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Abstract 

The in vitro effects of endothelin-1 on cerebral veins were studied using cylindrical segments, 5 mm long, from dog pial veins. 
Isometric responses to endothelin-1 (10-12-10 -7 M) and to the endothelin ET B receptor agonist, IRL 1620 (Suc- 
[Glu9,Ala11' lS]endothel in-l-(8-21),  1 0 - 1 2 - 1 0 - 7  M), were recorded in veins under control conditions and pretreated with the 
endothelin ET A receptor antagonist, BQ-123 (cyclo-(D-Asp-Pro-D-Val-Leu-D-Trp), 10-8-10 -5 M), and the endothelin ET B 
receptor  antagonist,  BQ-788 (N-[N-[N-[(2~6-dimethy~-~-piperidiny~)carb~ny~]-4-methy~-L-~eucy~]-~-(meth~xycarb~ny~)-~- 
tryptophyl]-o-norleucine monosudium, 10 -6  and 10 -5 M). The response to endothelin-1 was also recorded in veins pretreated 
with the nitric oxide synthesis inhibitor, NG-nitro-e-arginine methyl ester (L-NAME, 10 -4 M), or the cyclooxygenase inhibitor, 
meclofenamate (10 -5 M), and in veins without endothelium or placed in medium without Ca 2+ but with EDTA (0.1 mM). In 
control veins, endothelin-1 produced a concentration-dependent contraction (ECs0 = 2.0 x 10-10 M; maximal contraction = 113 
+ 6 mg) and IRL 1620 induced no effects or a small contraction only with high concentrations ( 1 0 - 8 - 1 0  -6  M) (EC50 = 1.5 × 10 -8 
M; maximal contraction = 9 + 3 mg). BQ-123 shifted the response to endothelin-1 to the right in a parallel, concentration-depen- 
dent way, whereas BQ-788, L-NAME or meclofenamate did not modify the response to endothelin-1. Compared with the 
control, veins in a medium without Ca 2+ had similar EC50 values, but a lower maximal contraction induced by endothelin-1 
(57 + 10 mg, P < 0.05), and veins without endothelium exhibited similar ECs0 values. Thus, endothelin-1 produces marked 
cerebral venoconstriction that could be mainly mediated by activation of endothelin ET A receptors, may be dependent on 
extracellular Ca 2+, and may be independent of endothelium, nitric oxide and prostanoids. 
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I.  Introduction 

Endo the l in -1  and  its i sopep t ides ,  endo the l in -2  and  
endo the l in -3 ,  a re  21-amino  acid  r e s idues  tha t  have a 
p o t e n t  and  p r o l o n g e d  vasocons t r i c to r  effect .  T h e  ef- 
fects  o f  these  endo the l i n s  s eem to be  m e d i a t e d  by at  
leas t  two dis t inct  types  of  r ecep to rs :  the  endo the l i n  
E T  A recep to r ,  which  has  a h igher  aff ini ty for  e n d o t h e -  
lin-1 and  endo the l in -2  than  for  endo the l in -3  ( A r a i  et  
al., 1990), and  the  endo the l i n  E T  B recep to r ,  which  has 
s imi lar  aff ini ty for  these  t h ree  i sopep t ide s  (Sakura i  et  
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al., 1990). Va r ious  p r o c e d u r e s  have d e m o n s t r a t e d  tha t  
bo th  e ndo the l i n  E T  A and  E T  B recep to r s  a re  loca ted  in 
smoo th  muscle  cells and  can m e d i a t e  the  vascular  
con t rac t ion  in r e sponse  to endothe l in -1 ,  a l though  the  
re la t ive  con t r ibu t ion  of  these  r ecep to r s  may  vary be-  
tween  vascular  beds ,  and  b e t w e e n  a r te r ies  and  veins 
( I h a r a  et  al., 1992; M o r e l a n d  et  al., 1992; W a r n e r  et al., 
1993; A u g u e t  et  al., 1993; G r a y  et  al., 1994). I t  has  
b e e n  also sugges ted  tha t  endo the l in  E T  B receptors ,  
l oca t ed  in the  endo the l ium,  can  also m e d i a t e  vasodi la -  
t a t ion  in r e sponse  to endo the l in -1  (Sakura i  et  al., 1990). 
W i t h  r ega rd  to mechan i sms  involved in the  vascular  
effects  of  endo the l in -1 ,  t he re  a re  d a t a  suggest ing tha t  
the  vasocons t r ic t ion  may  be  m e d i a t e d  by influx of  
ex t race l lu la r  Ca  2+ (Yanag i sawa  et  al., 1988) and  tha t  
the  vasod i l a t a t ion  may  be  m e d i a t e d  by re lease  of  ni t r ic  
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oxide from the endothelium (Rigel and Lappe, 1993) or 
prostacyclin (De Nucci et al., 1988). 

The cerebral vasculature also appears to be sensitive 
to endothelin-1 as most of data about this issue show 
that this peptide produces marked cerebral vasocon- 
striction in vitro (Yanagisawa et al., 1988; Garcia et al., 
1991b) and in vivo (Armstead et al., 1989; Di6guez et 
al., 1992; Garcla et al., 1991a). These observations, 
together with data showing that the concentrations of 
endothelin-1 are about seven times higher in cere- 
brospinal fluid than in plasma of humans (Hoffman et 
al., 1989), and plasma concentrations of this peptide 
are elevated in patients with cerebral vasospasm after 
subarachnoid haemorrhage (Masaoka et al., 1989), sug- 
gest that this peptide could be involved in the regula- 
tion of the cerebral circulation and in the pathophysiol- 
ogy of some cerebrovascular abnormalities. It has been 
reported that cerebral vasoconstriction caused by en- 
dothelin-1 is mediated by endothelin ET A receptors 
(Salom et al., 1993), is endothelium-independent 
(Garcla et al., 1991b) and is dependent  on extracellular 
Ca 2+ (Garcia et al., 1991b). 

Experiments for studying the effects of endothelin-1 
on the cerebral circulation have been done mainly with 
the arterial bed, and there are very few studies 
analysing its effects on cerebral veins (Hardebo et al., 
1989; Robinson and McCulloch, 1990). One of these 
studies (Robinson and McCulloch, 1990) showed that 
the sensitivity of cerebral veins to endothelin-1 is 
slightly higher, whereas the other (Hardebo et al., 
1989) indicates that it is lower than that of cerebral 
arteries. The endothelin receptors and mechanisms of 
action involved in the cerebral venoconstriction caused 
by endothelin-1 have not yet been explored to our 
knowledge. In the present study and using pharmaco- 
logical procedures we investigated endothelin recep- 
tors (ET A and ETB), as well as the role of some 
possible mediators (nitric oxide, prostanoids, extracel- 
lular Ca2+), involved in the cerebral venoconstriction 
induced by endothelin-1. We have used endothelin-1 
and IRL 1620, a specific endothelin ET B receptor 
agonist (Takai et al., 1992), as agonists for activating 
endothelin receptors. BQ-123, a specific endothelin 
ET A receptor antagonist (Ihara et al., 1992), and BQ- 
788, a specific endothelin ET B receptor antagonist 
(Ishikawa et al., 1994), were used for testing the antag- 
onism of the agonist-induced response of veins. 

tamiento de Madrid, Spain), were anaesthetised by i.v. 
injection of sodium pentobarbital (50 m g /k g  body 
weight) and killed by intracardiac injection of suxa- 
methonium chloride (10 mg/kg).  The brain was then 
removed and placed into isotonic saline (NaC1 0.9%) 
on ice, and both brain basalis veins (pial veins), care- 
fully dissected, were cut into cylindrical segments 5 mm 
in length and about 1 mm in external diameter. Each 
vein segment was prepared for isometric tension 
recording in a 6-ml organ bath containing modified 
Krebs-Henseleit solution with the following composi- 
tion (millimolar): NaC1, 115; KC1, 4.6; KH2PO4, 1.2; 
MgSO4, 1.2; CaC12, 2.5; NaHCO3, 25; glucose, 11.1. 
The solution was equilibrated with 95% oxygen and 
5% carbon dioxide to give a pH of 7.3-7.4, and the 
temperature was held at 37°C. Briefly, the method 
consists of passing two fine, stainless steel pins, 150 
Izm, through the lumen of the vein segment. One pin 
was fixed to the organ bath wall while the other was 
connected to a strain gauge, thus permitting the appli- 
cation of passive tension in a plane perpendicular to 
the long axis of the vascular cylinder. The recording 
system included a Universal Transducing Cell UC3 
(Statham Instruments), a Statham Microscale Acces- 
sory UL5 (Statham Instruments) and a Beckman Type 
RS Recorder  (model R-411, Beckman Instruments). A 
resting tension of 150 mg was applied and the venous 
segments were allowed to equilibrate for 40-60 min 
before any drugs were added. We selected this resting 
tension because it represents an effective transmural 
pressure of 3 -4  mm Hg, which is in the physiological 
range for transmural pressure in cerebral veins (Auer 
and MacKenzie, 1984). The experimental arrangement 
enabled the wall tension and the internal circumfer- 
ence length of the vessel to be controlled, and assum- 
ing that the venous wall was sufficiently thin for 
Laplace's equation to apply, the effective transmural 
pressure (P )  under applied resting tension was deter- 
mined. The Laplace equation is, 

P = 27rT/L  

where T, venous wall tension is the circumferential 
wall force per unit length given by F / 2 g .  F is the 
force applied to the tissue under resting conditions, 
and g is the vascular segment length. L, the internal 
circumference length corresponding to a wall tension 
T, was calculated by using the formula 

2. Materials and methods 

2.1. Tissue preparation 

36 mongrel dogs of either sex, weighing 15-23 kg, 
provided by the Centro de Protecci6n Animal (Ayun- 

L = d(2 + 7r) = 1l 

where d is the diameter of the pins and l is distance 
between the inner edges of the pins measured by 
displacement of the micrometer head. The wall ten- 
sion, T, was calculated in m g / m m  and transmural 
pressures, P, in m g / m m  2. To calculate P in mm Hg 
the values in m g / m m  2 were divided by 13.6. 
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2. 2. Experimental protocol 

The responses of venous segments to endothelin-1 
(10-12-10 -7 M) and to I R L  1620 (specific endothelin 
ET  B receptor  agonist, 10-12-10 -7 M) were deter- 
mined in a cumulative manner  in the veins immersed 
in the Krebs-Henselei t  solution under  control condi- 
tions and in the presence of the specific endothelin 
ET  A receptor  antagonist, BQ-123 (10-8-10  -5 M), or of 
the specific endothelin ET B receptor  antagonist, BQ- 
788 (10 -6 and 10 -5 M). As the vein response to I R L  
1620 was very small, the response to only endothelin-1 
was also obtained in the presence of the inhibitor of 
nitric oxide synthase, N~-nitro-L-arginine methyl ester 
(L-NAME, 10 -4 M), and of the inhibitor of cyclooxy- 
genase, meclofenamate  (10 -5 M). The response to 
endothelin-1 was also recorded in veins placed in the 
organ bath containing Krebs-Henselei t  solution with- 
out Ca 2+. This solution was as indicated above, except 
that it did not contain CaC12 and did contain 
N a 2 K 2 E D T A  (0.1 mM). The veins remained immersed 
in this solution without Ca 2+ during the equilibration 
period (40-60 min) and during testing. BQ-123, BQ- 
788, L-NAME,  or meclofenamate  was added to the 
organ bath 20-30 min before endothelin-1 or I R L  1620 
was applied to the tissues. 

In another  group of experiments the response to 
endothelin-1 was recorded in veins where the endothe- 
lium had been removed by gently rubbing their luminal 
surface. Morphological examination of these rubbed 
veins at the end of the experiments by direct observa- 
tion after en face silver staining of their luminal sur- 
face, revealed that these veins had less than 5% of 
their intima covered with endothelium. Using this mor- 
phological technique we also found that, at the end of 
the experiments, the control veins showed more than 
50% of their intima covered with endothelium. 

In vein segments precontracted with endothelin-1 
(10 -8 M) (n = 5), or with noradrenaline (10 -5 M) 
(n = 4), acethylcholine (10-7-10  -4 M) did not produce 
any relaxant effect but produced a concentration-de- 
pendent  contraction (ECs0 = 4.4 × 10 -6 M, maximal 
effect = 26 + 3 mg). This contractile effect was ob- 
served both in veins considered as controls ( >  50% of 
endothel ium preserved) and in veins pre t rea ted  with 
L-NAME (10 -4 M) or with meclofenamate  (10 -5 M). 
As previous studies suggested that the venous endothe- 
lium does not appear  to mediate  the venous response 
to acethylcholine (Garcia-Villal6n et al., 1993; Rubanyi 
and Vanhoutte,  1988; Seidel and LaRochelle,  1987), it 
is probable that the venous response to acetylcholine is 
not a suitable functional test for evaluating the activity 
of venous endothelium. For this reason, only the mor- 
phological test was used to evaluate the presence or 
the absence of endothelium in the vein segments stud- 
ied. 

To have a reference for the vein contraction in 
response to stimuli different from endothelin-1 in our 
system, we also recorded the effects of noradrenaline 
(10-8-10  -3 M) on a group of vein segments; the veins 
were pre t rea ted  with propranolol  (10 -6 M) to block 
/3-adrenoceptors. In some vein preparations,  the ability 
of BQ-123 (10 -5 M) to block the response to nor- 
adrenaline was also tested. 

All drugs used in this study were prepared  in physio- 
logical saline 

2.3. Data analysis 

The concentration of endothelin-1 causing 50% of 
the maximal response (ECs0) was calculated by non- 
linear regression analysis for each vein segment, and 
the geometrical mean and 95% confidence interval of 
the ECs0 were calculated for each group of experi- 
ments, pA 2 values for BQ-123 were determined by 
Schild analysis (Arunlakshana and Schild, 1959). The 
data, expressed as means _+ S.E.M., were evaluated by 
analysis of variance followed by Dunnet t ' s  test to com- 
pare each experimental  condition with its control. In 
each case, P < 0.05 was considered statistically signifi- 
cant. 

2.4. Chemicals 

Drugs used were: endothelin-1 (human, porcine) 
and I R L  1620 (Suc-[Glu9,Ala11,1S]endothelin-1-(8-21)) 
from Peninsula Laboratories Europe;  BQ-123 (cyclo- 
(D-Asp-Pro-D-Val-Leu-D-Trp)) from Nova-Biochem; 
BQ-788 ( N-[ N-[ N-[(2,6-dimethyl-l-piperidinyl)- 
carbonyl]-4-methyl-L-leucyl]- 1-(methoxycarbonyl)-D- 
tryptophyl]-D-norleucine monosudium) from Research 
Biochemicals International;  NG-nitro-L-arginine methyl 
ester (L-NAME),  noradrenaline ( (+) -norepinephr ine  
hydrochloride) and propranolol  hydrochloride from 
Sigma, and sodium meclofenamate from Parke Davis. 

3. Results 

3.1. Control conditions 

Endothelin-1 (10-12-10 -7 M) produced a slowly 
developing and then sustained contraction, which was 
concentrat ion-dependent  in every vein segment tested 
(Figs. 1 and 2A,B). For 31 vein segments, the ECs0 
values were 2.0 × 10-10 M (95% confidence interval: 
1.2 × 10-1°-3.3 × 10-~0 M) and the maximal contrac- 
tion was 113 _+ 6 mg. 

I R L  1620 (10-11-10 -6 M), a specific agonist for 
endothelin ET B receptors, produced no effects, or a 
small contraction only when higher concentrations were 
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Fig. 1. Representative recordings showing the effects of endothelin-1 
and IRL 1620 on segments of canine cerebral veins under control 
conditions. 

app l i ed  ( 1 0 - 8 - 1 0  -6  M)  ( Figs.  1 and 2C,D).  F o r  14 
ve in  segments ,  the  ECs0 va lues  were  1.5 x 10 -8  M 
(95% conf idence  interval :  7.2 x 1 0 - 9 - 3 . 1  x 10 -8  M) 
and  the  maximal  con t r ac t ion  was 9 + 3 mg. 

N o r a d r e n a l i n e  ( 1 0 - 8 - 1 0  -3  M), t e s t ed  in n ine  vein 
segmen t s  p r e t r e a t e d  with p r o p r a n o l o l  (10 -6  M), p ro-  
d u c e d  a con t rac t ion  tha t  was c o n c e n t r a t i o n - d e p e n d e n t  
f rom 10 -8  to 10 -5 M, and  was not  fu r the r  inc reased ,  
o r  even was d e c r e a s e d  when  h igher  concen t r a t ions  
were  a p p l i e d  ( 3 ×  1 0 - 5 - 1 0  -3  M). In  the  concen-  
t r a t i o n - r e s p o n s e  curve for  1 0 - 8 - 1 0  -5 M n o r a d r e n a -  
l ine,  the  maximal  con t r ac t ion  was 55 + 7 mg  and  the  

ECs0 va lues  were  3.1 x 10 7 M (95% conf idence  in ter -  
val: 2.4 x 1 0 - 7 - 4 . 1  x 10 -7  M). 

3.2. Effects o f  endothelin E T  A and E T  n receptor antago- 
nists 

T h e  specif ic  an tagon i s t  for  endo the l in  E T  A recep-  
tors,  BQ-123 ( 1 0 - 8 - 1 0  - s  M), and  the  specif ic  an tago-  
nist  for  endo the l in  E T  B recep tors ,  BQ-788 (10  - 6  and  
10 -5 M), themse lves  d id  not  induce  changes  in res t ing 
t ens ion  of  the  veins. 

BQ - 123 p r o d u c e d  c o n c e n t r a t i o n - d e p e n d e n t ,  r ight-  
ward  pa ra l l e l  d i sp l a c e me n t  of  the  concen t r a t ion - re -  
sponse  curve to endo the l in -1  (Fig. 2A). Schild analysis  
of  BQ-123 an tagon i sm y ie lded  a p A  2 va lue  of  7.64 
(s lope  of  0.84) agains t  endothe l in -1 .  Analys i s  of  the  
regress ion  l ine showed that  the  s lope  va lue  was not  
s ignif icant ly d i f fe ren t  f rom unity. This  an tagonis t ,  how- 
ever,  d id  not  s ignif icant ly modi fy  the  concen t r a t i on - r e -  
sponse  curve for  n o r a d r e n a l i n e  in 11 vein  segments  
(not  shown).  

BQ-788 d id  not  s ignif icant ly modify  the  ECs0 values  
or  the  maximal  r e sponse  of  the  c onc e n t r a t i on - r e sp onse  
curve for endothe l in -1  (Fig. 2B). 

BQ-123 (seven vein segments )  and  BQ-788 (8 vein 
segments )  d id  not  affect  e i the r  the  ECs0 values  or  the  
maximal  r e sponse  to I R L  1620 (Fig. 2C,D).  

3.3. Effects of  L-name, meclofenamate and endothelium 
removal 

A d d i t i o n  of  L - N A M E  (10 -4  M) (eight  venous  seg- 
ments )  or  m e c l o f e n a m a t e  (10 -5 M)  (nine  venous  seg- 
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Fig. 2. Concentration-response curves for endothelin-1 (top) and for IRL 1620 (bottom) obtained in canine cerebral veins. Top, for endothelin-1 
in veins (A) under control conditions (o) and treated with BQ-123 10 s M (e), 10 7 M (t3), 10 6 M (A) and 10 -5 M (v) ,  and (B) under 
control conditions (0) and treated with BQ-788 10 - 6  M (e) and 10 5 M (D). Bottom, for IRL 1620 in veins (C) under control conditions (O) 
and treated with BQ-123 10 -6 M (e), and (D) under control conditions (o) and treated with BQ-788 10 -5 M (e). Values are means + S.E.M. for 
six to nine vein segments in each case. 
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ments) neither altered the resting tension of the vein 
segments, nor affected the maximal response or ECs0 
values for endothelin-1 in the vein segments tested 
(Fig. 3A, B). 

In seven vein segments after endothelium removal 
the ECs0 values were not significantly altered (P  > 
0.05), but the maximal contraction with endothelin-1 
was reduced by 35% (70 + 9 vs. 108 + 14 mg, P < 0.05), 
in comparison to that obtained in the veins considered 
as controls (Fig. 3C). 

3.4. Effects of C a  2 + free solution 

In the presence of Krebs-Henseleit  solution without 
Ca 2÷ but with N a 2 K 2 E D T A  (0.1 mM), endothelin-1 
also produced a slowly developing then sustained con- 
traction that was concentrat ion-dependent  in the eight 
vein segments tested. In this case, however, the maxi- 
mal contraction was reduced about 40% (P  < 0.01), 
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Fig. 3. Concentration-response curves for endothelin-1 obtained in 
canine cerebral veins: (A) under control conditions (0)  and treated 
with 10 -4 M L -NAME (e), (B) under control conditions (0)  and 
treated with 10 -5 M meclofenamate (e) and (C) under control 
conditions (0)  and after endothelium removal (e). Values are means 
+ S.E.M. for seven to nine vein segments in each case. * P < 0.05 
compared with its control. 
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Fig. 4. (A) Representative recording showing the effects of endothe- 
lin-1 on one segment of canine cerebral veins placed in a Ca2+-free 
solution with EDTA 0.1 mM. At right (T Ca a +) the effect produced 
by the addition of Ca a+ (2.5 mM) to the bath containing Ca2+-free 
solution and endothelin-1 is shown. (B) Concentration-response 
curves for endothelin-1 in the veins under control conditions (0 )  and 
placed in a Ca2+-free solution with EDTA 0.1 mM (e). Values are 
means + S.E.M. for seven to eight vein segments. * P < 0.01. 

whereas the ECs0 values were not significantly modi- 
fied with regard to the control conditions (Fig. 4A,B)). 

4. D i s c u s s i o n  

The results of our study showed that endothelin-1 
produces marked cerebral venoconstriction, and sug- 
gest that this endothelin-l-induced venoconstriction is 
mainly mediated by activation of endothelin ET A re- 
ceptors. 

When we compare the present data for dog cerebral 
veins with results from our laboratory for cerebral 
arteries of the same species (Garcla et al., 1991b), it is 
apparent that cerebral veins exhibit about 34 times 
more sensitivity, considering the ECs0 values, and a 
much lower maximal response (about 25 times), than 
cerebral arteries. The lower maximal contraction of 
cerebral veins is probably because their wall has a 
lower content of smooth muscle than that of cerebral 
arteries. We also found that cerebral veins showed a 
higher sensitivity (about 1100 times) and maximal con- 
traction (about 2 times) in response to endothelin-1 
than to noradrenaline, suggesting that they have a 
relatively high reactivity to this peptide. Studies by 
others also show that cerebral veins constrict in situ 
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(Robinson and McCulloch, 1990) and in vitro (Hardebo 
et al., 1989) and in one of these studies (Robinson and 
McCulloch, 1990) it was shown that cat cerebral veins 
are slightly more sensitive than cerebral arteries to 
endothelin-1. Therefore,  the effects of endothelin-1 on 
cerebral veins should be considered for an overall 
understanding of the regulation of cerebral circulation 
by this peptide.  As cerebral veins are the main deter- 
minants of cerebrovascular capacitance and intracra- 
nial blood volume, the effects of endothelin-1 on cere- 
bral veins may be of significance in controlling in- 
tracranial blood volume and pressure, specially in those 
situations such as subarachnoid haemorrhage  (Masaoka 
et al., 1989), where plasma concentrations of this pep- 
tide are elevated. 

Other  venous beds such as the jugular, saphenous 
and omental  of different species also contract with 
endothelin-1. In terms of the ECs0 values the results 
suggest that cerebral  veins of  the dog (present study) 
are more sensitive to endothelin-1 than the saphenous 
vein from the rabbit, dog and monkey (Moreland et al., 
1992) and the human omental  veins (Riezebos et al., 
1994), and have a sensitivity similar to that of the 
rabbit jugular vein (Sumner et al., 1992). 

To our knowledge there are no previous studies 
determining the type of endothelin receptor,  ET A and 
ET B, involved in the contraction of cerebral veins in 
response to endothelin-1. The data herein indicate that 
endothelin-1 produces marked cerebral venoconstric- 
tion, whereas the endothelin ET~ receptor  agonist, 
I R L  1620, induced a very small contraction of cerebral 
veins. The results also showed that the sensitivity of  
dog cerebral veins, in terms of the ECs0 values, is 
about 75 times higher for endothelin-1 than for I R L  
1620. We observed that the endothelin ET A receptor 
antagonist, BQ-123, induced a parallel and concentra- 
t ion-dependent  rightward shift of the concentration-re- 
sponse curve, without depressing the maximal contrac- 
tion in response to endothelin-1, and that BQ-123 
failed to block the venoconstriction induced by nor- 
adrenaline. The concentrat ion-response curve for en- 
dothelin-1, however, was not modified by the endothe- 
lin ET  R receptor  antagonist, BQ-788. Together,  these 
data suggest that the endothelin ET A, rather  than the 
endothelin ET  B, receptor  subtype mediates the cere- 
bral venoconstriction in response to endothelin-1, and 
that BQ-123 is a competitive antagonist for endothelin- 
1-induced cerebral  venoconstriction as occurs in other 
vessels ( Ihara  et al., 1992; Salom et al., 1993). Further  
evidence for competitive antagonism by BQ-123 was 
provided by analysis of the slope of the Schild plot 
which was not significantly different from unity (slope 
= 0.84). In our study we found that the pA 2 value for 
BQ-123 in dog cerebral veins was 7.64, which is compa- 
rable to that found in goat cerebral arteries (Salom et 
al., 1993) as well as other arterial (Riezebos et al., 

1994) and venous (Riezebos et al., 1994; Lodge and 
Halaka, 1993) beds. Under  our experimental condi- 
tions, we observed that the cerebral venoconstriction in 
response to I R L  1620 was present  only when relatively 
high concentrations of this endothelin ET B receptor 
agonist were applied, and that it was not affected by 
BQ-123 or BQ-788. This suggests that high concentra- 
tions of I R L  1620 may induce cerebral venoconstric- 
tion which is not probably mediated by endothelin ET A 
and ET B receptors. 

Most available studies about venous reactivity to 
endothelin-1 have been performed with saphenous and 
jugular vein preparations,  and most of the results re- 
ported show that the endothelin ET B receptor subtype 
is the main mediator  for constriction of these veins in 
response to this peptide (Moreland et al., 1992; Sum- 
ner et al., 1992; Lodge and Halaka, 1993; Auguet  et al., 
1993; Gray et al., 1994). Some of these studies suggest, 
however, that the endothelin ET A receptor subtype is 
also involved, although to a minor degree, in the veno- 
constriction induced by endothelin-1 (Moreland et al., 
1992; Auguet  et al., 1993; Gray et al., 1994). On the 
other hand, results of studies with human omental  
veins (Riezebos et al., 1994) and rat mesenteric veins 
(D'Orl6ans-Juste et al., 1993) suggest that the venocon- 
striction caused by endothelin-1 is mainly mediated by 
endothelin ET  A receptors. All these findings suggest 
that the relative contribution of endothelin receptors, 
ET A and ETB, to the venoconstriction with endothelin-1 
may differ between vascular beds and perhaps species, 
a phenomenon that, according to the literature, also 
seems to occur between arterial beds. 

With regard to mechanisms of action, results of 
studies performed with cerebral (Jansen et al., 1989; 
Saito et al., 1989) and non-cerebral (Yanagisawa et al., 
1988; Eglen et al., 1989) arteries suggest that endothe- 
lin-1 induces contraction by influx of extracellular Ca 2 +. 
The present data suggest that, in cerebral veins, the 
contraction induced by endothelin-1 depends, at least 
in part,  on the concentration of extracellular Ca 2+ as 
the veins placed in a Ca2+-free medium exhibited a 
lower contraction with each concentration of endothe- 
lin-1 than those placed in normal Ca 2+ medium. Thus, 
endothelin-1 may induce cerebral venoconstriction in 
part  by activating the influx of extracellular Ca 2+ into 
the smooth muscle cells of veins, as may occur in 
cerebral arteries from the same species (Garcla et al., 
1991b). The present  experimental  design did not allow 
exploration of the way of entrance of extracellular 
Ca 2+ into the vein musculature after its activation with 
endothelin-1, as the aim was only to test if the cerebral 
venoconstriction with this peptide was or was not de- 
pendent  on the concentration of extracellular Ca 2+. 

The role of endothelium in the vascular response to 
endothelin-1 is not clear as there are contradictory 
results reported about this issue for cerebral (Hardebo 
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et al., 1989; Vila et al., 1990; Jansen  et al., 1989) and  
non-ce rebra l  (Marsden  et al., 1989; W a r n e r  et al., 
1989) arteries.  In  dog cerebral  ar ter ies  we have previ- 
ously found  that  the cont rac t ion  in response  to en-  
dothel in-1 is not  affected by removal  of the endothe-  
l ium (Garcia  et al., 1991b). In  the p resen t  study we 
observed that  endo the l i um removal  did not  affect sen- 
sitivity, bu t  decreased by 35% the maximal  cont rac t ion  
of cerebral  veins with endothel in-1 .  In  this case, the 
decrease  in the capacity of cerebral  veins to contract  
could be re la ted  to damage  to the smooth  muscu la tu re  
of veins after rubb ing  of their  lumina l  surface. If sensi- 
tivity ra ther  than  maximal  cont rac t ion  is considered,  
we suggest that  the reactivity of dog cerebral  veins to 
endothe l in-1  may be e n d o t h e l i u m - i n d e p e n d e n t  as oc- 
curs in cerebral  arteries f rom this same species (Garcia  
et al., 1991b). 

In  a n u m b e r  of studies it has b e e n  found  that  the 
endo the l in  E T  B receptor  subtype,  located in the en-  
dothel ium,  could media te  vasodi la ta t ion by re leas ing 
nitr ic oxide (Rigel  and  Lappe,  1993; W a r n e r  et al., 
1993) or prostacyclin (De Nucci et al., 1988). Riezebos  
et al. (1994) have repor ted  that  ni tr ic  oxide modula tes  
the cont rac t ion  of h u m a n  omenta l  arteries,  bu t  not  of 
veins, in response  to endothel in-1 .  In  our  study we 
observed that  L - N A M E ,  an  inhibi tor  of nitr ic oxide 
synthesis ,  a n d  m e c l o f e n a m a t e ,  an  i n h i b i t o r  of 
p ros tanoid  metabol ism,  did not  affect the venoconstr ic-  
t ion induced  by endothel in-1 ,  suggest ing that  nitr ic 
oxide and  pros tanoids  are not  involved in the effects of 
this pep t ide  on  cerebral  veins. A lack of effect of 
i ndomethac in  on the cont rac t ion  of h u m a n  omenta l  
ar ter ies  and  veins (Riezebos  et al., 1994) and on  the 
cont rac t ion  of porc ine  coronary  arter ies  (Yanagisawa 
et al., 1988) induced  by endothe l in-1  has also been  
repor ted.  

In  conclusion,  the p resen t  results show that  en-  
dothel in-1 produces  marked  cerebral  venoconstr ic t ion,  
which may be mainly  med ia ted  by activation of en-  
dothe l in  E T  A receptors.  These  results also suggest that  
cerebral  venocons t r ic t ion  in response  to endothe l in-1  
may be i n d e p e n d e n t  of endo the l ium and  nitr ic  oxide or 
p ros tanoid  release,  bu t  may d e p e n d  on entry  of extra- 
cel lular  Ca 2+ into cells of the vein smooth muscula-  
ture.  
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