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Abstract 

We have characterized the receptor(s) mediating contraction and relaxation produced by tachykinins in the rabbit isolated 
jugular vein. The tachykinin NK 1 receptor-selective agonists septide and [Pro9]substance P produced concentration-dependent 
contractions which were potentiated by either the removal of the vascular endothelium ( E m a  x = + 106% and + 72%, respectively) 
or by pretreatment with L-nitroarginine (100/zM; 60 min before) ( E m a  x = + 123% and + 71%, respectively). The tachykinin NK 1 
receptor-selective antagonist, (+)-CP-96,345 ([2-(diphenylmethyl)-N-[(2-methoxyphenyl)-methyl]-l-azabicyclo[2,2,2]octan-3- 
amine]) (10-300 nM) competitively antagonized septide (pK B = 9.0) with 10-fold greater potency than [Prog]substance P 
(pK B = 8.0). In preparations with intact endothelium both septide and [Pro9]substance P (from 0.1 to 100 nM) relaxed the 
noradrenaline-(10 /zM) induced tone, and their effects were markedly reduced by (+)-CP-96,345 (100 nM). In noradrenaline- 
precontracted veins c-nitroarginine (100/xM) reversed the tachykinin-induced vasodilation into a contraction, providing evidence 
for the involvement of nitric oxide in this responsel The tachykinin NK 3 and NK z receptor-selective agonists senktide and 
[/3Ala8]neurokinin A-(4-10) were either ineffective, or produced small effects antagonized by (+)-CP-96,345 (100 nM), 
respectively. In conclusion, tachykinin NK 1 receptors mediate both tachykinin-induced contraction and relaxation in the rabbit 
jugular vein. This preparation, deprived of the endothelium or pretreated with c-nitroarginine, is suitable for evaluating 
tachykinin agonists or antagonists. 
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I. Introduct ion  

Tachykinins are a family of peptides which exert a 
wide variety of biological effects through the stimula- 
tion of three distinct receptor  types, te rmed NK~, N K :  
and NK 3 (Regoli et al., 1989; Guard  and Watson, 1991; 
Maggi et al., 1993). Vasodilatation is one of the most 
prominent  effects elicited by substance P and related 
tachykinins, which produce transient hypotension in 
vivo, and relaxation of precontracted blood vessels in 
vitro (Maggi, 1995, for review). The vasodilator effect 
of tachykinins is transient in nature, undergoes rapid 
desensitization and is strictly dependent  on the pres- 
ence of intact endothel ium (D'Orl6ans-Juste et al., 
1985, 1986; Duckies, 1986; Franco-Cereceda et al., 
1987; McEwan et al., 1988). Early experiments with 
selective tachykinin receptor-selective agonists sug- 
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gested that tachykinin NK 1 receptors, located on en- 
dothelial cells, mediate the vasodilator effects elicited 
by tachykinins (see Maggi et al., 1993, for review). 
Fur ther  studies, using some recently developed 
tachykinin NK 1 receptor-selective antagonists, such as 
CP-96,345 (Constantine et al., 1991; Lembeck et al., 
1992; Rubino et al., 1992), G R  82,334 (Stubbs et al., 
1992; Beattie et al., 1993) and SR 140333 (Emonds-Alt  
et al., 1993; Hall and Brain, 1994), have provided 
conclusive evidence that the tachykinin-induced vaso- 
dilatation and hypotension in vivo require the activa- 
tion of tachykinin receptors of the NK 1 type. In paral- 
lel, the use of inhibitors of nitric oxide generation has 
allowed the identification of nitric oxide as a mediator  
involved in the tachykinin-induced endothelium-de- 
pendent  vasodilation (Whittle et al., 1989; Persson et 
al., 1991; Pacicca et al., 1992; Hall and Brain, 1994). 
Most studies on tachykinin-induced vasodilator effects 
have been either performed in vivo, or on isolated 
arteries from different species, including humans. Con- 
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versely, only few studies have described a relaxant 
effect of substance P on precontracted veins (examples 
are: Edvinsson et al., 1985; McEwan et al., 1988; Mc- 
Cormack et al., 1989; Luu et al., 1992), and neither the 
tachykinin receptor(s) involved, nor the nature of such 
response (direct / indirect)  has been investigated. 

Besides their vasodilator effect, tachykinins produce 
vasoconstriction in certain blood vessels, such as the 
rabbit pulmonary artery deprived of the endothelium 
(D'Orldans-Juste et al., 1986), the rat isolated portal 
vein (Mastrangelo et al., 1987) and the rabbit isolated 
jugular vein (Nantel et al., 1990). In the latter prepara- 
tion, Nantel et al. (1990), by the use of tachykinin 
receptor-selective agonists, suggested that tachykinin- 
induced contractions are mediated only by tachykinin 
receptors of the NK 1 type, and recommended this 
organ as a suitable bioassay for evaluating potential 
tachykinin NK a receptor agonists and antagonists. 
However, we found that, in the rabbit jugular vein, the 
effects of agonists were small, as compared to the 
maximal muscle contractility, and hardly reproducible, 
especial ly when  cons t ruc t ing  cumula t ive  con- 
centration-response curves. Since the possibility that 
tachykinins could exert a muscle relaxant activity in 
this vessel was not explored by Nantel et al. (1990), and 
owing to the interest in studying the effects of 
tachykinins in veins, we decided to re-address the 
question of the motor  responses produced by 
tachykinins in the rabbit isolated jugular vein, and of 
the receptor(s) involved. 

With this aim we tested septide and [Pro9]substance 
P, two agonists reportedly selective for two distinct 
si tes/subtypes of the tachykinin NK~ receptor (Petitet 
et al., 1992; Hall et al., 1994), in either unstimulated or 
precontracted preparations, bearing an intact endothe- 
lium or deprived of it. In addition, we evaluated the 
effect of the tachykinin NK~ receptor-selective antago- 
nist CP-96,345 (Snider et al., 1991) and of the inhibitor 
of nitric oxide generation, L-nitroarginine, on both 
septide and [Pro9]substance P-induced motor re- 
sponses. 

2. Materials and methods 

2.1. General 

Male albino New Zealand rabbits (2.5-3.0 kg) were 
stunned and bled. The jugular veins were removed and 
placed in oxygenated Krebs solution having the follow- 
ing composition: NaC1, 119 mM; NaHCO 3, 25 mM; 
KH2PO4, 1.2 mM; MgSO 4, 1.5 mM; CaC12, 2.5 mM; 
KC1, 4.7 mM and glucose 11 mM. From each pair of 
vessels 4 -6  preparations were obtained: either rings 
with intact endothelium, or circular strips from which 
the vascular endothelium was removed by gently rub- 
bing their intimal surface with a cotton-tip applicator. 

The effectiveness of this manoeuvre was assessed by 
checking the absence of a vasorelaxant response to 
acetylcholine (100 ~M). All preparations were placed 
in 5 ml organ baths, filled with oxygenated (96% 0 2 
and 4% CO 2) Krebs solution containing indomethacin 
(3/xM), at 37°C, and were connected to isotonic force 
transducers (load 3 mN). The experiments commenced 
after a 120 min equilibration period, during which the 
preparations received noradrenaline (10 /xM; every 
30-45 min) and, when the tone raised by noradrenaline 
was stable, acetylcholine 100/zM. 

The contractile responses to the tachykinin NK 1 
receptor-selective agonists septide and [Pro9]substance 
P were studied either in intact or in endothelium-de- 
nuded preparations. Cumulative concentration-depen- 
dent curves to these agonists were constructed before 
and after incubation with L-nitroarginine (100/xM; 60 
min before). Both septide and [Pro9]substance P-in- 
duced contractile responses underwent a prolonged 
desensitization, particulary for those responses elicited 
by [Prog]substance P. For this reason concentration-re- 
sponse curves to septide were repeated after 90 min 
from the first ones, whereas only one concentration-re- 
sponse curve to [Prog]substance P could be constructed 
in each individual preparation, and matched specimens 
of jugular vein from the same animal were used for 
studying the effect of L-nitroarginine and (+)-CP-  
96,345 (see below) on [Pro9]substance P-mediated con- 
tractions. The contractile response to KC1 (80 mM) was 
used as the internal standard for the above experi- 
ments. 

In a separate series of experiments relaxant re- 
sponses to septide, [Pro9]substance P, senktide and 
[/3AlaS]neurokinin A- (4-10)were  studied, in the pres- 
ence of a stable tone raised by noradrenaline (10/xM). 
Owing to the marked desensitization produced, only 
consecutive concentration-response curves for both 
septide and [Prog]substance P could be constructed. 
Experiments aiming to assess the role of endothelium 
in the vasomotor responses to septide and [Pro9]sub - 
stance P were performed on matched preparations 
from the same animal. 

The tachykinin NK~ receptor-selective antagonist 
(+)-CP-96,345 was used to block both vasoconstrictor 
(in endothelium-deprived preparations) and vasodila- 
tor (in preparations with intact endothelium) responses 
to the agonists used. 

All the experiments were performed in the presence 
of a mixture of peptidase inhibitors: thiorphan (10/xM; 
15 rain before), captopril and bestatin (1 /xM each; 15 
min before). 

2.2. Evaluation of data 

Agonist activity was expressed as ECs0, or molar 
concentration of peptide producing 50% of maximal 
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effect. Antagonist affinity was expressed as pK B (nega- 
tive logarithm of the antagonist dissociation constant) 
when 'Schild plot' analysis (Arunlakshana and Schild, 
1959) showed no significant departure from unity slope. 
pK B values were estimated as the means of the indi- 
vidual values obtained with the equation: pK B = 
log[dose r a t i o -  1 ] -  log[antagonist concentration] 
(Kenakin, 1993; Jenkinson, 1991). 

2.3. Statistical analysis 

The values in the text, tables or figures are ex- 
pressed as means +__ 95% confidence limits, or + S.E.M. 
Statistical analysis was performed by means of Student's 
t-test for paired or unpaired data or by means of 
two-way analysis of variance (ANOVA), when applica- 
ble. Regression analysis of log concentration-effect 
curves was performed by the least-squares method, 
considering the curves linear between 20 and 80% of 
the maximal response. 

2.4. Drugs 

(+)-CP-96,345 was synthesized in our laboratories 
as a racemic mixture containing both [(2R,3R)-cis-] 

and [(2S,3S)-cis-] enantiomers of [2-(diphenylmethyl)- 
N-[(2-methoxyphenyl)-methyl]- 1-azabicyclo[2,2,2]octan- 
3-amine], according to the method described by Lowe 
(1990). [/3AlaS]Neurokinin A-(4-10) was synthesized in 
our laboratories, by conventional solid-phase synthesis. 
Other drugs used were: atropine (Serva, Heidelberg, 
Germany), noradrenaline, indomethacin, thiorphan, 
bestatin, captopril and L-nitroarginine (Sigma, St. 
Louis, MO, USA); septide and senktide (Peninsula, St. 
Helens, UK); acetylcholine (Fluka, Buchs, Switzerland). 

[Pro9]Substance P was a generous gift of Dr. S. 
Lavielle, CNRS URA 493, Universit8 Paris VI, Paris, 
France. 

3. Results 

3.1. Effect of  septide and [Pro 9]substance P on unstimu- 
lated jugular vein preparations 

Noradrenaline (10 /xM) produced a contractile re- 
sponse of the rabbit isolated jugular vein, which aver- 
aged 55 + 4% (n = 19) and 64 + 3.5% (n = 19) of the 
maximal contraction produced by KCI (80 mM) in 
intact and in endothelium-deprived preparations, re- 
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Fig. 1. Effect of endothelium removal and L-nitroarginine on the contractions produced by septide and [Pro9]substance P in the rabbit isolated 
jugular vein. Upper  panels: Concentration-response curves for septide in the absence (O)  and after a 60-rain incubation with L-nitroarginine (100 
~M)  (o), in preparations with intact endothelium (upper left panel) or with endothelium removed (upper right panel). Lower panels: 
Concentration-response curves for [Pro9]substance P in the absence (D)  and after a 60-rain incubation with L-nitroarginine (100 /~M) (m), in 
preparations with intact endothelium (lower left panel) or with endothelium removed (lower right panel). Each value in the figure is the 
mean ___ S.E.M. of 5 -7  experiments. 



236 R. Patacchini, CA. Maggi / European Journal of Pharmacology 283 (1995) 233-240 

spectively. Acetylcholine (100 /zM) completely relaxed 
( -94 .5  + 1%; n = 19) noradrenaline-contracted prepa- 
rations with intact endothelium, while it produced a 
further small contraction of endothelium-denuded 
strips (3.7 + 1% of maximal response to KCI; n = 18). 

The tachykinin NK 1 receptor-selective agonists sep- 
t±de and [Pro9]substance P produced concentration-de- 
pendent contractile responses in both intact and en- 
dothelium-deprived preparations (Fig. 1, Table 1), 
which underwent a long-lasting desensitization, partic- 
ulary for those responses elicited by [Pro9]substance P 
(see Materials and methods). Sept±de was about 10-fold 
more potent than [Pro9]substance P, either in intact or 
in endothelium-deprived preparations (Table 1). Re- 
moval of the endothelium from the jugular vein signifi- 
cantly increased the maximal contractions elicited by 
both sept±de and [Pro9]substance P ( E m a  x = +106% 
and +72%, respectively, Table 1), without modifying 
their apparent affinities (EC50 values) for the tachykinin 
NK 1 receptors (Table 1; Fig. 1). L-Nitroarginine (100 
/~M), administered to prevent the generation of en- 
dogenous nitric oxide, produced a slowly developing 
increase of the basal tone of intact preparations (28.8 
+ 3% of maximal response to KC1 (80 mM); n = 12) 
while leaving the tone of endothelium-deprived veins 
unaffected (n = 12). In the presence of L-nitroarginine 
(100 /xM; 60 min before) the responsiveness of intact 
preparations to both sept±de and [Pro9]substance P was 
increased (Emax = +123% and +71%, respectively, 
Table 1), without modification of their apparent affini- 
ties, while the responsiveness of endothelium-denuded 
preparations was unaffected (Table 1; Fig. 1). The 
tachykinin NK 1 receptor-selective antagonist (+)-CP- 
96,345 (10-300 nM; 15 min before) competitively an- 
tagonized septide-(pK13 = 9.0; 95% confidence limits = 
8.7 -9.3) and [Pro9]substance P-(pK B = 8.0; 95% confi- 
dence limits = 7.8-8.1) induced contractions in the en- 
dothelium-deprived jugular vein (Fig. 2), leaving unaf- 
fected the contractile response to noradrenaline (10 
/zM) (108 + 2.5% of the control response; n = 5). 
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Fig. 2. Antagonism by (_+)-CP-96,345 of septide-and [Pro9]substance 
P-induced contractions in the endothelium-deprived rabbit jugular  
vein. Upper  panel: Concentrat ion-response curves for septide in the 
absence (O)  and in the presence of (+)-CP-96,345 10 nM (e), 30 nM 
(11) and 100 nM (A).  Each value is the m e a n ± S . E . M ,  of 3 -4  
experiments.  Lower panel: Concentrat ion-response curves for 
[Pro9]substance P in the absence ([] )  and in the presence of (±) -CP-  
96,345 30 nM (m),  100 nM (e) and 300 nM (A).  Each value is the 
mean  _+ S.E.M. of 3 -4  experiments.  

3.2. Effect of sept±de, [Pro9]substance P, senktide and 
[[3AlaS]neurokinin A-(4-10) on precontracted jugular 
vein preparations 

Both sept±de and [Pro9]substance P were tested for 
their ability to relax preparations precontracted with 
noradrenaline (10 /zM). In the presence of intact en- 

Table 1 
Effect of  L-nitroarginine on tachykinin NK 1 receptor-mediated contractile responses elicited by sept±de or [Pro9]substance P in intact or 
endothel ium-deprived rabbit jugular  vein 

Peptide With endothel ium Without  endothel ium 

Control L-NOArg Control L-NOArg 

ECs0 Emax ECs0 Emax EC50 Emax ECs0 Emax 

Sept±de 2.0 _+ 0.6 30.2 ± 8 1.0 ± 0.2 67.5 _ 4 a 0.4 ± 0.1 62.2 ± 7 b 0.7 ± 0.2 63.7 ± 7 
[Pro9]Substance P 18.0 ± 5 45.9 ± 6 10.1 ± 3 78.5 ± 2 a 5.1 ± 2 79.0 ± 4 c 4.5 ± 1 86.8 ± 5 

Each value in the table is mean  ± S.E.M. of 5 - 7  determinations.  ECs0 = nmolar  concentration of peptide producing 50% of maximal effect. 
Ema x = maximal response expressed as percentage of that to KC1 80 mM. L-NOArg = in the presence of L-nitroarginine (100/zM; 60 min before). 
aSignificantly different from control response: P < 0.01. bSignificantly different from the corresponding response obtained in preparations with 
intact endothel ium: P < 0.05 and cp < 0.01. 
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Fig. 3. Typical tracings showing the effect of septide in the rabbit 
isolated jugular vein precontracted with noradrenaline (10 /xM), in 
one preparation with intact endothelium (upper panel) and in a 
matched one with endothelium removed (lower panel). Maximal 
contraction is that produced by KCI 80 mM. 
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which, at h igher  concen t ra t ions  (10-100  nM), was fol- 
lowed by a de layed  con t rac t ion  (Fig. 3 and Fig. 4). 
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Fig. 4. Effect of endothelium removal on the relaxant effect pro- 
duced by septide and [Pro9]substance P in the precontracted rabbit 
isolated jugular vein. Consecutive concentration-response curves for 
septide (O) and for [Pro9]substance P ([]) are shown in preparations 
with intact endothelium, or in preparations with endothelium re- 
moved (o) and (11), respectively. All preparations were precon- 
tracted with noradrenaline (10 ~zM). Each value is the mean _+ S.E.M. 
of 5-6 experiments. Maximal contraction is that produced by KCI 80 
mM. Maximal relaxation is that obtained by return to basal tone, 
preceding the administration of noradrenaline. * Significantly differ- 
ent from the corresponding response produced in preparations with 
intact endothelium, P < 0.05 and " *P < 0.01. 
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Fig. 5. Inhibition by (+)-CP-96,345 and L-nitroarginine of the relax- 
ation produced by septide and [Prog]substance P in the precon- 
tracted rabbit isolated jugular vein with intact endothelium. Upper 
panel: Relaxation produced by [Pro9]substance P (1 nM) in prepara- 
tions precontracted with noradrenaline (10 /xM), in control experi- 
ments (white columns) and in the presence of (+)-CP-96,345 (100 
nM; 15 min before) (black column) or e-nitroarginine (100 /xM; 60 
min before) (gray column). Lower panel: Relaxation produced by 
septide (1 nM) in preparations precontracted with noradrenaline (10 
/xM), in control experiments (white columns) and in the presence of 
(_+)-CP-96,345 (100 nM; 15 min before) (black column) or L- 
nitroarginine (100/xM; 60 min before) (gray column). Each column is 
the mean+S.E.M, of 5-6 experiments. Maximal contraction is that 
produced by KCI 80 mM. Maximal relaxation is that obtained by 
return to basal tone, preceding the administration of noradrenaline. 
* Significantly different from the control response P < 0.05. 

sharp contrast ,  ne i the r  sept ide  nor  [Pro9]substance P 

were  able to relax strips of  jugular  vein  depr ived  of  the 

endo the l ium:  both  pep t ides  invariably p roduced  a con- 

t ract ion as pr imary  response  (Fig. 3 and Fig. 4). L- 

Ni t roa rg in ine  (100 ~ M ;  60 min  before )  and (_+)-CP- 

96,345 (100 nM; 15 min  be fo re )  were  s tudied against  a 

single relaxing concen t r a t ion  (1 nM)  of  both  sept ide  
and [Pro9]substance P in p repa ra t ions  with intact  en- 

do the l ium p recon t r ac t ed  with no rad rena l i ne  (10 /xM) 
(Fig. 5). (-t-)-CP-96,345 marked ly  r educed  ( - 78 _+ 7%; 

n = 6) the re laxant  effect  of  [Pro9]substance P and 

almost  abol ished ( - 9 9  _+ 1%; n = 6) that  p roduced  by 

sept ide.  L-Nit roarginine  reversed  the  re laxat ion pro-  
duced  by [Pro9]substance P (18 _+ 5% of  maximal  relax- 

ation; n = 5) or  sept ide  (20_+ 5% of  maximal  relax- 
ation; n = 6) into a con t rac t ion  (1.3 _+ 1% and 10.5 _+ 
5% of  maximal  cont rac t ion ,  respect ively)  (Fig. 5). 

T h e  tachykinin N K  2 recep to r - se lec t ive  agonis t  
[ /3AlaS]neurokinin A - ( 4 - 1 0 )  and the tachykinin N K  3 
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receptor-selective agonist senktide were tested in jugu- 
lar vein preparations with intact endothelium, to ascer- 
tain whether other tachykinin receptors may be in- 
volved in producing endothelium-dependent  relax- 
ation. Senktide, up to 1 /zM (n = 4), failed to relax 
a n d / o r  produce additional contractions in prepara- 
tions precontracted with noradrenaline (10 /~M). 
[/3Ala8]Neurokinin A-(4-10) did not affect the tone of 
precontracted veins up to 10 nM (n = 10). [/3Ala8]Neu - 
rokinin A-(4-10) (100 nM) produced, as primary re- 
sponse, a slight relaxation (6.6 _+ 2% of maximal relax- 
ation) in 3 out of 10 preparations tested, while in the 
remaining ones it produced an additional contraction 
( 1 9 . 3 + 7 %  of maximal contraction; n =7) .  (+)-CP-  
96,345 (100 nM; 15 min before) completely suppressed 
[/3Ala8]neurokinin A-(4-10)-induced relaxations (100% 
inhibition; n = 3) and almost completely (89 + 5% inhi- 
bition; n = 4) reduced [/3Ala8]neurokinin A-(4-10)-in- 
duced additional contractions. 

4. Discussion 

In keeping with the results obtained by Nantel et al. 
(1990), the present results, obtained with the tachykinin 
NK1 receptor-selective antagonist (_+)-CP-96,345 
(Snider et al., 1991), show that, in the rabbit jugular 
vein, tachykinins induce a contractile effect through 
activation of tachykinin receptors of the NK 1 type. 

Petitet and coworkers proposed the existence of a 
'septide-sensitive' subtype of the tachykinin NK 1 re- 
ceptor in the guinea-pig ileum, for which septide and 
other tachykinin NK 1 receptor-selective agonists would 
have higher affinity/efficacy than for the 'classical' 
tachykinin NK 1 receptor (Petitet et al., 1992). The 
'septide-sensitive' receptor s i te /subtype has been sub- 
sequently recognized in other tissues from the guinea- 
pig and also from other species by the use of various 
tachykinin NK 1 receptor-selective antagonists which 
have been found to possess higher affinity at this latter 
s i te /subtype than at the 'classical' tachykinin NK 1 
receptor (see Maggi, 1994, for review). 

In our experiments, the greater potency (about 10- 
fold) shown by (_+)-CP-96,345 against septide as com- 
pared to [Pro9]substance P - two agonists reportedly 
selective for two distinct s i tes/subtypes of the 
tachykinin NK~ receptor (Petitet et al., 1992; Hall et 
al., 1994) -provide evidence for the presence of differ- 
ent si tes/subtypes of the tachykinin NK~ receptor in 
the rabbit jugular vein, as shown previously in the 
rabbit iris sphincter muscle (Hall et al., 1994). The 
present results are unable to answer the question 
whether, in the rabbit, the 'septide-sensitive' is a dis- 
tinct receptor protein or a different agonist recognition 
site(s) present on one and the same NK1 receptor 
protein. 

Our experiments on precontracted jugular vein 
preparations show that tachykinins, besides producing 
contraction, are also able to produce a relaxation 
through the activation of tachykinin NK 1 receptors. 
The antagonism exerted by (+)-CP-96,345 against sep- 
tide and [Pro9]substance P-induced relaxations rein- 
forces this conclusion. The tachykinin-mediated relax- 
ation is strictly dependent  on the presence of intact 
endothelium, suggesting that those tachykinin NK~ re- 
ceptors involved in the vasodilator response to 
tachykinins could be located on endothelial cells, as 
has been shown to occur in other vessels, like the pig 
aorta (Saito et al., 1990) or the dog carotid artery 
(Stephenson et al., 1986). The present results provide 
also pharmacological evidence that activation of 
tachykinin NK 1 receptors leads to generation of en- 
dogenous nitric oxide, which in turn relaxes the tone of 
precontracted veins, as demonstrated by the inhibition 
of tachykinin-mediated relaxation exerted by L- 
nitroarginine. It is noteworthy that, in the jugular vein, 
the tachykinin-induced relaxation seems completely 
mediated by endogenous nitric oxide, whereas the same 
is not true for in vivo vasodilation (e.g. Santicioli et al., 
1993) and arterial relaxation (e.g. Pacicca et al., 1992; 
Hoover and Hossler, 1993) whereby tachykinins appear 
to induce generation of other endothelium-derived re- 
laxing factor(s), in addition to nitric oxide, in the arte- 
rial vascular bed (see Maggi, 1995, for further discus- 
sion of this point). 

The  ineffectiveness of the tachykinin NK 3 
receptor-selective agonist senktide to relax a n d / o r  to 
contract the rabbit jugular vein rules out the hypothesis 
that tachykinin NK 3 receptors may participate in the 
motor effects produced by tachykinins in this vessel. 
The  tachykinin NK2 receptor-select ive agonist 
[/3Ala8]neurokinin A-(4-10) produced small relax- 
ations a n d / o r  contractions at a concentration (100 
nM) which may stimulate also tachykinin receptors of 
the NK 1 type (e.g. see Patacchini et al., 1994). This was 
further demonstrated here by the sensitivity of these 
responses to the blocking action of (+)-CP-96,345. 
Thus, tachykinin NK 1 receptors are the only mediators 
of tachykinin-induced vasodilation, as well as vasocon- 
striction, in this vessel. 

The existence of different populations of tachykinin 
NK 1 receptors mediating opposite effects (vasodilation 
and contraction) in the rabbit jugular vein is also 
supported by the observation that either removal of the 
endothelium, or addition of e-nitroarginine, results in a 
greater contractile response to tachykinin NK 1 recep- 
tor-selective agonists. Moreover, the effects of L- 
nitroarginine and endothelium removal were non-ad- 
ditive, indicating that nitric oxide generation, following 
tachykinin NK~ receptor stimulation, occurs exclusively 
in endothelial cells. 

L-Nitroarginine, per se, produced a slowly develop- 
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ing,  e n d o t h e l i u m - d e p e n d e n t  c o n t r a c t i o n  o f  j u g u l a r  v e i n  

p r e p a r a t i o n s ;  a s imi la r  e f fec t ,  e l i c i t ed  by L - n i t r o a r g i n i n e  

i tself ,  o r  by o t h e r  i nh ib i t o r s  o f  n i t r i c  ox ide  f o r m a t i o n ,  

has  b e e n  n o t e d  a lso  in c e r t a i n  m a m m a l i a n  a r t e r i e s  
( R e e s  e t  al.,  1989; P a c i c c a  e t  al., 1992) a n d  a r t e r i o l e s  

(Ha l l  a n d  Bra in ,  1994), a n d  m a y  b e  a c c o u n t e d  fo r  by a 

t on i c  o r  r e s t i ng  r e l e a s e  o f  n i t r i c  ox ide ,  w h i c h  c o u l d  

c o n t r i b u t e  to  t h e  basa l  t o n e  o f  th is  vesse l  in situ. 
F r o m  a m e t h o d o l o g i c a l  p o i n t  o f  v iew,  w e  f o u n d  t h a t  

f o l l o w i n g  r e m o v a l  o f  t h e  e n d o t h e l i u m ,  o r  p r e t r e a t m e n t  

w i t h  L -n i t roa rg in ine ,  r e p r o d u c i b l e  c o n c e n t r a t i o n - r e -  

s p o n s e  c u r v e s  to  t h e  agon i s t s  c a n  be  eas i ly  c o n s t r u c t e d  

in th is  p r e p a r a t i o n ,  m a k i n g  it a use fu l  b ioas say  for  

e v a l u a t i n g  c o m p o u n d s  w i t h  a g o n i s t / a n t a g o n i s t  ac t iv i ty  

at  t h e  t a c h y k i n i n  N K  1 r e c e p t o r .  

In  c o n c l u s i o n ,  th is  s tudy  p r o v i d e s  e v i d e n c e  t h a t  

t a c h y k i n i n s  p r o d u c e  e n d o t h e l i u m - d e p e n d e n t  re lax-  

a t ions  a lso  in ve ins ,  t h r o u g h  a c t i v a t i o n  o f  t a c h y k i n i n  

N K  1 r e c e p t o r s .  I n  t h e  r abb i t  j u g u l a r  v e i n  this  e f f e c t  is 

sens i t ive  to  L - n i t r o a r g i n i n e  p r e t r e a t m e n t ,  imp ly ing  a 

ro l e  fo r  n i t r i c  ox ide ,  r e l e a s e d  f r o m  e n d o t h e l i a l  ceils,  as 

t h e  e n d o g e n o u s  m e d i a t o r  o f  t a c h y k i n i n - i n d u c e d  va sod i -  

l a t ion .  F u r t h e r m o r e ,  t h e  p r e s e n t  r e su l t s  s h o w  tha t ,  in 

t h e  r abb i t  i s o l a t e d  j u g u l a r  ve in ,  t a c h y k i n i n s  p r o d u c e  a 

d u a l  e f f ec t  - r e l a x a t i o n  a n d  c o n t r a c t i o n  - t h r o u g h  

a c t i v a t i o n  o f  t h e  s a m e  r e c e p t o r  type  - t h e  t a chyk in in  

N K  x - l ikely  l o c a t e d  o n  d i f f e r e n t  t a r g e t  cells:  s m o o t h  

m u s c l e  vs. e n d o t h e l i u m .  T h e  r e s u l t i n g  v a s o m o t o r  e f f e c t  

o f  t a c h y k i n i n s  at  th is  l eve l  is d e p e n d e n t  o n  t h e  t o n e  o f  

t h e  vesse l .  O n  t h e  basis  o f  t h e s e  resu l t s ,  it m a y  be  

s p e c u l a t e d  t h a t  e n d o g e n o u s  t achyk in ins ,  loca l ly  re-  

l ea sed ,  m i g h t  c o n t r i b u t e  to  c o n t r o l  o f  b l o o d  f low in t h e  

v e n o u s  v a s c u l a r  b e d .  
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