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Abstract

The changes induced in the mean arterial blood pressure of anaesthetised rats following the administration of armed spider
(Phoneutria nigriventer) venom have been investigated. The intravenous injection of Phoneutria nigriventer venom (0.1 mg/kg)
evoked a brief and reversible decrease in the mean arterial blood pressure whereas a higher dose of venom (0.3 mg /kg) caused a biphasic
response characterized by a short-lasting hypotension followed by a sustained and prolonged hypertension (40—50 min). These changes
were accompanied by tachycardia, salivation, fasciculations, defecation and respiratory disturbances. Pretreatment of the animals with
atropine (10 mg/kg), propranolol (100 mg/kg), phenoxybenzamine (100 mg/kg) and indomethacin (4 mg/kg) did not significantly
affect the mean arterial blood pressure changes induced by Phoneutria nigriventer venom. Similarly, the bradykinin B, receptor
antagonist Hoe 140 (p-Arg-{Hyp>,Thi’ pTic’,0ic®}-bradykinin) (0.6 mg/kg), the PAF receptor antagonist WEB 2086 (3-(4-(2-chloro-
phenyl)-9-methyl-6 H-thieno-(3,2f) (1,2,4)-triazolo-(4,3-a) (1,4)-diazepine-2-y!)-(4-morpholinyl)-1-propanone) (20 mg/kg), the
tachykinin NK, receptor antagonist SR 140333 (($)1-{2-[3-(3,4-dichlorophenyl)-1-(3-iso-propoxyphenyl acetyl) piperidin-3-yl} ethyl}-4-
phenyl-1-azoniabicyclo[2.2.2] octane, chloride) (0.5 mg/kg), the tachykinin NK, receptor antagonist SR 48968 ((S)-N-methyl-N[4-(4-
acetylamino-4-phenylpiperidino)-2-(3,4-dichloropheny)butyllbenzamide) (0.5 mg/kg) and the nitric oxide synthase inhibitor N “-nitro-
L-arginine methyl ester (10 mg/kg) had no significant effect on the mean arterial blood pressure changes induced by Phoneutria
nigriventer venom. The increase in the blood pressure induced by Phoneutria nigriventer venom was also not significantly affected by
either the angiotensin 11 receptor antagonist losartan (10 mg/kg) or the endothelin ET, receptor antagonist FR 139317 ((R)2-{(R)-2-[1-
(hexahydro-1 H-azepinyllcarbonyllamino-4-methyl-pentanoyljamino-3-[3-(1-methyl-1 H-indoyD}propionyl] amino-3-(2-pyridyl) propionic
acid) (30 mg/kg). The ATP-dependent K* channel antagonist glibenclamide (50 mg/kg) reduced by 40% the hypotension induced by
Phoneutria nigriventer venom without affecting the hypertensive response. Pretreatment of the animals with L-type Ca?* channel
antagonists such as verapamil (10-100 wg/kg/min), diltiazem (40-120 pg/kg/min) and nifedipine (0.3-10 mg/kg) markedly
attenuated the hypertension induced by Phoneutria nigriventer venom. Verapamil (30 pg/kg/min) and diltiazem (120 ug/kg/min)
also promptly reversed the established hypertension induced by Phoneutria nigriventer venom when infused 8 min after venom injection.
Our results indicate that the brief decrease of blood pressure induced by Phoneutria nigriventer venom is partially due to ATP-dependent
K* channel activation. The prolonged hypertension seems to result from direct Ca?* entry into vascular and /or cardiac muscles.
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1. Introduction

Human envenomation by the spider Phoneutria ni-
griventer is common in South America, particularly in
Brazil (Lucas, 1988). The predominant clinical manifesta-
tions of such envenomation include intense local pain,
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visual disturbances, priapism, neurogenic shock, tachycar-
dia and arrhythmias (Brazil and Vellard, 1925).
Phoneutria nigriventer venom activates voltage-depen-
dent sodium channels in both the phrenic nerve-diaphragm
muscle preparation (Fontana and Vital-Brazil, 1985) and in
guinea pig auricles (Vital-Brazil et al., 1988), but not in
rabbit isolated vascular smooth muscle (Antunes et al.,
1993a). In the auricles, Phoneutria nigriventer venom
releases both acethylcholine and norepinephrine (Vital-
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Brazil et al., 1988) which are believed to play a role in the
cardiac disturbances observed following envenomation by
this species (Schenberg and Pereira-Lima, 1971). Since the
in vivo cardiovascular effects of Phoneutria nigriventer
venom have not been systematically studied, the aim of the
present work was to investigate the effects of Phoneutria
nigriventer venom on the arterial blood pressure of anaes-
thetised rats.

2. Materials and methods

2.1. Arterial blood pressure measurement

Male Wistar rats (280350 g) provided by CEMIB-UN-
ICAMP were anaesthetised with sodium pentobarbital
(Sagatal, 40 mg/kg i.p.) and the trachea was cannulated.
The right carotid artery and left femoral vein were cannu-
lated for the measurement of arterial bood pressure and
drug administration, respectively. The arterial pressure was
measured via a pressure transducer (Ugo Basile, model
PRC 21/3) connected to a two-channel polygraph (Ugo
Basile). The experiments were initiated after at least 15
min of stabilization at which point the arterial blood
pressure was generally 80-100 mm Hg. Phoneutria ni-
griventer venom and the other agonists (noradrenaline,
isoproterenol, acetylcholine, bradykinin, platelet-activating
factor, angiotensin II, endothelin-1, substance P, cro-
makalim, sodium nitroprusside and Bay K8644 (methyl-
1,4-dihydro-2,6-dimethyl-3-nitro-4-(2-trifluoromethyiphen-
yl)-pyridine-5-carboxylate) employed in this study were
injected intravenously as a single bolus (100 ul) and were
washed in with a further 100 ul of saline.
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2.2. Dialysis of Phoneutria nigriventer venom

Phoneutria nigriventer venom (10 ml of a 2 mg/ml of
0.9% w/v saline solution) was dialysed (dialysis mem-
brane molecular weight cutoff, 12000-14000) for up to
48 h at 4-6°C against 2 | of saline. The dialysing solution
was changed 4 times during this period (Antunes et al.,
1992).

2.3. Venom and reagents

Lyophilised Phoneutria nigriventer venom was sup-
plied by the Butantan Institute (Sdo Paulo, Brazil). The
venom was collected from the spiders by means of electri-
cal stimulation and desiccated in vacuo over NaOH tablets
at room temperature.

Acetylcholine, angiotensin II, atropine, bradykinin, dil-
tiazem, indomethacin, isoproterenol, N “-nitro-L-arginine
methyl ester, noradrenaline, propranolol, verapamil,
glibenclamide, cromakalim, substance P, sodium nitroprus-
side and dialysis tubing (molecular weight cutoff 12000
14000) were purchased from Sigma Chemical Co. (St.
Louis, MO, USA). Platelet-activating factor (PAF) and
sodium pentobarbital (Sagatal) were obtained from
Beecham (Bubendorf, Switzerland) and May & Baker
(UK), respectively. WEB 2086 and phenoxybenzamine
were obtained from SmithKline Beecham (UK). Losartan
was supplied by Merck (USA). Endothelin-1 was supplied
by the Peptide Institute (Osaka, Japan). The endothelin
(ET,) receptor antagonist FR 139317 ((R)2-[(R)-2-[[1-
(hexahydro-1 H-azepinyl]carbonyl]lamino-4-methyl-penta-
noylJamino-3-[3-(1-methyl-1 H-indoyl)]propionyl] amino-
3-(2-pyridyl) propionic acid) was supplied by Dr. T.J.
Opgenorth (Abbott Laboratories, IL, USA). Hoe 140 (D-

2 min

Fig. 1. A typical trace of the mean arterial blood pressure (MABP) induced by acetylcholine (ACh, 1 pg/kg i.v.), isoproterenol (ISO, 10 ng/kg i.v.),
noradrenaline (NA, 1 ug/kg i.v.) and Phoneutria nigriventer venom (PNV, 0.3 mg/kg i.v.) in an animal receiving saline (panel A) and in an animal
pre-treated 0.5 h before with a mixture of atropine (10 mg/Kg i.p.), propranolo! (100 mg/kg i.p.) and phenoxybenzamine (100 mg/kg i.p.; panel B).



S.K.P. Costa et al. / European Journal of Pharmacology 298 (1996) 113-120 115

Arg-[Hyp*,Thi’,pTic’,Oic®}-bradykinin), BAY K8644 and
nifedipine were obtained from Pharma Synthesis (Hoechst),
Bayer (Germany) and Bayer (Brazil), respectively. SR
140333  ((S)1-{2-[3-(3,4-dichlorophenyl)-1-(3-iso-
propoxyphenyl acetyl) piperidin-3-yl] ethyl}-4-phenyl-1-
azoniabicyclo[2.2.2] octane, chloride) and SR 48968 ((S)-
N-methyl-N{4-(4-acetylamino-4-phenylpiperidino)-2-(3,4-
dichlorophenylbutyl]benzamide) were supplied by Sanofi
Recherche (Montpellier, France). FR 139317 was dis-
solved in 1 N NaOH and the pH corrected to 7.4. BAY K
8644 was dissolved in 40% ethanol. Phoneutria nigriven-
ter venom and test agents were stored in stock solutions at
—20°C and then diluted with isotonic saline (0.9% w/v)
prior to administration to the animals.

2.4. Statistical analysis

The results are presented as the mean + S.E.M. where
appropriate. Statistical comparison was undertaken by
means of analysis of variance (ANOVA) followed by
either Student’s unpaired two-tailed #-test or Duncan’s
multiple range test. Values of P < 0.05 were considered as
significant.

3. Results

3.1. The effects of Phoneutriaq nigriventer venom on mean
arterial blood pressure

The intravenous administration of Phoneutria nigriven-
ter venom (0.1 mg/kg) caused a brief (2—4 min) and
reversible hypotension (43 + 7 mm Hg, n = 7) whereas a
higher venom dose (0.3 mg/kg) induced a biphasic mean
arterial blood pressure response consisting of a brief (1-3
min) hypotension (33 + 2.2 mm Hg) followed by a pro-
longed hypertension (42.5 + 4.8 mm Hg increase; Fig. 1,
upper panel). The latter phase was characterised by a slow
onset (10 min to reach the maximal response), long dura-
tion (approximately 40-50 min) and associated with a
discrete increase in the heart rate (496 + 12 beats/min
before and 544 + 8.5 beats/min 10 min after Phoneutria
nigriventer venom injection, n = 10, P < 0.05). A second
administration of Phoneutria nigriventer venom (0.3
mg/kg) always evoked a tachyphylactic response followed
by death in 75% of the animals 10 min after injection
(n = 20). The changes in blood pressure induced by this
dose of venom were accompanied by intense salivation,
fasciculations and defecation.

3.2. Effect of atropine, phenoxybenzamine and propranolol

The intravenous injection of both acetylcholine (1
ng/kg) and the B-adrenoceptor agonist isoproterenol (10
ng/kg) induced a short-lasting hypotension (61 + 6.2 and
39.6 + 2.9 mm Hg, respectively, n=15) whereas nor-
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Fig. 2. The effect of atropine (panel A; 10 mg/kg i.p., 0.5 h before),
propranolol (panel B; 100 mg/kg i.p., 0.5 h before) and phenoxybenza-
mine (panel C; 100 mg/kg i.p., 0.5 h before) on the arterial blood
pressure changes induced by Phoneutria nigriventer venom (PNV; 0.3
mg/kg i.v.) in anaesthetised rats. Acetylcholine (ACh, 1 ug/kg i.v.),
isoproterenol (ISO, 10 ng/kg i.v.) and noradrenaline (NA, 1 pg/kg i.v.)
were injected as controls for the antagonists described above. Closed bars
represent the control (saline-treated) animals and the open bars represent
the drug-treated animals. Bars represent the means +S.EM. " P < 0.05
compared to the control values.

adrenaline (1 wg/kg) induced a brief hypertension (53.4
+ 5.3 mm Hg). Pretreatment of one group of rats with the
muscarinic receptor antagonist atropine (10 mg/kg i.p.,
0.5 h before) significantly reduced the acetylcholine-
induced hypotension without affecting the biphasic blood
pressure response induced by Phoneutria nigriventer
venom (0.3 mg/kg; Fig. 2A). At this dose, atropine did
not significantly change basal blood pressure (103 + 7.5
and 83.5 + 4.7 mm Hg for control and atropine-treated
animals, respectively, n=5). In a second group of rats,
pretreatment with the B-adrenoceptor antagonist propra-
nolol (100 mg/kg i.p., 0.5 h before) did not change the
basal mean arterial blood pressure (101.2 + 5.6 and 95.6 +
7.3 mm Hg for control and propranolol-treated animals,
respectively, n=35) but markedly reduced the isoprote-
renol-induced hypotension (Fig. 2B). Propranolol treat-
ment did not significantly affect the blood pressure changes
induced by Phoneutria nigriventer venom. Finally, in a
third group of rats, pretreatment with the a-adrenoceptor
antagonist phenoxybenzamine (100 mg/kg i.p., 0.5 h be-
fore) lowered the basal blood pressure (114 + 2.3 and
78 + 2.2 mm Hg for control and phenoxybenzamine-treated
animals, respectively, n=35, P <0.05) and significantly
reduced the noradrenaline-induced hypertension (Fig. 2C).
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Table |

Effect of Hoe 140 (0.6 mg/kg ip.), WEB 2086 (20 mg/kg iv.),
N“-nitro-L-arginine methyl ester (L-NAME; 10 mg /kg i.v.), losartan (10
mg/kg i.v), FR 139317 (30 mg /kg i.v.) and SR 140333 (0.5 mg /kg i.v.)
on the mean arterial blood pressure (MABP) changes induced by Phoneu-
tria nigriventer venom (PNV; 0.3 mg/kg)

Treatment MABP decrease MABP increase n
(mm Hg) (mm Hg)
PNV 43.6+5.7 480+ 5.7 5
PNV + Hoe 140 45.249.6 550+ 7.1 5
PNV 36.0+9.0 4244+ 99 5
PNV + WEB 2086 49.6+7.1 29.0+ 8.2 5
PNV 36.0+8.5 42.44+10.0 5
PNV +L-NAME 438+73 346+ 7.3 5
PNV 31.24+ 4.6 5144+ 85 5
PNV + losartan 156+22° 576+ 5.4 5
PNV 33.0+22 425+ 4.8 7
PNV +FR 139317 36.8+4.7 4344 39 7
PNV 252426 46.24+11.6 6
PNV + SR 140333 220420 405+ 5.2 6

The values are the mean + S.E.M. of n rats. * P < 0.05 as compared to
the control (PNV alone) group.

At this dose, phenoxybenzamine had no effect on the
blood pressure changes induced by Phoneutria nigriventer
venom.

When the animals were previously treated with a mix-
ture of atropine, propranolol and phenoxybenzamine (same
doses as described above), the mean arterial blood pressure
decreased from 100.3 + 4.0 to 69.0 + 3.7 mm Hg (n =5,
P < 0.05). This treatment virtually abolished the responses
induced by acetylcholine, isoproterenol and noradrenaline
without significantly affecting the blood pressure changes
induced by Phoneutria nigriventer venom (Fig. 1, lower
panel).

3.3. Effect of the cyclooxygenase inhibitor indomethacin

Pretreatment of the animals with indomethacin (4
mg /kg i.p., 0.5 h before) affected neither the hypotension
(33.0 £ 2.2 and 36.0 + 6.0 mm Hg for control and treated
animals, respectively) nor the hypertension (42.5 + 4.8 and
39.8 + 3.7 mm Hg for control and treated animals, respec-
tively, n = 5) induced by Phoneutria nigriventer venom.
Indomethacin did not affect the basal blood pressure
(1124 + 7.4 and 1023+ 5.9 mm Hg for control and
indomethacin-treated animals, respectively, n = 5).

Table 2

3.4. Effect of the bradykinin B, receptor antagonist Hoe
140 and the PAF receptor antagonist WEB 2086

The intravenous bolus administration of bradykinin (1
ug/kg) caused a short-lived hypotension (22.5 + 4.3 mm
Hg) which was markedly reduced (1.6 +1.8, n=5, P <
0.01) when the animals were pretreated with Hoe 140 (0.6
mg/kg i.p.). However, Hoe 140 failed to significantly
affect mean arterial blood pressure changes induced by
Phoneutria nigriventer venom (Table 1). Similarly, WEB
2086 (20 mg/kg i.v., n = 5) abolished PAF (0.25 ug/kg
i.v.)-induced hypotension (37.8 + 7.4 mm Hg, n=5; P <
0.01) without significantly affecting blood pressure changes
induced by Phoneutria nigriventer venom (Table 1). At
the doses used, Hoe 140 and WEB 2086 did not affect the
basal blood pressure (not shown).

3.5. Effect of tachykinin NK, (SR 140333) and NK, (SR
48968) receptor antagonists

Intravenous bolus injection of subtance P (1 ug/kg)
caused a brief hypotension (29.3 +2.0 mm Hg, n=6)
which was abolished when the animals were previously
treated with SR 140333 (0.5 mg/kg i.v, 10 min before).
However, this antagonist (same dose) had no effect on the
blood pressure changes induced by Phoneutria nigriventer
venom (n = 6; Table 1). Pretreatment of the animals with
SR 48968 (0.5 mg/kg i.v., 10 min before) affected neither
the hypotension induced by substance P nor the the blood
pressure changes induced by Phoneutria nigriventer
venom (n = 6; not shown). SR 140333 and SR 48968 did
not affect the basal blood pressure (not shown).

3.6. Effect of the nitric oxide synthesis inhibitor N “-nitro-
L-arginine methyl ester (L-NAME)

The administration of L-NAME (10 mg/kg i.v.) caused
a sustained elevation of mean arterial blood pressure (25.0
+4.5% increase, n=25, P <0.01). In the N“-nitro-L-
arginine methyl ester-treated animals, the blood pressure
changes induced by Phoneutria nigriventer venom were
not significantly different from that observed in animals
receiving saline (Table 1).

Reversal by verapamil and diltiazem of the established hypertension induced by Phoneutria nigriventer venom (PNV; 0.3 mg /kg i.v.)

Treatment MABP (mm Hg)
Basal Maximal hypertension by PNV 8 min after Ca’>* antagonists
Satine (25 u1/min) 98.0 +6.0 1450+ 507 139.0 £ 3.0
Verapamil (30 ug/kg /min) 1060 + 3.7 1380+ 66° 888 +46°
Diltiazem (120 pg /kg/min) 88.5 + 5.9 131.5 + 100 @ 89.5+ 6.7

Verapamil and diltiazem were intravenously infused 5 min after PNV administration. MABP, mean arterial blood pressure. The values are the
mean + S.EM. of 5 rats. * P < 0.05 as compared to the basal MABP. ® P <0.05 as compared to values obtained at the maximal hypertension.
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3.7. Effect of the angiotensin receptor antagonist losartan
and the endothelin ET, receptor antagonist FR 139317

The intravenous bolus injection of angiotensin II (10
ng/kg) induced a short-lasting increase in mean arterial
blood pressure (50.0 +3.1 mm Hg) which was signifi-
cantly reduced (14.8 + 0.5 mm Hg, n=5, P<0.01) in
animals pretreated with losartan (10 mg/kg i.v.; Table 1).
At this dose, losartan reduced (P < 0.05) the hypotension
without affecting the hypertension induced by Phoneutria
nigriventer venom (n = 5; Table 2).

The bolus injection of endothelin-1 (3 ug/kg, n=17)
induced a brief hypotension (37.0 + 6.0 mm Hg) followed
by a sustained hypertension (25.3 +2.5 mm Hg). The
intravenous administration of FR 139317 (30 mg/kg) did
not affect the hypotension (37.0 + 5.0 mm Hg) but signifi-
cantly reduced the endothelin-1-induced hypertension (7.7
+ 2.9 mm Hg, P <0.01). FR 139317 (30 mg/kg) had no
effect on the blood pressure changes induced by Phoneu-
tria nigriventer venom (n = 7, Table 1).

3.8. Effect of the ATP-dependent K= channel blocker
glibenclamide

Pretreatment of the animals with glibenclamide (50
mg/kg i.p., 30 min before) reduced the hypotension in-
duced by the K* channel opener cromakalim (10 ug/kg)
from 26.9 + 40 mm Hg to 15.0+ 3.0 mm Hg (n=6;
P < 0.01) but it had no effect on the hypotension induced
by sodium nitroprusside (1 wg/kg, n=7; Fig. 3). At the
dose used above glibenclamide significantly reduced the
hypotension induced by Phoneutria nigriventer venom
without affecting the hypertension (n = 11; Fig. 3).

3.9. Effect of Ca’™* channel blockers

Fig. 4 shows the effect of the Ca’* channel blockers
verapamil, diltiazem and nifedipine on the mean arterial
blood pressure changes induced by Phoneutria nigriventer
venom (0.3 mg /kg).
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Fig. 3. The effect of glibenclamide (50 mg /kg i.p., 30 min before) on the
arterial blood pressure changes induced by intravenous administration of
cromakalim (CMK; 10 ug/Kg), sodium nitroprusside (SNP; 1 ug/kg)
and Phoneutria nigriventer venom (PNV; 0.3 mg/kg) in anaesthetised
rats. Closed bars represent the control (saline-treated) animals and the
open bars represent the glibenclamide-treated animals. Bars represent the
means+ S.EM. * P <0.05 compared to the control values.
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Fig. 4. The effect of verapamil (10-100 pg/kg/min; panel A), diltiazem
(40-120 pg/kg/min; panel B) and nifedipine (0.3 10 mg /kg; panel C)
on the arterial blood pressure changes induced by Phoneutria nigriventer
venom (0.3 mg/kg iv.) in anaesthetised rats. The calcium channel
opener BAY K8644 (1 ug/kg i.v.) was injected as controls for the
antagonists described above. Closed bars represent the control (saline-
treated) animals. The open, striped and cross-hatched bars represent the
responses of animals treated with verapamil, diltiazem and nifedipine,
respectively. Bars represent the means + SEM. of 5-9 rats. * P <0.05
compared to the control values.

Continuous intravenous infusion of verapamil decreased
the basal blood pressure (97.0 + 4.6 mm Hg before and
823 +3.2, 81.0 £ 5.0 and 42.0 + 6.8 mm Hg during 10,
30 and 100 pg/kg/min verapamil infusion, respectively,
P <0.05, n=35) and markedly reduced the increase in
blood pressure caused by both BAY K8644 and Phoneu-
tria nigriventer venom (Fig. 4A). The Phoneutria ni-
griventer venom-induced hypotension was significantly
reduced only by the highest dose of verapamil used (Fig.
4A). In addition, the infusion of verapamil (30
pg/kg/min) 5 min following Phoneutria nigriventer
venom administration (established hypertension) promptly
reversed the increased blood pressure {n =5, Table 2).

Intravenous infusion of diltiazem also significantly re-
duced the basal blood pressure (96.6 + 4.7 mm Hg before
and 68.5 + 4.9, 70.8 + 2.6 and 55.0 + 5.0 mm Hg during
40, 80 and 120 pg/kg/min infusion, respectively, P <
0.05, n=>5) and markedly reduced the increase in blood
pressure caused by both BAY K8644 and Phoneutria
nigriventer venom (Fig. 4B). Similarly to verapamil, the
Phoneutria nigriventer venom-induced hypotension was
significantly reduced only by the highest dose of diltiazem
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used (Fig. 4B). Diltiazem (120 pg/kg/min) aiso rapidly
reversed the hypertension induced by Phoneutria nigriven-
ter venom when infused 5 min after venom administration
(Table 2).

The effect of nifedipine was evaluated by giving the
drug orally 0.5 h before Phoneutria nigriventer venom
administration. The basal blood pressure was not affected
by 0.3 mg/kg (100.6 + 6.6 and 94.0 + 49 mm Hg for
control and treated animals, respectively, n = 5) but it was
significantly reduced by 1.0 and 10.0 mg/kg (82.5 + 4.3
and 65.0 + 4.6 mm Hg, respectively, P < 0.05, n =5). At
the range of doses used above, nifedipine reduced (P <
0.05) both blood pressure changes induced by Phoneutria
nigriventer venom and the BAY K8644-induced hyper-
tension (Fig. 4C).

Verapamil (30 wg/kg/min), diltiazem (120
wg/kg/min) and nifedipine (10 mg/kg) did not signifi-
cantly affect the noradrenaline (1 pg/kg)-induced hyper-
tension (58.1 + 2.9, 64.4 + 5.6, 55.7 + 3.5 and 67.0 + 3.3
mm Hg for control, verapamil-, diltiazem- and nifedipine-
treated animals, respectively, n = 9).

In the animals treated with verapamil, diltiazem or
nifedipine, the increased heart rate induced by Phoneutria
nigriventer venom was not observed. In addition, the
autonomic disturbances described above (salivation, fascic-
ulations and defecation) were not detected and no death
was observed even after a second administration of
Phoneutria nigriventer venom.

4, Discussion

Our results demonstrate that Phoneutria nigriventer
venom produces a biphasic change in the mean arterial
blood pressure of anaesthetised rats which is characterised
by a brief hypotension followed by long-lasting hyper-
tension. In guinea-pig auricles, Phoneutria nigriventer
venom promotes the release of both acetylcholine and
noradrenaline from the autonomic nerve endings by a
mechanism involving activation of voltage-dependent
sodium channels (Vital-Brazil et al., 1988). However, it is
unlikely that the initial fall in blood pressure caused by
Phoneutria nigriventer venom is due to the release of
acetylcholine from autonomic nerve endings in the cardiac
muscle since the muscarinic receptor antagonist atropine
failed to affect this response. We have also ruled out the
possibility that Phoneutria nigriventer venom increases
mean arterial blood pressure by releasing catecholamines
since both a- and B-adrenoceptor antagonists (phenoxy-
benzamine and propranolol, respectively) had no effect on
the Phoneutria nigriventer venom-induced hypertension.

Kinins (bradykinin and Lys-bradykinin) are known to
cause vasodilatation by activating the B, receptor subtype
(Bhoola et al., 1992). Phoneutria nigriventer venom acti-

vates the tissue kallikrein-kinin system in rabbit skin
(Antunes et al., 1993b; Marangoni et al., 1993a, b; Bento
et al., 1995) and rabbit corpus cavernosum (Lopes-Martins
et al., 1994) leading to kinin release. The finding that the
bradykinin B, receptor antagonist Hoe 140 (Wirth et al.,
1991) did not affect Phoneutria nigriventer venom-in-
duced hypotension excludes the possibility that the venom
could be promoting kinin release from the rat plasma.
Platelet-activating factor (PAF) is synthesised by different
cell types and causes profound hypotension (Braquet et al.,
1987). The failure of the PAF receptor antagonist WEB
2086 (Casals-Stenzel et al., 1986) to affect the hypotension
induced by Phoneutria nigriventer venom indicates that
PAF is not involved in this response. Phoneutria nigriven-
ter venom stimulates peripheral endings of sensory C-
fibers in rat skin, triggering the release of vasoactive
neuropeptides such as substance P (Palframan et al., 1995).
However, the finding that both tachykinin NK, (SR
140333) and NK, (SR 48968) receptor antagonists
(Emonds-Alt et al., 1992, 1993) failed to affect the fall in
blood pressure induced by Phoneutria nigriventer venom
indicates that this may be restricted to extravascular ad-
ministration of this venom.

Prostacyclin causes vasodilatation (Moncada et al.,
1976) whereas thromboxane A, (Hamberg et al., 1975)
causes vasoconstriction. Since the cyclooxygenase in-
hibitor indomethacin affected neither the decrease nor the
increase in the blood pressure induced by Phoneutria
nigriventer venom, we conclude that this venom does not
act by stimulating the formation of the above products of
arachidonic acid metabolism. The failure of Phoneutria
nigriventer venom to release either prostacyclin or throm-
boxane A, from guinea pig isolated lungs (Antunes et al.,
1993a) further reinforces this conclusion.

The activation of the renin-angiotensin system leads to
the release of the potent vasoconstrictor peptide an-
giotensin II into the circulation thereby causing hyper-
tension. The results showing that the angiotensin II recep-
tor antagonist losartan (Chiu et al., 1990) had no effect on
the hypertension induced by Phoneutria nigriventer venom
indicate that the venom does not stimulate the release of
angiotensin II. The mechanism by which losartan signifi-
cantly reduced the hypotension induced by Phoneutria
nigriventer venom remains to be elucidated.

Endothelin-1 also induces a biphasic blood pressure
response characterized by a brief vasodilatation followed
by a prolonged vasoconstriction (Yanagisawa et al., 1988).
The vasoconstrictor effect caused by this peptide is medi-
ated mainly by activation of the ET, receptor subtype
(Arai et al., 1990). The failure of the ET, receptor antago-
nist FR 139317 (Sogabe et al., 1993) to affect the changes
in blood pressure induced by Phoneutria nigriventer
venom indicates that the venom acts neither by releasing
endothelin-1 nor through the presence of endothelin-1-like
substances in the venom itself. This contrasts with the
occurrence of endothelin-1-like peptides termed sarafotox-
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ins in the venom of the snake Afractaspis engaddensis
(Bdolah et al., 1989). The initial vasodilatation induced by
endothelin-1 is due to the release of nitric oxide (De Nucci
et al., 1988), a potent vasodilator synthesised by endothe-
lial cells (Furchgott and Zawadzki, 1980). The finding that
the nitric oxide synthesis inhibitor L-NAME (Moore et al.,
1989) had no effect on the vasodilatation induced by
Phoneutria nigriventer venom indicates that the venom
does not release nitric oxide.

The ATP-dependent K* channel blocker glibenclamide
(Cook, 1988; Edwards and Weston, 1990) reduced the
hypotension induced by both cromakalim and Phoneutria
nigriventer venom, indicating that the venom activates
ATP-dependent K* channels. Interestingly, the L-type
Ca®* channel antagonists used in this study also inhibited
the hypotension induced by Phoneutria nigriventer venom.
Whether these antagonists also affect K* channels is yet to
be investigated.

Our results demonstrate that L-type Ca’* channel an-
tagonists such as verapamil (a phenylalkylamine), nifedip-
ine (a dihydropyridine) and diltiazem (a benzothiazepine)
greatly reduce Phoneutria nigriventer venom-induced hy-
pertension, indicating that the venom opens L-type volt-
age-dependent Ca’* channels in vivo. Indeed, Phoneutria
nigriventer toxin PhTX2 increases [Ca**], in rat cortical
synaptosomes by a mechanism dependent on the extracel-
lular Ca?* (Romano-Silva et al., 1993). Since L-type Ca?*
channels are widely distributed in both the cardiovascular
(Spedding and Paoletti, 1992) and the central nervous
(Herbette et al., 1994) systems, further studies are neces-
sary to establish the site activated by Phoneutria nigriven-
ter venom.

The treatment of Phoneutria envenomation in general
is symptomatic, attempting to alleviate the intense and
radiating pain of the affected member. This is achieved
using local anesthetic and /or specific serum therapy (anti-
arachnid serum) if the pain persists (Lucas, 1988). The
severe human envenomation by Phoneutria nigriventer
venom (especially in children) also causes cardiac pertur-
bations characterized by tachycardia and arrhythmias. Since
Ca’* channel blockers have been extensively used in
adults and children for the management of cardiovascular
disorders (Wagner et al., 1982; Porter et al., 1983; Cho and
Pruitt, 1986), our results indicate that it would be worth
investigating whether clinical use of commercially avail-
able Ca’* channel antagonists could attenuate or even
prevent the cardiovascular perturbations and autonomic
disturbances elicited by Phoneutria envenomation.
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