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Veratridine Augments and BDF 9 148 Attenuates the 
Spontaneous Contractile Force of the Rat Portal Vein* 
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Abstract 
Veratridine and BDF 9148 both increase the force of myocardial contraction but their effects on the 
contractility of vascular smooth muscle are largely unknown. We have examined the effects of the drugs on 
the contractile force of the rat portal vein. 

The force responses of the rat portal vein were not altered by tetrodotoxin (5 30 pM) but were augmented by 
Bay K 8644 (10 n w 1 0  p ~ ) ,  and attenuated by nifedipine (10 nM-10 p ~ ) .  Veratridine slightly reduced the 
force of spontaneous contractions at concentrations of 0.1-1 pM, then augmented the force at concentrations up 
to 100 pM. The reduction was prevented by 30 IN tetrodotoxin; a higher concentration of 3 p~ prevented the 
effect of veratridine. Pretreatment with nifedipine at 30 n~ reduced the maximum augmentation observed with 
veratridine. BDF 9148 (0.3-300 pM) attenuated the force and this attenuation was increased in the presence of 
tetrodotoxin at 3 p~ but reversed to an augmentation in the presence of Bay K 8644 at 10 p ~ .  The 
augmentation produced by BDF 9148 in the presence of Bay K 8644 was reduced by tetrodotoxin at 30 m. 

These results suggest that veratridine predominantly opens sodium channels which in turn open voltage- 
dependent calcium channels to augment the force responses of the rat portal vein, but attenuate force in the 
presence of sodium-channel blockade with tetrodotoxin. BDF 9 148 predominantly closes calcium channels to 
attenuate the force of the rat portal vein but in the presence of maximum calcium-channel opening with Bay K 
8644 augments force probably by opening sodium channels. 

The opening and closing of L-type calcium channels is asso- 
ciated with the constriction and dilation, respectively, of blood 
vessels. One blood vessel in which it is easiest to demonstrate 
calcium-channel modulation with drugs is the portal vein, 
where spontaneous contractile activity is augmented and atten- 
uated by calcium-channel openers and blockers, respectively 
(Doggrell 1990). Vascular smooth muscle of various species 
has also been shown to contain sodium channels (Sturek & 
Hermsmeyer 1986; Okabe et a1 1987; Mironneau et a1 1990). 
The role, if any, of sodium channels in the contraction and 
relaxation of vascular smooth muscle is unknown. 

Veratridine is a naturally occurring alkaloid that prolongs 
the cardiac action potential primarily by holding the activation 
gate of the sodium channel open (Honerjager 1982). BDF 9148 
is a new drug that acts on cardiac tissue and reversibly pro- 
longs the opening of sodium channels (Ravens et a1 1991). 
Both compounds increase the force of myocardial contraction. 
The effects of veratridine and BDF 9 148 on the contractility of 
vascular smooth muscle are largely unknown. The aim of this 
study was to characterize the effects of veratridine and BDF 
9148 on a blood vessel. 

Materials and Methods 

Male Wistar rats were stunned and exsanguinated. The portal 
vein was removed and placed in Krebs solution that had been 
oxygenated with 5% C02 in 02. All experiments were per- 
formed in the presence of modified Krebs solution (composi- 
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tion (mM): NaCl, 116; KCl, 5.4; CaC12, 2.5; MgCI2, 1.2; 
NaH2P04, 1.2; NaHC03, 22.0; D-glucose, 1 1.2; Na2EDTA, 
0.04) that was being oxygenated with 5% C02 in O2 at 37°C. 
Contractile responses were recorded isometrically with force- 
displacement transducers (Grass model FT03.C) and displayed 
on a polygraph (Grass model 79B). Experiments involving Bay 
K 8644 and nifedipine were performed in a dark room under 
orange photographic light to prevent drug degradation. 

Four portal veins were studied simultaneously. Each was 
cleared of surrounding tissue and mounted longitudinally 
between two platinum electrodes under 1 g tension in 5 mL 
organ baths containing Krebs solution and left to equilibrate 
for 30 min. During the equilibration period the tissues were 
washed by overflow. The wash was then stopped and the tis- 
sues were left to stabilize for 20 min, during which time the 
spontaneous contractions became similar. Two tissues were 
then cumulatively challenged with tetrodotoxin, Bay K 8644, 
nifedipine, veratridine or BDF 9148 on an 8-min cycle while 
the other two tissues were challenged with the appropriate 
vehicle. Preliminary studies showed that the maximum effects 
of these drugs were obtained within 8 min. Some tissues were 
electrically stimulated (1 ms duration, supramaximal voltage) 
at 0.2-20 Hz for 2 min on an 8-min cycle in the absence or 
presence of tetrodotoxin. 

In some experiments, after the equilibration period, tissues 
were treated with phenoxybenzamine (50 pM) for 30 rnin to 
block m-adrenoceptors and then washed by rapid overflow for 
30 min before being left to stabilize for 20 rnin before chal- 
lenge with drugs or vehicle. When studying the effect of a drug 
in the presence of tetrodotoxin, Bay K 8644, or nifedipine, 
either together or in combination, the tissues were treated with 
Bay K 8644 or nifedipine for 30 rnin before challenge with the 
drug or its vehicle. 
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zi-drug. The force of contractions in the presence of single 
drugs was calculated as a percentage difference from the 
*priate time control. Vehicles of HCI at 5 M or 

at 5 0.02% had no effect on the force of contractions 
of h e  portal vein. Ethanol at > 0.02% attenuated the con- 
mtions, however. The effects of high concentrations of BDF 
9148 (3 x M) in > 0.02% ethanol were calculated as a 
percentage change from the ethanol-treated tissue run in par- 
allel. The force of contraction of one drug in the presence of 
mother, drug A, was calculated as a percentage difference of 
the contractions in the presence of A at the appropriate time. 
For drugs that augmented or attenuated the force responses the 
EC50 and IC50 values, i.e. the molar concentrations of the 
drugs that caused 50% of the maximum augmentation or 
attenuation, respectively, were determined by linear regres- 
sion. 
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Drugs 
The drugs used were (*)-Bay K 8644 (donated by Bayer), 
BDF 9 148 (4-[3-( 1 -diphenylmethylacetidin-3-oxy)-2-hydroxy- 
propoxy]- 1H-indol-2-carbonitrile; donated by Beiersdorf AG), 
phenoxybenzamine hydrochloride (Research Biochemicals 
Incorporated), nifedipine, tetrodotoxin and veratridine 
(Sigma). The stock solutions were veratridine (100 mM in 
100 m~ HCI), Bay K 8644, BDF 9148 and nifedipine (each 
10 mM in absolute ethanol) and phenoxybenzamine (100 mM 
in absolute ethanol containing 10 mM HCI. All dilutions of 
these drugs were in distilled water. 

’ 

’ 

Results 
The rat portal vein has spontaneous contractile activity 
(Fig. 1). 

1 min 
B 

2 Hz 

Effects of tetrodotoxin. Bay K 8644 and nifedipine 
Tetrodotoxin, 0.1-30 pM, alone had no effect on portal vein 
contractile activity (n = 4, data not shown). Electrical stimu- 
lation (1 ms duration, supramaximal voltage) at 0.2-20 Hz for 
2 min had no effect or a small augmenting effect on the force 
of responses and at the higher frequencies of stimulation, 2- 
20 Hz also caused prolongation of the duration of the con- 
tractions (Fig. 1). Tetrodotoxin at 30 IIM abolished the elec- 
trical-stimulation-induced prolongation of contractions (n = 4, 
data not shown). 

Bay K 8644 and nifedipine at 10 m l 0  PM augmented and 
attenuated the force responses (Fig. 2); EC50 and IC50 values 
were 0.30 f 0.04 pM (n =4) and 0.65 f 0.26 pM (n = 6), 
respectively. In the presence of Bay K 8644 at 10 p ~ ,  nife- 
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FIG. 1 .  Contractile activity of portal vein untreated (A) and when 
electrically stimulated at 2 (B) or 20 (C) Hz. 

FIG. 2. The effects of Bay K 8644 and nifedipine on the contractile 
force of the rat portal vein. Top, the effect of Bay K 8644 alone (A); 
bottom, the effect of nifedipine alone (0) and in the presence of Bay K 
8644 at 10 jm (e). Each value is the mean f s.e.m. (n = 3-6). 
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FIG. 3. The effects of veratridine (top) and BDF 9148 (bottom) on the 
contractile force of the rat portal vein. Top, the effect of veratridine 
alone (a) and in the presence of tetrodotoxin at 30 nM (V) or 3 pM 
(m); bottom, the effect of BDF 9148 alone (0) and in the presence of 
tetrodotoxin at 3 p~ (m). Each value is the mean f s.e.m. (n = 4 1  1). 

dipine at 5 1 pM had no effect and at 3-30 pM attenuated the 
force responses (Fig. 2) with an IC50 of 3.2 f 3.5 pM (n = 3). 

Effects of veratridine and BDF 9148 alone 
Veratridine at 0.1-1 pM caused a small significant attenuation 
(P < 0.05), at 3 pM had no effect, and at 10-100 pM aug- 
mented the force of the contractile activity (Fig. 3) with an 
augmentation EC50 of 6.8 * 1.1 p M  (n= 11). BDF 9148 at 
0.3-1 pM had no effect but at 3-300 pM attenuated the force 
with an IC50 of 25 f 14 p~ (n = 6), Fig. 3. None of the effects 
of veratridine and of BDF 9148 was altered by pretreatment of 
the veins with phenoxybenzamine (50 pM for 30 min, n = 4, 
data not shown). 
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FIG. 4. The effects of veratridine (top) and BDF 9148 (bottom) in the 
presence of Bay K 8644. Top, the effect of veratridine in the presence 
of Bay K 8644 at 10 p~ (a); bottom, the effect of BDF 9148 in 
the presence of Bay K 8644 (m) and in the additional presence 
of tetrodotoxin at 30 nh4 (V) or 3 p M  (0). Each value is the 
mean f s.e.m. (n = 4-6). 

Effects of veratridine in the presence of tetrodotoxin. Bay K 
8644 or nifedipine 
The ability of low concentrations of veratridine to attenuate the 
force was abolished in the presence of tetrodotoxin, 30 nM or 
3 pM (Fig. 3). Only tetrodotoxin at 3 p~ (not 30 m) abolished 
the augmenting action of high concentrations of veratridine, 
however (Fig. 3). In the presence of maximum augmentation to 
Bay K 8644 at 10 p ~ ,  veratridine 0.1-30 pM caused a further 
small significant augmentation, P < 0.05 (Fig. 4). Treatment 
with nifedipine at 30 nM for 30 min attenuated the contractile 
force by 50&4% (n=9). In the presence of nifedipine at 
30 nM the attenuating effects of veratridine at 0.1 and 0.3 pM 
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FIG. 5 .  The effects of veratridine in the absence (0) and in 
the presence (0) of nifedipine (3 x 10K8 M). Each value is the 
mean f s.e.m. (n = 9 - 1  1). 

were unaltered (Fig. 5 ) .  The augmenting effects of veratridine 
at 10-100 p~ were, however, reduced in the presence of 
nifedipine (Fig. 5 ) .  

Effects of BDF 9148 in the presence of tetrodotoxin or Bay K 
8644 
The ability of BDF 9148 to attenuate the contractile force of 
the portal vein was not altered by tetrodotoxin at 30 nM (n = 4, 
data not shown) but was significantly increased, P <: 0.05, in 
the presence of tetrodotoxin at 3 pM (Fig. 3). In the presence of 
Bay K 8644 at 10 pM, the lowest concentrations of BDF 9148 
(1-3 pM) continued to attenuate the force whereas the higher 
Concentrations of BDF 9 148 ( 1 W O O  pM) augmented the force 
responses. This augmentation produced by BDF 9148 in the 
Presence of Bay K 8644 was reduced by tetrodotoxin at 30 n~ 
and reversed to an attenuating action by tetrodotoxin at 3 p~ 
(Fig. 4). 

Discussion 

Several subtypes of sodium channel exist; some are tetrodo- 
toxin-sensitive whereas others are not (Grant & Wendt 1992). 
Tetradotoxin alone had no effect on the spontaneous con- 
tractile activity of the portal vein, which suggests that sodium- 
channel opening is not involved in the spontaneous activity 
and also that tetrodotoxin 5 30 p M  has no non-specific effects 
on the portal vein. Electrical stimulation of the rat portal vein 
at frequencies of 2 Hz and above caused prolongation of the 
relaxation phase of the contractions, presumably by initiating 
transmitter-release from nerves (e.g. noradrenaline from nor- 
adrenergic nerves). A low concentration of tetrodotoxin, 
30 JIM, prevented this prolongation, presumably by blocking a 
tetrodotoxin-sensitive sodium channel associated with the 
nerve activity. 

The spontaneous contractile activity of the portal vein is 
associated with the opening and closing of calcium channels 
(Sutter 1990). Bay K 8644 and nifedipine are drugs the pre- 
dominant actions of which are, respectively, to open and close 
calcium channels. In this study, Bay K 8644 and nifedipine 
acted as expected to augment and attenuate, respectively, the 
contractile force of the rat portal vein. In addition the sensi- 
tivity to nifedipine was reduced in the presence of Bay K 8644. 

The primary aim of this study was to characterize the effects 
of veratridine and BDF 9148 on a blood vessel. Activation of 
the noradrenergic nerves of rat portal vein releases nora- 
drenaline to stimulate a-adrenoceptors and augment contractile 
activity; this effect is blocked by phenoxybenzamine. In this 
study phenoxybenzamine did not modify the actions of vera- 
tridine or BDF 9148 on the portal vein. Thus neither of these 
drugs directly or indirectly stimulates portal vein a-adreno- 
ceptors. We have indirect evidence that veratridine and BDF 
9148 may be interacting with sodium and calcium channels on 
the rat portal vein with veratridine probably acting pre- 
dominantly to open sodium channels to cause augmentation, 
whereas BDF 9148 probably acts predominantly to close cal- 
cium channels to produce attenuation of the spontaneous 
contractile activity. Thus, low concentrations of veratridine 
attenuated the contractile force by opening a sodium channel 
that was blocked by a low concentration of tetrodotoxin, and 
high concentrations of veratridine augmented the force by 
opening a sodium channel that was blocked by a high con- 
centration of tetrodotoxin. The augmenting effect of vera- 
tridine is also reduced in the presence of nifedipine, 
presumably because the prolongation of the opening of the 
sodium channels with veratridine initiates the opening of 
voltage-dependent calcium channels, Ca2+ entry into the cells 
and the increase in contractile force. The location of the 
tetrodotoxin-sensitive and tetrodotoxin-insensitive sodium 
channels remains to be determined. 

The most interesting and unexpected finding of this study 
was that BDF 9148, which hitherto has been considered to be 
predominantly a sodium-channel opener, attenuated the force 
responses of the portal vein. Our preliminary studies have also 
shown that BDF 9148 relaxes rat aortae that have been con- 
tracted with KCI. A number of mechanisms could underlie the 
ability of BDF 9148 to attenuate the force and relax blood 
vessels. A previous electrophysiology study (Ravens et a1 
1991) has shown that BDF 9148 blocks calcium channels in 
cardiac cells. Thus it is possible that BDF 9148 is relaxing the 
portal vein by blocking calcium channels. The attenuating 
effects of BDF 9148 and nifedipine were reduced by the pre- 
sence of Bay K 8644 which is supportive evidence that BDF 
9148 may be blocking the portal vein calcium channels. In the 
presence of Bay K 8644, high concentrations of BDF 9148 
caused a small augmentation, which was probably a result of 
the opening of sodium channels, as the effect was reversed by 
tetrodotoxin. 

Positive inotropes and vasodilators are among the standard 
drugs used in the treatment of heart failure. BDF 9148 is being 
developed as a positive inotrope for treatment of heart failure 
(Hoey et a1 1993). The present study suggests that the same 
concentrations of BDF 9148 that open cardiac sodium channels 
to cause a positive inotropic effect are also closing vascular 
calcium channels to initiate relaxation of the portal vein. The 
effects of BDF 9148 on other blood vessels requires exam- 
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ination. The ability of BDF 9148 to act as a positive inotrope 
and to cause some dilation of blood vessels provides this drug 
with potential for the treatment of heart failure. 
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