripheral endings of
primary afferent capsaicin-sensitive neurons (Otsuka and
Yoshioka, 1993; Holzer, 1988) and, when delivered from
peripheral endings of primary sensory neurons, induce
neurogenic inflammation (Holzer, 1998). This local
response may contribute to the generation of pain. Fur-
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thermore, peripheral application of substance P sensitizes
afferent neurons, causing painful states. The effect of
substance P on these cells involves the activation of
tachykinin NK receptors, localized on peripheral terminals
of unmyelinated axons (Carlton et al., 1996; Heppelmann
and Pawlak, 1997). Concerning the peripheral algogenic
effect of excitatory amino acids, experimental findings have
demonstrated that glutamate, through an action on NMDA
and non-NMDA receptors, acts as mediator of inflamma-
tory or thermal hyperalgesia (Davidson et al., 1997; Jack-
son et al., 1995). The possibility of a peripheral action of
glutamate on unmyelinated sensory axons was also sup-
ported by the demonstration that these sensory fibers
immunostain for NMDA, AMPA or kainate receptors
(Carlton et al., 1995; Coggeshall and Carlton, 1998).
Several lines of evidence indicate that, in the case of C
fibers, glutamate coexists with substance P (De Biasi and
Rustioni, 1988). These neurotransmitters interact synergisti-
cally for the pain frame (Rusin et al., 1993; Liu et al., 1997;
Dougherty et al., 1993; Dougherty and Willis, 1991; Ma
and Woolf, 1995; Carlton et al., 1998); this synergism
being important for the generation of central sensitization
(Dougherty et al., 1993; Ma and Woolf, 1995). Recently,
Carlton et al. (1998) showed a similar interaction among
glutamate and substance P in the periphery, suggesting that
primary afferent neurons may be under the same control as
are the neurons in the dorsal horn.

In the light of these observations, the aim of the present
study was to investigate: (a) the hyperalgesic response
induced by P. nigriventer spider venom; (b) the contribution
of capsaicin-sensitive neurons to this phenomenon; (c) the
involvement of peripheral tachykinin NK; and NK, recep-
tors and peripheral NMDA and AMPA glutamate receptors
in the hyperalgesic manifestation and (d) the possible
correlation between hyperalgesia and edematogenic
response induced by the venom.

2. Materials and methods
2.1. Venom

Lyophilized crude venom of P. nigriventer was supplied
by Laboratorio de Artropodes, Instituto Butantan (Sdo
Paulo, Brazil), collected by electrical stimulation. Samples
were kept at — 20 °C until use.

2.2. Animals

Male Wistar rats, weighing between 170 and 180 g, were
used. All procedures were in accordance with the guidelines
for the ethical use of conscious animals in pain research
published by the International Association for the Study of
Pain (Zimmermann, 1983). The practices were approved by
the Institutional Animal Care Committee at the Instituto
Butantan (CEUAIB, Protocol Number 022/2000).

2.3. Evaluation of hyperalgesia

The rats were subcutaneously injected with either 0.1
ml of sterile 0.15 M NaCl solution—control group—or 0.1
ml of saline solution containing the appropriate concen-
trations of P. nigriventer venom into the plantar surface of
one hind paw. The contralateral paw was not injected. The
pain threshold was measured at different times after
venom or saline injection using an Ugo-Basile pressure
apparatus as described by Randall and Selitto (1957).
Briefly, a force (in g) of increasing magnitude was applied
to the paw and when the animals reacted by withdrawing
the paw, the force needed to induce such response was
recorded and represented the pain threshold. To reduce
stress, rats were habituated to the apparatus 1 day before
the experiments.

2.4. Evaluation of edema formation

Venom samples were dissolved in sterile 0.15 M NaCl
solution and 0.1 ml of the final preparation was injected into
the subplantar surface of one hind footpad. An equal volume
of saline was injected into the control contralateral paw. The
volume increase of paws (edema) was measured plethysmo-
graphically at several intervals following injection accord-
ing to the method of Van Arman et al. (1996). The results
were calculated as the difference between the values
obtained in both paws and expressed as the percentage of
the increased volume.

2.5. Drugs treatments

In order to assess the involvement of capsaicin-sensitive
neurons in the algogenic effect, the rats were treated with
the vanilloid receptor antagonist, N-[2-(4-chlorophenyl)
ethyl]-1,3,4,5-tetrahydro-7,8-dihydroxy-2 H-2-benzazepine-
2-carbothioamide (capsazepine, 120 pmol kg~ ', i.v.), 15
min before venom injection. For i.v. treatment, unanesthe-
tized animals received a single injection of the antagonist in
the tail vein. To investigate the participation of peripheral
tackykinin receptors, the tachykinin NK; receptor antago-
nist, pGlu-Ala-Asp-Pro-Asn-Lys-Phe-Tyr-Pro(spiro-vy-lac-
tam)Leu-Trp-NH, (GR82334) or tachykinin NK, receptor
antagonist, Phenyl-CO-Ala-Ala-p-Trp-Phe-p-Pro-Pro-Nle-
NH, (GR94800) (10 umol/paw) was administered 15 min
before the intraplantar venom injection. To examine the
involvement of peripheral excitatory amino acid receptors,
dizocilpine (MK 801,100 pmol/paw) or (%)-2-amino-5-
phosphonopentanoic acid (( & )-AP-5, 40 pmol/paw), a
noncompetitive and a competitive NMDA receptor antago-
nist, respectively, or 6-cyano-7-nitroquinoxaline-2,3-dione
(CNQZX, 100 nmol/paw), an AMPA receptor antagonist, was
injected simultaneously with venom. None of the drugs used
altered, per se, the pain threshold of the animals. The doses
of the drugs used were based on earlier data (O’Shaugh-
nessy and Connor, 1994; Guo et al., 1995; Jackson et al.,



E.M. Zanchet, Y. Cury / European Journal of Pharmacology 467 (2003) 111-118 113

—=a—0,01 ug/paw|
—e—0,1 ug/paw
—a—1 pg/paw
1001 —v—3 ug/paw
—e—10 ug/paw
80 —+—Saline
279
ke)
2 60
[%]
o
<
* 40+
£
©
o
204
0 T T T T T
0 1 2 4 6 24
Time after treatment (h)
B1 00+
3
® 804
€
% —=—0,01 pg/paw
> 60 —e—0,1 ug/paw
% —a—1 ug/paw
Q % —v— 3 ug/paw
£ 404 —e—10 pg/paw
- =
©
O 20 .y
o
s i\i
0+ T T T T +
0 1 2 4 6 24

Time after treatment (h)

Fig. 1. Comparison of hyperalgesia effect and edema-inducing activity of P,
nigriventer venom in rat hind paws. Decrease in pain threshold (A) and
increase in paw volume (B) were determined before and at different times
after the intraplantar injection of saline in the control group, or of crude
venom, dose varying from 0.01 to 10 pg/paw. Sensitivity to pain was
measured as the threshold response to pressure and expressed as g. Edema
is taken as a percentage increase in volume in relation to the initial paw
volume. Each point represents the mean £ S.E.M. for six animals.
*Significantly different from mean values before venom injection
(P<0.05).

1995; Costa et al., 2000). However, to assure the efficacy of
the pharmacological interventions used, the agonists of
tachykinin NK;, H,N-(CH,)4-CO-Phe-Phe-Pro-NmeLeu-
Met-NH, (GR73632, 1 nmol/paw) and of NK,, Lys-Asp-
Ser-Phe-Val-Gly-R-v-lactam-Leu-Met-NH, (GR64349, 100
nmol/paw) receptors, as well as glutamate (30 nmol/paw), or
capsaicin (50 pg/paw, diluted in 1:1:8 of ethanol, DMSO
and saline, respectively), injected by the i.pl. route, were
used as positive controls.

2.6. Drugs

Capsaicin, capsazepine, GR73632, GR64349, GR82334,
GR94800, MK 801, (+)-AP-5, CNQX and r-glutamic acid
were purchased from Sigma (USA).

2.7. Statistics

Statistical evaluation of the data was carried out by
analysis of variance and sequential differences between
means according to Tukey contrast analysis at P<0.05
(Gad and Weil, 1989).

3. Results

3.1. Hyperalgesia and edema induced by P. nigriventer
venom

The intraplantar injection of P. nigriventer venom, doses
varying from 0.01 to 10 pg/paw/100 pl into the rat hind
paw, evoked a significant decrease in pain threshold (Fig.
1A). The peak of the hyperalgesic response for 0.01 pg
occurred 2 h and, for the other doses, 4 h after venom
injection. Thereafter, hyperalgesia decreased and disap-
peared within 24 h. Except with the dose of 0.01 pg/paw,
the maximum responses induced by the distinct venom
doses were not statistically different from each other. The
1 pg/paw administration was chosen for the subsequent
studies since it reduced the pain threshold by 50%. No effect
was found in the control/saline injected rats. The same doses
of P. nigriventer venom induced a dose and time-dependent
edema. The maximum increase in the hind-paw swelling
occurred 2 h after venom injection, decreasing and disap-
pearing within 24 h (Fig. 1B). The maximum edematogenic
response observed for the 1 pg/paw dose was 26%.

3.2. Effects of pharmacological treatments on P. nigriventer
venom-induced hyperalgesia and edema

3.2.1. Capsazepine effect

Pre-treatment of the animals with the vanilloid receptor
antagonist, capsazepine, significantly reduced the hyperalge-
sic response induced by the venom (Fig. 2). On the contrary,
the edematogenic reaction was not altered (Table 1).

3.2.2. Effects of tackykinin receptor antagonists

P nigriventer venom-induced hyperalgesia was signifi-
cantly inhibited by the intraplantar injection of both the
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Fig. 2. Effect of capsazepine on hyperalgesia induced by P. nigriventer
venom in rat hind paws. Capsazepine (Capz, 120 umol kg~ ', i.v.) or saline
(Sal, control group) was injected 15 min before venom (ven, 1 pg/paw).
Decrease in pain threshold was determined in rat hind paw before and at
different times after injection of the venom. Sensitivity to pain was
measured as the threshold response to pressure and expressed as g. Each
point represents the mean + S.E.M. for six animals. *Significantly different
from mean values before venom injection, **significantly different from
mean values for Sal+ven group (P <0.05).
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Table 1
Effect of vanilloid, tackykinin or excitatory amino acid receptor antagonists
on edema induced by P. nigriventer venom

Treatment Increase in paw volume (%)
Saline + venom 27+£24
Capsazepine + venom 27+1.8
GR 82334 (i.pl.) + venom 33+4.6
GR 82334 (i.v.)+venom 20+2.7
GR 94800 (i.pl.) + venom 30+ 3.6
GR 94800 (i.v.)+venom 20+39
MK 801 +venom 20£3.9
APS5 +venom 29 +28
CNQX +venom 26 £4.8

Capsazepine (120 pmol kg~ ', i.v.), GR82334 and GR94800 (10 pmol/paw
or 0.02 mg kg~ ', i.v.) were injected 15 min before the venom. MK801 (100
pmol/paw), AP5 (40 pmol/paw) and CNQX (100 nmol/paw) were injected
concomitantly with the venom. Data represent the values obtained 2 h after
venom (1 pg/paw) injection. Edema is expressed as percentage increase in
volume in relation to the initial volume of the paw. Each point represents
the mean + S.E.M. for six animals.

tachykinin NK; (GR 82334) or NK, (GR 94800) receptor
antagonists; this inhibition being greater for the tachykinin
NK, receptor antagonist (Fig. 3A). However, it must be
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Fig. 3. Effect of GR82334 and GR94800 on hyperalgesia induced by P.
nigriventer venom in rat hind paws. GR82334 or GR94800, 10 umol/paw
(A) or 0.02 mg/kg, i.v. (B) and saline (Sal, i.pl. or i.v., control group) were
injected 15 min before venom (ven, 1 pg/paw). Decrease in pain threshold
was determined in rat hind paw before and at different times after venom
injection. Sensitivity to pain was measured as the threshold response to
pressure and expressed as g. Each point represents the mean + S.E.M. for
six animals. *Significantly different from mean values before venom
injection, **significantly different from mean values for Sal+ven group
(P<0.05).

stressed that the intraplantar injection of GR 82334 caused
per se a significant edematogenic response as compared to
GR 94800 (data not showed). Based on these observations,
both tackykinin receptor antagonists were administered by
the intravenous route at 0.02 mg kg~ ', 15 min before the
intraplantar injection of the venom. For this experiment,
unanesthetized animals received a single injection of the
antagonists in the tail vein.

The tachykinin NK; receptor antagonist abolished the
hyperalgesia until the second hour after the venom admin-
istration (Fig. 3B), whereas GR 94800 partially reduced this
phenomenon (Fig. 3B). The edematogenic response was not
altered by these treatments (Table 1).

3.2.3. Inhibition of hyperalgesia by excitatory amino acid
receptor antagonists

The MK801 noncompetitive NMDA receptor antagonist
partially inhibited, whereas the AP5 competitive NMDA
antagonist abolished, hyperalgesia induced by P. nigriventer
venom (Fig. 4A,B). The AMPA receptor antagonist, CNQX,
reduced this response (Fig. 5). These same treatments did
not cause significant changes in the edema induced by the
venom (Table 1).
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Fig. 4. Effect of MK801 (A) and AP5 (B) on hyperalgesia induced by P,
nigriventer venom in rat hind paws. MK801 (100 pmol/paw), AP5 (40
pmol/paw) or saline (Sal, control group) were administered concomitantly
with the venom (ven, 1 pg/paw). Decrease in pain threshold was determined
in rat hind paw before and at different times after venom injection.
Sensitivity to pain was measured as the threshold response to pressure and
expressed as g. Each point represents the mean = S.E.M. for six animals.
*Significantly different from mean values before venom injection,
**significantly different from mean values for Sal+ven group (P <0.05).
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Fig. 5. Effect of CNQX on hyperalgesia induced by P. nigriventer venom in
rat hind paws. CNQX (100 nmol/paw) or saline (Sal, control group) were
injected simultaneously with the venom (ven, 1 pg/paw). Decrease in pain
threshold was determined in rat hind paw before and at different times after
the injection of the venom. Sensitivity to pain was measured as the
threshold response to pressure and expressed as g. Each point represents the
mean + S.E.M. for six animals. *Significantly different from mean values
before venom injection, **significantly different from mean values for
Sal+ven group (P <0.05).
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Fig. 6. Cooperative inhibitory action of tachykinin and glutamate receptor
antagonists on hyperalgesia induced by P. nigriventer venom in rat hind
paws. The animals were co-treated with GR82334 (A, B) and MK801 (A)
or CNQX (B). GR82334 (10 pmol/paw) or saline (Sal, control group) were
injected 15 min before venom (ven, 1 pg/paw). MK801 (100 pmol/paw),
CNQX (100 nmol/paw) or saline were injected simultaneously with the
venom. Decrease in pain threshold was determined in rat hind paw before
and at different times after the injection of the venom. Sensitivity to pain
was measured as the threshold response to pressure and expressed as g.
Each point represents the mean + S.E.M. for six animals. *Significantly
different from mean values before venom injection (£ <0.05).

3.2.4. Cooperative action of tachykinin and glutamate
receptor antagonists

In order to evaluate a possible cooperative action of
tachykinin and glutamate receptor antagonists, the animals
were treated with both tachykinin and glutamate receptor
antagonists. The co-treatment with GR 82334 and MK&801
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Fig. 7. Effect of vanilloid, tackykinin and excitatory amino acid receptor
antagonists on hyperalgesia induced by capsaicin, tachykinin NK; or NK,
receptors agonists and glutamate. Capsazepine (Capz, 120 pmol kg~ ', i.v.)
was injected 15 min before the intraplantar injection of capsaicin (50 pg/
paw) (A), GR73632 (10 nmol/paw) or GR64349 (10 nmol/paw) (B), or
glutamate (30 nmol/paw) (C). GR82334 or GR94800 (10 pmol, i.pl.) was
injected 15 min before GR73632 (10 nmol/paw) or GR64349 (10 nmol/
paw), respectively (B). MK801 (100 pmol/paw), AP5 (40 pmol/paw) or
CNQX (100 nmol/paw) was injected concomitantly with glutamate (30
nmol/paw) (C). Sensitivity to pain was measured as the threshold response
to pressure and expressed as g. Data represent decrease in pain threshold 30
min after capsaicin injection (A), 2 h after injection of tachykinin NK; or
NK, receptor agonists (B) or 1 h after glutamate injection (C). Each point
represents the mean + S.E.M. for six animals. *Significantly different from
mean values for Caps (A), GR73632 or GR64349 (B) or GLU (C) group
(P<0.05).
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abolished the nociceptive effect induced by P. nigriventer
venom (Fig. 6A). The same effect was observed when the
tachykinin receptor antagonist was co-administered with
CNQX (Fig. 6B).

3.2.5. Pharmacological treatment effects on hyperalgesia
induced by capsaicin, tachykinin receptor agonists or
glutamate

The intraplantar injection of capsaicin caused hyperalge-
sia that peaked 30 min after injection, decreasing thereafter.
This hyperalgesic response was inhibited by the capsazepine
pretreatment (Fig. 7A). The injection of tachykinin NK;
(GR73632) or NK, (GR64349) receptor agonists into the rat
footpad induced a maximal hyperalgesia 2 h after the
agonists’ administration. This nociceptive effect was abol-
ished by the respective tachykinin NK; or NK, receptor
antagonist, but was not modified by the noncorresponding
antagonist (Fig. 7B). Furthermore, capsazepine did not
modify the nociceptive response induced by tachykinin
receptor agonists (Fig. 7B).

The intraplantar injection of glutamate elicited a signifi-
cant decrease in pain threshold, and the maximum hyper-
algesic response was observed 1 h after administration. This
phenomenon was inhibited by the NMDA or non-NMDA
receptor antagonists (Fig. 7C). On the other hand, gluta-
mate-induced hyperalgesia was not modified by capsazepine
(Fig. 70).

4. Discussion

The results presented herein demonstrate that the intra-
plantar injection of P. migriventer spider venom causes
significant local hyperalgesia and edema in the rat hind paw.

The contribution of the activity of capsaicin-sensitive
sensory neurons and the role of neurotransmitters released
from the peripheral endings of sensory neurons in P.
nigriventer venom-induced hyperalgesia were analyzed
using specific antagonists of vanilloid or of tackykinin and
excitatory amino acid receptors. The results obtained sup-
port the evidence that the quantities of antagonists used
were adequate to block the nociceptive effect of the venom,
since these doses are active against hyperalgesia induced by
the corresponding receptor agonists.

Activation of vanilloid receptors contributes to the evo-
lution of hyperalgesia induced by P. nigriventer venom,
since capsazepine, an antagonist of the vanilloid receptor
(Caterina et al., 1997) reduced this phenomenon. These data
suggest that the nociceptive effect of the venom involves
sensory C-fiber-mediated mechanisms. Vanilloid receptors
of type 1 (VR1) are expressed by sensory neurons and is
sensitive to heat and protons at body temperature (Bevan
and Geppetti, 1994; Caterina et al., 1997; Szallasi and
Blumberg, 1999, for review). The mechanisms involved in
the activation of capsaicin-sensitive receptors by P. nig-
riventer venom are still undetermined. It seems clear, how-

ever, that the eventual contribution of the solution acidity of
the venom preparation to the activation of these receptors
can be ruled out, since the pH of the solution injected into
the hind paw of the animals was 6.2.

In addition, these results provide evidence that peripheral
tachykinin receptors mediate the algogenic effect of P
nigriventer venom. This suggestion relies on the fact that
the intraplantar injection of antagonists of tachykinin NK;
or NK, receptors reduced the nociceptive effect of the
venom. Based on the observation that the tachykinin NK;
receptor antagonist itself caused an edematogenic response,
the antagonists were also administered by the i.v. route,
and inhibition of venom-induced hyperalgesia was also
observed. However, a central action of the antagonists must
also be considered for the drugs given i.v. The results
indicate that activation of both peripheral tachykinin NK;
and NK, receptors is an important mechanism concerning
the P. nigriventer venom-induced hyperalgesia. The tachy-
kinin receptors are expressed in many kinds of cells and
tissues, including peripheral unmyelinated sensory afferents
(Carlton et al., 1996). Moreover, the expression of these
receptors is increased during inflammation (Hokfelt, 1991).
The tachykinin NK; receptor exhibits a preference for
substance P and the tachykinin NK, receptor for neurokinin
A; however, these tackykinins are not highly selective for
any given receptor (Regoli et al., 1994). The present results
are in accordance with data showing that activation of
peripheral tachykinin NK; receptors, e.g., following local
injection of substance P in rat glabrous skin, results in
hyperalgesia (Carlton et al., 1996). Based on these data
and the observation that P. nigriventer venom does not
contain a tachykinin receptor agonist (Costa et al., 1997),
it can be suggested that venom-induced hyperalgesia results,
at least partially, from stimulation of capsaicin-sensitive
neurons and peripheral release of tackykinins.

The present results also suggest that peripheral excitatory
amino acid receptors are involved in the algogenic effect of
P nigriventer venom, since the intraplantar injection of
NMDA or AMPA receptor antagonists inhibited hyperalge-
sia. Several lines of evidence indicate that, peripherally,
both NMDA and non-NMDA glutamate receptors contrib-
ute to nociceptive behavior during an inflammatory process
(Prioleau et al., 1996; Davidson et al., 1997; Lawand et al.,
1997; Davidson and Carlton, 1998). The present demon-
stration that the venom stimulates capsaicin-sensitive neu-
rons together with data showing that, in these neurons,
glutamate and substance P coexist, being released by the
same stimulus (De Biasi and Rustioni, 1988; Carlton et al.,
1998), indicates that P. nigriventer venom, by stimulation of
capsaicin-sensitive neurons, evokes the peripheral liberation
of tachykinins and glutamate. The concomitant release of
tachykinins and glutamate could also increase the algogenic
activity of the venom, corroborating the idea that, in primary
afferent neurons, through an action on tachykinin NK;
receptors, substance P enhances the algogenic activity of
glutamate (Carlton et al., 1998). The possibility of a
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cooperative action of tachykinin and glutamate receptors on
venom-induced hyperalgesia was supported by the demon-
stration that co-treatment with tachykinin and glutamate
receptor antagonists further reduced the nociceptive effect
of the venom as compared to the inhibition observed with
either antagonist alone.

It must be pointed out that P. nigriventer spider venom
contains histamine and serotonin (Schenberg and Pereira-
lima, 1971), which could interfere with sensory neuron
activities and therefore contribute to the algogenic venom
effect. The involvement of other inflammatory mediators,
including biogenic amines, in the genesis of hyperalgesia by
the venom is under investigation. Furthermore, in addition
to biogenic amines, P. nigriventer venom contains neuro-
toxins with molecular weights ranging from 6000 to 9000
(Rezende et al., 1991), which might be affecting the activity
of neurons. Regarding this, experimental studies have
shown that the intraneural injection of P. nigriventer venom
promotes repetitive firing of myelinated nerve fibers. This
alteration is associated with transient swelling of axons at
nodes of Ranvier, vacuole formation and modifications of
the myelin sheath, due to delay in the inactivation of sodium
current at the node of Ranvier (Cruz-Hoéfling et al., 1985;
Love and Cruz-Héfling, 1986; Love et al., 1996).

The pharmacological modulation of edema was also
investigated in the present study in order to further evaluate
a possible correlation between this phenomenon and the
hyperalgesic response. None of the treatments modified the
edematogenic response induced by the venom. Costa et al.
(2000, 2001) showed that plasma extravasation in rat skin
and rat paw edema induced by P. nigriventer venom results
from stimulation of capsaicin-sensitive neurons. The doses
(10 or 100 pg, respectively) of venom employed in those
studies and the administration of venom dialysed, in order to
remove histamine, serotonin, and neurotoxin contents,
might contribute to the discrepancies observed between
results. Based on our results with the 1 pug/paw dose, it
can be suggested that distinct mechanisms are involved in
the development of hyperalgesia and edema induced by the
spider venom.

In conclusion, the hyperalgesia induced by P. nigriventer
venom in the rat footpad model is mediated, at least
partially, by stimulation of capsaicin-sensitive neurons and
activation of peripheral tachykinin NK; and NK, receptors
and NMDA and AMPA receptors. To our knowledge, this is
the first experimental study of the mechanisms involved in
the algogenic property of P. nigriventer spider venom and it
may contribute to the understanding of the pathophysiology
and the control of pain observed in human envenomization.
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