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Effect of Tityus serrulatus scorpion venom on the rabbit isolated
corpus cavernosum and the involvement of NANC nitrergic nerve
fibres
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1 The effect of Tityus serrulatus scorpion venom and its toxin components on the rabbit isolated corpus
cavernosum was investigated by use of a bioassay cascade.

2 Tityus serrulatus venom (3—100 ug), acetylcholine (ACh; 0.3—30 nmol) and glyceryl trinitrate (GTN;
0.5—10 nmol) dose-dependently relaxed rabbit isolated corpus cavernosum preparations precontracted
with noradrenaline (3 uM). The selective soluble guanylate cyclase inhibitor 1H-[1,2,4] oxadiazolo [4,3,-
alquinoxalin-1-one] (ODQ; 30 uM) increased the basal tone of the rabbit isolated corpus cavernosum and
abolished the relaxations induced by the agents mentioned above. Methylene blue (30 uM) also inhibited
the relaxations induced by Tityus serrulatus venom but, in contrast to ODQ, the inhibition was
irreversible.

3 The non-selective NO synthase (NOS) inhibitors N®-nitro-L-arginine methyl ester (L-NAME; 10 um)
and NC-iminoethyl-L-ornithine (L-NIO; 30 uM) also increased the tone of the rabbit isolated corpus
cavernosum and markedly reduced both ACh- and Tityus serrulatus venom-induced relaxations without
affecting those evoked by GTN. The inhibitory effect was reversed by infusion of L-arginine (300 um),
but not D-arginine (300 uM). The neuronal NOS inhibitor 1-(2-trifluoromethylphenyl) imidazole (TRIM,
100 uM) did not affect either the tone of the rabbit isolated corpus cavernosum or the relaxations
induced by ACh, bradykinin (Bk), Tityus serrulatus venom and GTN. TRIM was approximately 1,000
times less potent than L-NAME in inhibiting rabbit cerebellar NOS in vitro, as measured by the
conversion of [*H]-L-arginine to [*H]-L-citrulline.

4 The protease inhibitor aprotinin (Trasylol; 10 ug ml~') and the bradykinin B, receptor antagonist
Hoe 140 (D-Arg-[Hyp?,Thi’>D-Tic’, Oic®]-BK; 50 nM) did not affect the rabbit isolated corpus
cavernosum relaxations induced by Tityus serrulatus venom. The ATP-dependent K* channel antagonist
glibenclamide (10 uM) and the Ca®*-activated K* channel antagonists apamin (0.1 uM) and
charybdotoxin (0.1 um) also failed to affect the venom-induced relaxations. Similarly, the K" channel
blocker tetraethylammonium (TEA; 10 uM) had no effect on the venom-induced relaxations.

5 Capsaicin (3 and 10 nmol) relaxed the rabbit isolated corpus cavernosum in a dose-dependent and
non-tachyphylactic manner. Ruthenium red (30 uM), an inhibitor of capsaicin-induced responses,
markedly reduced the relaxations caused by capsaicin, but failed to affect those induced by Tityus
serrulatus venom. L-NAME (10 uM) had no effect on the capsaicin-induced relaxations of the rabbit
isolated corpus cavernosum.

6 The sodium channel blocker tetrodotoxin (TTX; 1 uM) abolished the relaxations of the rabbit
isolated corpus cavernosum induced by Tityus serrulatus venom without affecting those evoked by
capsaicin, ACh and GTN. Tetrodotoxin (1 um) also promptly reversed the response to the venom when
infused during the relaxation phase.

7 The bioassay cascade of the toxin components purified from Tityus serrulatus venom revealed that
only fractions X, XI and XII caused dose-dependent relaxations of the rabbit isolated corpus
cavernosum and these were markedly reduced by either TTX (1 uM) or L-NAME (10 um).

8 Our results indicate that Tityus serrulatus scorpion venom (and the active fractions X, XI and XII)
relaxes rabbit corpus cavernosum via the release of NO. This release is specifically triggered by the
activation of capsaicin-insensitive cavernosal non-adrenergic non-cholinergic (NANC) fibres, that may
possibly be nitrergic neurones. Tityus serrulatus venom may therefore provide an important tool for
understanding further the mechanism of NANC nitrergic nerve activation.
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Introduction

Scorpion toxins have been extensively used to study the al., 1991; Rogowski et al., 1994; Vatanpour & Harvey, 1995)
activation of both Na™ (Barhanin er al., 1982; Nagy, 1988; channels. Tityus serrulatus is the most dangerous scorpion of
Yatani ef al., 1988; Kirsch er al., 1989) and K* (Blaustein et the subfamily Tityinae because of the high toxicity of its venom
and its widespread distribution in populous urban centres of
southeastern Brazil (Bucherl & Diniz, 1978). The most
3 Author for correspondence. important symptoms of the human envenomation by Tityus
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serrulatus are intense local pain and an immediate local
burning sensation which may last from a few minutes to
several hours. These symptoms may be accompanied by
autonomic dysfunctions (mydriasis, salivation, sphincter
relaxation) and cardiovascular disorders characterized by
short-lived hypotension followed by a prolonged increase in
blood pressure, arrhythmia and bradycardia (Corrado et al.,
1974). Tityus serrulatus venom is known to act on nerve
endings to stimulate the release of either acetylcholine (Gomez
et al., 1973; Oliveira et al., 1989; Vatanpour & Harvey, 1995)
or catecholamines (Corrado et al., 1974; Moss et al., 1974,
Langer et al., 1975) from different organs and tissues.
Interestingly, the venom of the African scorpion Leiurus
quinquestriatus quinquestriatus relaxes the rat isolated anococ-
cygeus muscle via nitric oxide (NO) release, possibly due to
persistent depolarization of peripheral non-adrenergic non-
cholinergic (NANC) nerves (Gwee et al., 1995). Since NANC
nerve stimulation causes corpus cavernosum relaxation
(Ignarro et al., 1990), we have investigated the effects of
Tityus serrulatus scorpion venom on the rabbit isolated corpus
cavernosum.

Methods
Rabbit corpus cavernosum preparation

Male New Zealand white rabbits (1.5-2.5 kg, provided by
CEMIB-UNICAMP) were anaesthetized with pentobarbitone
sodium (Sagatal, 30—40 mg/kg~', i.v.) and exsanguinated via
the carotid artery. Following penectomy, the rabbit corpus
cavernosum was dissected in the Krebs solution and cleared of
the tunica albuginea and surrounding tissues. Strips of rabbit
isolated corpus cavernosum were superfused in a cascade
system (Vane, 1964) with warmed (37°C) and oxygenated
(95%0, + 5%CO0O,) Krebs solution at a flow rate of
5ml min~'. The tissue responses (tension of 2.5 g) were
detected with auxotonic levers attached to Harvard heart/
smooth muscle isotonic transducers and displayed on a
Watanabe multichannel pen recorder (model WTR 381). After
a 60—90 min period of equilibration, rabbit isolated corpus
cavernosum strips were precontracted with noradrenaline
(3 uM) in order to increase the basal tone. The tissues were
continuously infused with indomethacin (5.6 uM) to inhibit the
generation of cyclo-oxygenase products.

Tityus serrulatus venom and other substances (glyceryl
trinitrate, acetylcholine, bradykinin, substance P, vasoactive
intestinal peptide, calcitonin gene-related peptide, cromakalim
and capsaicin) were administered as single bolus injections
(10—50 ul). N®-nitro-L-arginine methyl ester (L-NAME), D-
NAME, L-arginine, D-arginine, N®-iminoethyl-L-ornithine (L-
NIO), 1-(2-trifluoromethylphenyl) imidazole (TRIM), 1H-
[1,2,4] oxadiazolo [4,3,-alquinoxalin-1-one] (ODQ), aprotinin
(Trasylol), Hoe 140 (D-Arg-[Hyp?,Thi’,pTic’,0ic®]-BK), apa-
min, charybdotoxin, glibenclamide, ruthenium red, methylene
blue, atropine, tetracthylammonium and tetrodotoxin were
infused over rabbit isolated corpus cavernosum tissues 20 min
before and during a bolus injection of the appropriate agonists.

Effect of .--NAME and TRIM on rabbit cerebellum nitric
oxide synthase activity in vitro

The in vitro actions of both L-NAME and TRIM were
studied in a rabbit cerebellum homogenate by measuring
their ability to inhibit the conversion of [*H]-L-arginine to
[*H]-L-citrulline as described by Forstermann et al., (1990).

Briefly, the rabbits were anaesthetized with sodium pento-
barbitone (Sagatal; 40 mg kg~', i.v.), the cerebella were
rapidly removed and homogenized in five volumes of cold
incubation buffer (50 mM Tris-HCI buffer, pH 7.4) containing
1 mM PMSF and 1 mM L-citrulline. The homogenates were
incubated for 30 min in the presence of 1 mM NADPH,
2 mM CaCl, and 10 mM L-arginine containing 100,000 d.p.m.
of [2,3,4,5-*H]-L-arginine monohydrochloride at room tem-
perature (25—27°C). The NOS inhibitor, L-NAME or TRIM
was then added to the homogenates to give a final
concentration of 10 nM—3 mM. The protein content of the
samples was determined according to the method of Peterson
(1977) and the activities of cerebellar NOS are expressed as
pmol L-citrulline produced min~' mg~' protein. The reduc-
tion in L-citrulline production caused by the inhibitors was
expressed as a percentage of the maximum activity. From the
semi-log concentration-activity curves, the values of
pl(—log;, of the molar concentration of inhibitor that
causes 50% inhibition) were calculated.

Purification of Tityus serrulatus venom

Dried whole venom (400 mg) dissolved in ammonium
bicarbonate buffer (0.01 M, pH 7.8) was purified with a
2.5%67.0cm column of CM-cellulose-52 as previously
described (Arantes et al., 1989). The resulting pools,
designated fractions I-XIII, were then directly lyophilized,
wetted and again lyophilized until complete removal of the
salt. All of these fractions were assayed in the rabbit isolated
corpus cavernosum bioassay cascade. The doses of all fractions
used to carry out the bioassay cascade were previously
determined by calculating the extinction coefficient (¢) of each
fraction. This coefficient gives the protein content (mg ml~') in
a given absorbance. Usually, it is presented as the fraction
absorbance which contains 1 mg ml~' protein.

Drugs and Tityus serrulatus venom

The venom of Tityus serrulatus was provided by the Butantan
Institute (Sdo Paulo). The crude venom (lot no. 041088) was
obtained by electrostimulation of the telsons of scorpions in
captivity and was lyophilized and stored at —20°C.

Acetylcholine, apamin, aprotinin, atropine, D-arginine, L-
arginine, bradykinin, calcitonin gene-related peptide, capsai-
cin, charybdotoxin, cromakalim, glibenclamide, indomethacin,
methylene blue, N®-nitro-D-arginine methyl ester (D-NAME),
N®-nitro-L-arginine methyl ester (L-NAME), noradrenaline,
ruthenium red, substance P, tetracthylammonium, tetrodotox-
in and vasoactive intestinal peptide were obtained from Sigma
Chemical Co. (St. Louis, MO, U.S.A.). NSiminoethyl-L-
ornithine (L-NIO) was bought from Research Biochemicals
International (Nattick, MA; U.S.A.). Glyceryl trinitrate
(ampoules containing 1 mg ml~' in isotonic saline) and
pentobarbitone sodium (Sagatal) were acquired from Lipha
Pharmaceuticals (London, U.K.) and May & Baker (Dagen-
ham, Essex, U.K.), respectively. Hoe 140 (D-Arg-[Hyp? Thi®,D-
Tic’,0ic®-]-BK) was a gift from Hoechst AG (Frankfurt,
Germany). 1-(2-Trifluoromethylphenyl) imidazole (TRIM)
and 1H-[1,2,4] oxadiazolo [4,3,-alquinoxalin-1-one] (ODQ)
were obtained from Tocris Cookson Inc. (St. Louis, MO,
U.S.A)). [*H]-L-arginine was purchased from Amersham
International (U.K.).

Tityus serrulatus venom and test agents were stored in stock
solution at —20°C and then diluted with isotonic saline
(0.9% w/v) when assayed in the rabbit isolated corpus
cavernosum strips.
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The composition of the Krebs solution was (in mM): NaCl
118, NaHCO; 25, glucose 5.6, KCl 4.7, KH,PO, 1.2,
MgSO,7H,0 1.17 and CaCl,6H,O 2.5.

Statistical analysis

The relaxations induced by Tityus serrulatus venom and other
agents were expressed relative to the submaximal relaxation
induced by GTN, which was taken to be 100%. The results are
shown as the mean+s.e.mean of n experiments. Analysis of
variance and Student’s paired ¢ test were employed to evaluate
the data. A P value less than 0.05 was considered to indicate
significance.

Results

Involvement of nitric oxide (NO) in the rabbit corpus
cavernosum relaxations induced by Tityus serrulatus
venom

Tityus serrulatus venom (3—100 pug), acetylcholine (ACh; 0.3—
30 nmol), bradykinin (BK; 0.3—10 nmol) and glyceryl trini-
trate (GTN; 0.5—10 nmol) caused dose-dependent relaxations
of the rabbit isolated corpus cavernosum strips (not shown;
n=12 each). The infusion of 1H-[1,2,4] oxadiazolo [4,3,-
alquinoxalin-1-one] (ODQ); 30 uM, n=4), a selective inhibitor
of NO-stimulated soluble guanylyl cyclase activity, abolished
the relaxations induced by ACh (0.6 nmol; 66+ 18% before
and 140.5% during ODQ infusion; P<0.01), BK (10 nmol;
49+10% before and 0.0% during ODQ infusion; P<0.01)
and Tityus serrulatus venom (30 ug; 85+4% before and
54+1% during ODQ infusion; P<0.01). The GTN
(1.3 nmol)-induced relaxation was also significantly reduced
by ODQ (98+1% inhibition; P<0.01). The relaxations
evoked by these agents were greatly restored 15 min after the
ODAQ infusion had stopped (P <0.01; Figure 1). An infusion of
methylene blue (MB; 30 uM, n=4) significantly reduced the
relaxations induced by ACh (0.6 nmol; 87+3% before and
37+ 11% during MB infusion; P<0.05) and Tityus serrulatus
venom (10 ug; 96+5% before and 33+10% during MB
infusion; P<0.01). The GTN (1.3 nmol)-induced relaxation
was also significantly reduced by MB (32+11% inhibition;
P<0.05). However, in contrast to ODQ, the inhibitory effect
of MB was irreversible (not shown).

The infusion of D-NAME (10 uM, n=35) did not affect
either the basal tone of the rabbit isolated corpus cavernosum
tissues or the relaxations induced by either ACh (0.6 nmol;
130+ 18% before and 107+ 14% during D-NAME infusion)
or Tityus serrulatus venom (30 pg; 113+16% before and
87+ 18% during D-NAME infusion). However, the subse-
quent infusion of L-NAME (10 uM, n=6) further increased the
tone of the rabbit isolated corpus cavernosum tissues and
markedly reduced both ACh- (0.6 nmol; 107 4+ 14% before and
17+8% during L-NAME infusion; P<0.01) and Tityus
serrulatus venom-induced relaxations (30 ug; 87+ 18% before
and 13+7% during L-NAME infusion; P<0.01) without
affecting those evoked by GTN. Infusion of L-arginine
(300 uM, n=06), but not D-arginine (300 uM, n=75), partially
reversed the increased tone and significantly restored the
relaxations induced by ACh (0.6 nmol; 17+8% before and
80+ 13% during L-arginine infusion; P<0.01) and Tityus
serrulatus venom (30 ug; 13+ 7% before and 75+ 12% during
L-arginine infusion; P<0.01).

Similarly, the NO synthesis inhibitor N®-iminoethyl-L-
ornithine (L-NIO; 30 uM, n=6) increased the tone of the
rabbit isolated corpus cavernosum and significantly reduced
the relaxations induced by both ACh (0.6 nmol; 145+27%
before and 24+6% during L-NIO infusion; P<0.01) and
Tityus serrulatus venom (30 ug; 171+26% before and
35+10% during L-NIO infusion; P<0.01). At this dose, L-
NIO had no significant effect on the GTN-induced relaxations.
The subsequent infusion of L-arginine (300 uM, n=06)
significantly restored both the increased tone and the rabbit
isolated corpus cavernosum relaxations induced by ACh
(110+9%; P<0.01) and Tityus serrulatus venom (115+17%;
P<0.01) (Figure 2).

TRIM (1-(2-trifluoromethylphenyl) imidazole; 100 uM,
n=4) had no effect on the rabbit isolated corpus cavernosum
relaxations induced by Tityus serrulatus venom (30 ug;
90+ 6% before and 85+4% during TRIM infusion), ACh
(0.6 nmol; 66+ 18% before and 66+18% during TRIM
infusion), BK (10 nmol; 48 +11% before and 49+ 11% during
TRIM infusion) or GTN (1.3 nmol).

In vitro NO synthase (NOS) activity
The maximum NOS activity in the homogenates (in the

absence of any inhibitor) was 5.9640.31 pmol L-citrulline
min~' mg~' protein (n=3). When Ca>" was omitted from the

ODQ 30 pum 4 min

x e

GTN 13
ACh

Bk 10
TSV 30

L] *
1.3 1.3 nmol
L ] o
0.6 0.6 nmol
L] *
10 10 nmol
L] L]
30 30 Hg

Figure 1 Inhibition by ODQ (30 um) of the rabbit corpus cavernosum (RbCC) relaxations induced by acetylcholine (ACh;
0.6 nmol) and Tityus serrulatus venom (TSV; 30 ug). The infusion of ODQ increased the tone of the tissues and virtually abolished
the relaxations induced by the above agonists. After the ODQ infusion had ended, the relaxations were greatly restored. This is a

representative tracing of four experiments. Bk, bradykinin.
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incubation media, the conversion of L-arginine to L-citrulline
was inhibited by more than 90%, thus confirming that the
enzymatic activity measured in the homogenates was due to
calcium-dependent NOS. From the concentration vs NOS
activity curves, the pl, values derived were 5.17+0.76 and
2.62+0.18 for L-NAME and TRIM, respectively (n=3).

Lack of effect of aprotinin, Hoe 140 and atropine

The protease inhibitor aprotinin (Trasylol; 10 ug ml~") did not
significantly affect the rabbit isolated corpus cavernosum
relaxations induced by either ACh (n=4) or Tityus serrulatus
venom (n=4; Table 1).

The stable bradykinin B, receptor antagonist Hoe 140
(50 nm), n=>5) virtually abolished the BK (10 nmol)-induced
relaxations (P<0.01) without affecting those induced by
Tityus serrulatus venom (10 ug; Table 1).

The muscarinic receptor antagonist atropine (1 uM, n=>5)
significantly reduced the ACh (0.6 nmol)-induced relaxation
(P<0.01) but had no effect on those induced by either BK
(10 nmol) or Tityus serrulatus venom (10 ug; Table 1).

Effect of K channel blockers

The ATP-dependent K channel agonist cromakalim (10 and
30 nmol) caused dose-dependent (51 +9 and 95+ 19% relaxa-
tion, respectively; n=6) and long-lasting corpus cavernosum
relaxations. Figure 3 shows that an infusion of the ATP-
dependent K™ channel antagonist glibenclamide (10 uM, n=6)

significantly reduced the cromakalim (30 nmol)-induced
relaxations without affecting those induced by either ACh
(0.6 nmol) or Tityus serrulatus venom (10 pg; Table 2 and
Figure 3). In contrast, the cromakalim (30 nmol)-induced
relaxations were not significantly affected by L-NAME (10 pm;
30+ 6% before and 27 +4% during L-NAME infusion, n=4).

The Ca’"-activated K* channel blockers apamin (0.1 uM,
n=206) and charybdotoxin (0.1 uM, n=6) also had no significant
effect on the rabbit isolated corpus cavernosum relaxations
induced by ACh, BK, cromakalim and Tityus serrulatus venom
(Table 2). In addition, the K™ channel blocker TEA (10 um,
n=4) failed to affect ACh-, cromakalim- and Tityus serrulatus
venom-induced relaxations (Table 2). At these concentrations,
glibenclamide, apamin, charybdotoxin and TEA had no effect
on the GTN-induced relaxations (not shown, n=6).

Involvement of NANC mechanisms

Bolus injections of capsaicin (3 and 10 nmol) over the rabbit
isolated corpus cavernosum tissues induced dose-dependent
and non-tachyphylactic relaxations (rn=6) with a similar
pattern to that induced by Tityus serrulatus venom and other
agonists. The infusion of ruthenium red (RR; 30 uM, n==6) did
not significantly affect the relaxation induced by ACh
(0.6 nmol; 88+20% before and 83+13% during RR
infusion), BK (10 nmol; 49 +9% before and 55+8% during
RR infusion) and Tityus serrulatus venom (10 ug; 81 +17%
before and 68 +16% during RR infusion). At this dose, RR
markedly reduced the capsaicin-induced relaxations (Figure 4).

L-NIO 30 pm L-Arg 300 pm 4 min
GTN 13 13 13 nmol
. .
ACh 06 06 06 nmol
TSV 100 100 100 K9

Figure 2 Effects of N“-nitro-imino-L-ornithine (L-NIO, 10 um) and L-arginine (L-Arg; 300 uM) on rabbit corpus cavernosum
(RbCC) strips. The infusion of L-NIO increased the RbCC tone and reduced the relaxation induced by both acetylcholine (ACh;
0.6 nmol) and Tityus serrulatus venom (TSV; 100 pg). The relaxations induced by glyceryl trinitrate (GTN; 1.3 nmol) were not
significantly affected by the L-NIO infusion. Subsequent infusion of L-Arg reversed the increased RbCC tone and also partially
restored the relaxations induced by ACh and TSV. This is a representative tracing of six experiments.

Table 1  Effect of aprotinin (10 ug ml~"), Hoe 140 (50 nm) and atropine (I uMm) on the rabbit corpus cavernosum (RbCC) relaxations

induced by acetylcholine (ACh; 0.6 nmol), bradykinin (BK; 10 nmol)

and Tityus serrulatus venom (TSV; 10 ug)

RbCC relaxations (%)

ACh BK TSV
Treatment Control Treated Control Treated Control Treated
Aprotinin 141416 148 +46 ND ND 84423 62434
Hoe 140 ND ND 88+5.5 164+9* 98+11 95+10
Atropine 117+7 10+4* 5649 66418 95+10 8046

Aprotinin, Hoe 140 and atropine were infused over the RbCC tissues at a flow rate of 0.1 ml min~" for at least 20 min before injection
of the agonists. The RbCC relaxations induced by ACh, BK and TSV were expressed (mean+s.e.mean, n=4-135) relative to the
submaximal relaxation induced by glyceryl trinitrate which was taken to be 100%. ND, not determined. * P<0.01, compared to the

respective control.
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The bolus injection of substance P (SP; 0.75 and 2.2 nmol) short-lived contraction (10.54+2%, n=4) of the tissues. In

had no effect on the rabbit isolated corpus cavernosum tissues doses up to 2 nmol, calcitonin gene-related peptide (CGRP)
(n=4, not shown), although higher doses (7.5 nmol) evoked a had no significant effect on the rabbit isolated corpus
Glibenclamide 10 pm 4 min
. . nmol
GTN 1.3 1.3
® ) nmol
ACh 0.6 0.6
) °
CMK 30 30 nmol
L] [ ]
Tsv 10 10 g

Figure 3 The ATP-dependent K channel antagonist glibenclamide (10 um) virtually abolished the rabbit corpus cavernosum
(RbCC) relaxation induced by the K* channel opener cromakalim (30 nmol) without affecting that induced by Tityus serrulatus
venom (10 pg). The RbCC relaxations induced by acetylcholine (ACh; 0.6 nmol) and glyceryl trinitrate (GTN; 1.3 nmol) were also
not affected by glibenclamide. This is a representative tracing of six experiments.

Table 2 Lack of effect of K™ channel blockers on the rabbit corpus cavernosum (RbCC) relaxations induced by acetylcholine (ACh;
0.6 nmol), bradykinin (BK; 1 nmol), cromakalim (CMK; 30 mnol) and Tityus serrulatus venom (TSV; 10 pug)

RbCC relaxations (%)

Glibenclamide Apamin Charybdotoxin TEA
Agents Control Treated Control Treated Control Treated Control Treated
ACh 112411 98+8 99+7 90+38 107+18 100420 64413 80+ 11
BK ND ND 4743 48+13 4449 43+10 ND ND
CMK 95+ 19 11+6* 57+15 67421 ND ND 48 +8 46+13
TSV 125+ 11 102+ 11 83+13 88+ 11 84420 87+ 19 60+9 69+ 14

Glibenclamide (10 pum), apamin (0.1 uM), charybdotoxin (0.1 uMm) and tetracthylammonium (TEA, 10 uM) were infused over the RbCC
tissues at a flow rate of 0.1 ml min—' for at least 20 min before injection of the agonists. The RbCC relaxations induced by ACh, BK
and TSV were expressed (mean +s.e.mean, n=06) relative to the submaximal relaxation induced by glyceryl trinitrate which was taken to
be 100%. ND, not determined. * P<0.05 compared to the respective control.

Tetrodotoxin 1 um 4 min

| TV Yy )

Ruthenium red 30 pm

GTN 13 13 13 nmol
L]

ACh 06 06 0.6 nmol

Cap 3 10 3 10 3 10 nmol

TVS 30 30 30 g

Figure 4 Effects of ruthenium red and tetrodotoxin on rabbit corpus cavernosum (RbCC). The infusion of ruthenium red (30 um)
over the second tissue (b) markedly inhibited the capsaicin-induced RbCC relaxations, without affecting those evoked by Tityus
serrulatus venom. The sodium channel blocker tetrodotoxin (1 uM) infused over both tissues abolished the RbCC relaxations
induced by Tityus serrulatus venom (TSV; 30 ug), but had no effect on those induced by capsaicin (Cap; 3 and 10 nmol),
acetylcholine (ACh; 0.6 nmol) and glyceryl trinitrate (GTN; 1.3 nmol). This is a representative tracing of six experiments.
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cavernosum tissues (n=4, not shown). Bolus injection of
vasoactive intestinal peptide (VIP; 0.6 and 2 nmol) caused
small relaxations (8 +2.5% and 19+4%, respectively). The
VIP (2 nmol)-induced relaxations were not significantly
affected by L-NAME (10 uM; 16+6% before and 14+5%
during L-NAME infusion; n=4, not shown).

Effect of the sodium channel blocker tetrodotoxin

An infusion of tetrodotoxin (TTX; 1 uM, n=06) virtually
abolished the Tityus serrulatus venom (30 pg)-induced relaxa-
tions (66+9% before and 4+2% during TTX infusion; P<
0.01). At this concentration, TTX did not affect either the tone
of the rabbit isolated corpus cavernosum tissues or the
relaxations induced by capsaicin (10 nmol; 71+6% before
and 68+6% during TTX infusion, n=6), BK (10 nmol;
75+9% before and 73+7% during TTX infusion), ACh
(0.6 nmol; 79+ 1% before and 90+ 10% during TTX infusion)
and GTN (1.3 nmol) (Figure 4). In addition, the established
relaxations by Tityus serrulatus venom were promptly reversed
by the same concentration of TTX (Figure 5).

Bioassay cascade of fractions purified from Tityus
serrulatus venom

The bioassay cascade of the fractions I-XIII revealed that
fractions I-IX and XIII (up to 80 pug) had no effect on the
rabbit isolated corpus cavernosum tissues (not shown; n=06).
In contrast, fractions X (1.2—12 ug), XI (1.4—14 ug) and XII
(1-10 ug) caused dose-dependent relaxations. These fractions
corresponded to 4.01, 3.58 and 2.97% of whole venom,
respectively. Tityus serrulatus venom (30 pg; n=38) caused
65+ 8% whereas fraction X (3.8 ug, n=238), fraction XI (4.2 ug,
n=8) and fraction XII (3.0 ug, n=8) caused 44+8%,
56+12% and 54+10% of relaxation, respectively. The

4 min

vwvlw —
TTX 1 pum
GTN 173 nmol
ACh 06 nmol

TSV 30 Hg

Figure 5 Infusion of the sodium channel blocker tetrodotoxin (TTX,
1 um) over the second tissue promptly reversed the established RbCC
relaxation induced by Tityus serrulatus venom (TSV; 30 ug). This is a
representative tracing of four experiments.

infusion of either L-NAME (10 uM; n=4) or TTX (1 um;
n=4) reduced by >90% the relaxations of rabbit isolated
corpus cavernosum induced by these fractions.

Discussion

Our results indicate that Tityus serrulatus scorpion venom
relaxes the rabbit corpus cavernosum via the release of NO.
The involvement of NO was confirmed by the findings that the
non-specific NOS inhibitors L-NAME (Moore ef al., 1989) and
L-NIO (Rees et al., 1990) markedly reduced the Tityus
serrulatus venom-induced relaxations and that this inhibition
was reversed by L-arginine (but not D-arginine). Methylene
blue (Gruetter et al., 1981; Rapoport & Murad, 1983) and
ODQ (Garthwaite et al., 1995), inhibitors of soluble guanylate
cyclase, also markedly reduced the relaxation induced by
Tityus serrulatus venom, further supporting the involvement of
NO. In contrast to MB, the inhibition by ODQ was reversible.
Whether this finding reflects a weaker binding of the inhibitor
to soluble guanylate cyclase remains to be established.

NO activates Ca®"-dependent K* channels in rabbit aorta
(Bolotina et al., 1994). Cromakalim relaxed the rabbit isolated
corpus cavernosum and this effect was selectively blocked by
glibenclamide, indicating the presence of functional ATP-
dependent K* channels in the erectile tissue. However, the
finding that Tityus serrulatus venom-induced relaxations were
not affected by either the Ca”*-dependent K™ channel
antagonists, apamin (Burgess et al., 1980) and charybdotoxin
(Gimenez-Gallego et al., 1986), or by glibenclamide, excludes
the involvement of these K* channels in the venom
transduction mechanism. The failure of TEA to affect
venom-induced relaxations further supports the contention
that K™ channels do not play a role.

Similar to the scorpion venom, Phoneutria nigriventer spider
venom also relaxes rabbit isolated corpus cavernosum via the
release of NO. However, this release is secondary to tissue
kallikrein activation (Lopes-Martins ez al., 1994). Since neither
the protease inhibitor aprotinin (Vogel & Werle, 1970) nor the
BK antagonist Hoe 140 (Wirth ez al., 1991) affected the Tityus
serrulatus venom-induced relaxation, we may rule out this
intermediate step in NO release.

The erectile tissues from different animal species are
innervated by both adrenergic excitatory and cholinergic
inhibitory nerve fibres (see Andersson & Wagner, 1995). The
failure of the muscarinic receptor antagonist atropine to affect
the Tityus serrulatus-induced relaxations indicates that the
venom does not act either by activating cholinergic fibres nor
through the presence of ACh-like substances in the venom
itself.

The erectile tissues are also richly innervated by NANC
inhibitory nerve fibres (Gillespie, 1972; Klinge & Sjostrand,
1974) and this is believed to play a pivotal role in the neural
mechanisms involved in penile erection through the release of
NO (Ignarro et al., 1990; Pickard et al., 1991; Kim et al., 1991;
Rajfer et al., 1992). Thus, the potential sources of NO
production in the rabbit isolated corpus cavernosum prepara-
tion employed in this study are both NANC neurones and the
endothelium, which covers the network of sinusoidal
capillaries supplying the cavernosal tissue.

The classical sodium channel blocker tetrodotoxin specifi-
cally inhibited the Tityus serrulatus venom-induced rabbit
isolated corpus cavernosum relaxations, strongly indicating
that NO release by the venom is preceeded by nerve activation,
possibly involving the NANC system. Indeed, the addition of
Tityus serrulatus venom (or tityustoxin) to the peripheral cut
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end of either sciatic or saphenous nerve of the rat releases a
neurogenic permeability factor from sensory fibres, which is
responsible for the increase in vascular permeability and
oedema formation in the areas supplied by the nerves (Garcia-
Leme et al., 1977).

NANC activation leads to the release of neuropeptides such
as substance P, CGRP and VIP. Capsaicin, a substance known
to activate primary sensory neurones (Jancso et al., 1977)
causes the release of these neuropeptides from NANC
terminals in different tissues (Holzer, 1991). However, it is
unlikely that the venom activates NANC primary sensory C
fibres to cause the release of neuropeptides, since bolus
injections of substance P and CGRP were unable to relax
rabbit isolated corpus cavernosum tissues whereas VIP caused
small relaxations. The observation that capsaicin caused NO-
independent and tetrodotoxin-insensitive relaxations rein-
forces the concept, that rabbit isolated corpus cavernosum
relaxation by Tityus serrulatus venom does not result from the
activation of capsaicin-sensitive sensory neurones. Further-
more, ruthenium red, an inhibitor of capsaicin-induced
stimulation of sensory neurones (Buckely ef al., 1990; Amann
& Maggi, 1991), markedly reduced capsaicin-induced relaxa-
tions but failed to affect those induced by the venom. The
mechanism by which capsaicin relaxes the rabbit isolated
corpus cavernosum is not yet clear but it may involve a direct
vasorelaxing effect on the cavernosal tissues, independent of
both endothelium and nerve stimulation.

We propose therefore that Tityus serrulatus venom acts
selectively on NANC fibres, possibly nitrergic neurones, and
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