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Abstract 

To test the hypothesis that induction of nitric oxide synthase causes systemic vascular hyporesponsiveness to vasopressors in 
portal hypertension, we performed in vitro experiments on isolated thoracic aortic rings from partial portal vein ligated or sham 
operated rats at 3 weeks postoperatively. The concentration-response curves to noradrenaline of intact and endothelium-de- 
nuded aortic rings from portal hypertensive rats were significantly shifted to the right as compared to those from sham operated 
animals. Maximal contractions did not significantly differ. Addition of NG-nitro-L-arginine, a specific inhibitor of nitric oxide 
synthase, shifted the curves to the left in both sham operated and portal hypertensive rats, so that in intact rings, the 
concentrations of noradrenaline producing half-maximal response did not significantly differ any more between sham operated 
and portal vein ligated rats. In endothelium-denuded rings, a hyporeactivity to noradrenaline persisted in portal vein ligated rats. 
Furthermore, NG-nitro-L-arginine induced an additional significant increase in the maximal response to noradrenaline in sham 
operated as compared to portal hypertensive rats. The endothelium-dependent relaxations to acetylcholine were attenuated in 
portal hypertensive rats as compared to sham operated animals. From these results, it can be concluded that increased nitric 
oxide production in the vascular wall of thoracic aorta of portal hypertensive rats is involved in their hyporesponsiveness to 
noradrenaline. Our findings in endothelium-denuded rings indicate the involvement of the inducible nitric oxide synthase in the 
smooth muscle layer. Involvement of an inducible nitric oxide synthase in the endothelium cannot be excluded. The endothelial 
constitutive nitric oxide synthase, however, seems to be suppressed in portal vein ligated rats. 
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I. Introduction 

In man (Lebrec et al., 1983) and experimental ani- 
mals such as portal vein ligated rats (Vorobioff et al., 
1983), chronic portal hypertension with significant por- 
tosystemic shunting is associated with a hyperdynamic 
circulation, characterized by increased blood flow and 
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reduced vascular resistance in the splanchnic and sys- 
temic circulation. As a result of the splanchnic vasodi- 
lation, portal venous inflow is elevated, which will itself 
contribute to the generation and maintenance of portal 
hypertension (Benoit et al., 1985). The splanchnic va- 
sodilation may reflect the reduced sensitivity of the 
vascular tissue to vasoconstrictor mediators as cate- 
cholamines, angiotensin II, vasopressin (Kiel et al., 
1985; Finberg et al., 1985; Murray and Pallet, 1985, 
1986), or elevations in plasma levels of vasodilator 
substances as glucagon (Benoit et al., 1986; Kravetz et 
al., 1988), insufficiently cleared by the liver. 

Nitric oxide is a potent vasodilator and plays an 
important role in the physiological regulation of blood 
flow and blood pressure (Rees et al., 1989). It is 
synthesized from L-arginine in vascular endothelial 
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cells, macrophages and many other ceils and tissues 
(Moncada et al., 1989; De Man et al., 1991). This 
pathway is stereospecifically inhibited by NG-nitro-L - 
arginine (Mfilsch and Busse, 1990). Vascular endothe- 
lial cells contain a constitutive nitric oxide synthase 
that is Ca 2+ dependent.  In addition, these cells as well 
as vascular smooth muscle cells express an inducible 
Ca 2÷ independent nitric oxide synthase, after activa- 
tion with endotoxin or cytokines (Radomski et al., 
1990; Knowles et al., 1990). 

There is evidence that nitric oxide production is 
increased in certain pathological conditions. Decreased 
responsiveness to catecholamines, angiotensin II and 
vasopressin has been observed in animal models of 
sepsis and endotoxemia (Miller et al., 1973; Schaller et 
al., 1985), and persists in vessels removed from these 
animals (Wakabayashi et al., 1987; Bigaud et al., 1990). 
It has been demonstrated that activation of the L- 
arginine pathway is involved in this vascular hyporeac- 
tivity in endotoxemia (Julou-Schaeffer et al., 1990). 

It has recently been postulated that in portal hyper- 
tension with collateral circulation, low-grade endotox- 
emia causes induction of nitic oxide synthase, and is 
responsible for the hyperdynamic circulation (Vallance 
and Moncada, 1991). Inhibition of nitric oxide synthase 
has been shown to result in attenuation or reversal of 
the hemodynamic disturbances and splanchnic vasodi- 
lation in vivo in portal vein ligated (Pizcueta et al., 
1992a; Lee et al., 1992) and cirrhotic rats (Claria et al., 
1992; Pizcueta et al., 1992b). Also the hyporeactivity to 
vasopressors in mesenteric vessels in vitro in portal 
vein ligated (Sieber and Groszmann, 1992a,b) and cir- 
rhotic rats (Sieber et al., 1993) is reverted by nitric 
oxide synthase inhibition, which seems to confirm this 
hypothesis. Furthermore,  endothelial nitric oxide has 
been demonstrated to play a role in the portal-col- 
lateral resistance of portal hypertensive rats (Mosca et 
al., 1992). In contrast, other authors failed to demon- 
strate an excessive nitric oxide synthesis in cirrhotic 
rats (Sogni et al., 1992) or a significant role for nitric 
oxide on the hyperdynamic circulation in portal vein 
ligated rats (Iwata et al., 1992). In addition, the experi- 
ments of Mehta et al. (1990) failed to demonstrate a 
major pathogenic role for endotoxin in the hyperdy- 
namic circulation in the portal vein ligated rat model. 

If a circulating factor is responsible for induction of 
nitric oxide synthase, the effect should not be limited 
to resistance vessels of the splanchnic circulation, but 
should also involve large conductance vessels. To test 
this hypothesis, we performed in vitro experiments on 
isolated aortic rings from partial portal vein ligated 
rats, a well known animal model for portal hyper- 
tension (Mesh et al., 1988). The advantage of an in 
vitro system is the lack of circulating vasodilators and 
their possible interactions with the vascular responsive- 
ness to endogenous vasopressors. Furthermore,  intact 

and endothelium-denuded preparations can be studied 
separately. 

2. Materials and methods 

2.1. A n i m a l  preparation 

For this study, male Wistar rats weighing 422 + 8 g 
(n = 14) were used, that either had undergone a sham 
operation or a portal vein ligation to induce portal 
hypertension. 

Partial portal vein ligation was performed as previ- 
ously described (Chojkier and Groszmann, 1981). 
Briefly, using ether anesthesia, the abdominal cavity 
was opened through a midline incision under strict 
sterile conditions. The omentum and part of the intes- 
tine were gently lifted out of the abdomen and kept 
moist with saline moistened gauze. After the portal 
vein was isolated, a 20-gauge blunt-end needle was 
placed alongside the length of the portal vein, and one 
ligature of 4-0 surgical silk placed proximal to the 
bifurcation of the vein was tied around both the needle 
and the portal vein. The needle was then removed and 
the portal vein was allowed to reexpand, yielding a 
consistent stenosis of the portal vein. The abdominal 
viscera were placed back into the abdomen and the 
operative incision was then closed in a double layer. 

In the sham operated rats, the portal vein was 
similarly isolated but no ligature was applied and the 
abdomen was similarly closed. 

After surgery, the rats were allowed to recover from 
anesthesia and were returned to the vivarium, where 
they had free access to water and food. 

In preliminary experiments, presence or absence of 
portal hypertension was assessed after 2 weeks. Under 
anesthesia with sodium pentobarbital (60 m g /k g  intra- 
peritoneally), the abdomen was opened, and the ileo- 
colic vein was cannulated with a 24-gauge catheter 
connected to a Statham P-23-id strain transducer for 
pressure registration with a carrier amplifier HP 8805 
B. Portal venous pressure in 10 portal vein ligated 
animals was almost twice that of 14 sham operated rats 
(18.3 + 1.1 and 9.4 + 0.4 mm Hg respectively, P < 
0.001). 

Treatment  of the animals during the experiments 
was conducted according to the rules of good animal 
care in conformity with the European legislation. 

2. 2. Tissue preparation 

Since in the used animal model, vascular hyporeac- 
tivity in aortic strips to noradrenaline has been demon- 
strated to occur at 21, but not at 10 days postopera- 
tively (Bomzon and Blendis, 1987), experiments were 
performed after 3 weeks. 
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Under  ether anesthesia, the animals were killed by 
opening of the thorax and cardiectomy. The thoracic 
aorta was removed, cleared of adherent  tissue, and cut 
into rings approximately 2 mm in length. In some rings, 
the vascular endothelium was mechanically removed by 
rubbing gently with blunt forceps. The aortic rings 
were mounted horizontally between two stainless-steel 
stirrups in organ chambers filled with 25 ml Krebs- 
Ringer solution (composition in mM: NaCI, 118.3; KCI, 
4.7; MgSO 4, 1.2; KHzPO4, 1.2; CaCI 2, 2.5; NaHCO 3, 
25; glucose, 11.1), maintained at 37°C and bubbled with 
95% 02-5% CO 2. One of the stirrups was anchored to 
the organ chamber, and one was connected to a strain 
gauge (Statham UC2), for recording of isometric ten- 
sion. To prevent interference from in vitro induction of 
nitric oxide synthase in the rings, due to endotoxin 
present in the Krebs buffer, dexamethasone (10 -7 M) 
was added to the Krebs-Ringer solution from the isola- 
tion of the vessels and throughout the whole experi- 
ment. Dexamethasone was chosen as it was previously 
shown to prevent this de novo synthesis (Rees et al., 
1990a), without affecting the activity of the enzyme 
already present (Radomski et al., 1990). 

The aortic rings were stretched to the point of their 
optimal length-tension relationship (4 g, determined in 
preliminary experiments by repeated exposure to 50 
mM KCI). The rings were allowed to equilibrate for 60 
min. 

2.3. Experimental design 

In a first set of experiments, the rings were con- 
tracted with noradrenaline, in a concentration resulting 
in a stable, submaximal contraction (3 x 10 -7 M or 
10 -6 M). Cumulative relaxation curves to the endothe- 
l ium-dependent dilator acetylcholine (10 -9 to 10 -4 M) 

were obtained in each ring, to assess the integrity of 
the endothelium. Rings showing < 60% relaxation of 
the noradrenaline-induced contraction were discarded. 
The failure of acetylcholine to induce relaxation of 
rubbed rings was taken as an indication of endothelium 
removal. 

In a second set of experiments, contractile responses 
to cumulative concentrations of noradrenaline (10 -1° 
to 10 -5 M)were  studied. 

In a third set of experiments, contractile responses 
to cumulative concentrations of noradrenaline (10-~° 
to 10 -5 M) were repeated after 10-min preincubation 
with NG-nitro-L-arginine (3 × 10 5 M). 

In a fourth set of experiments, the effect of consecu- 
tively added concentrations of nitric oxide (10 -7 to 
l0 -5 M) on rings maximally precontracted with nor- 
adrenaline (10 -5 M), was assessed. As the relaxations 
to nitric oxide were transient and nitric oxide had 
certainly disappeared at the time the next concentra- 

tion was added, the concentrations of nitric oxide were 
considered as noncumulative. 

2.4. Drugs 

The drugs used were acetylcholine hydrochloride 
and dexamethasone 21-phosphate (Sigma Chemical 
Co., St. Louis, MO, USA), noradrenaline hydrogentar- 
trate (Fluka, Buchs, SG, Switzerland), NC-nitro-t. - 
arginine (Janssen Chimica, Belgium). All solutions were 
prepared on the day of experimentation and were 
administered as aqueous solutions except NG-nitro-L - 
arginine, which was dissolved in 0.065 M HCI. Ascorbic 
acid (5.7 × 10 -4 M) was added to the stock solutions of 
noradrenaline. All drugs were administered in volumes 
not exceeding 0.5% of the bath volume. Standards of 
aqueous nitric oxide solutions were prepared by satura- 
tion with purified nitric oxide gas of argon-degassed 
and deoxygenated water, and further diluted (Kelm et 
al., 1988). 

2.5. Presentation of results and statistical analysis 

The force of contraction is expressed as gram con- 
traction. The relaxations are expressed as percent de- 
crease of the noradrenaline-induced contraction. The 
results are shown as mean + standard error of mean. 
To fit the sigmoidal noradrenaline concentration-re- 
sponse data, simultaneous nonlinear regression analy- 
sis (S P S S /P C  + Advanced Statistics 4.0, SPSS, 
Chicago, IL, USA) was performed as a two-factor 
analysis with repeated measures on one factor, absence 
or presence of N%nitro-L-arginine (i.e. 2 levels), and 
with sham or portal hypertension as the nonrepeated- 
measures factor (i.e. 2 levels). Rings with endothelium 
and rings without endothelium were treated in a sepa- 
rate analysis. Results for the negative logarithm of the 
concentration of agonist that produced a half-maximal 
response (pD 2) and for the maximal response (T m) 
from a given analysis were similarly treated. Different 
rings in sham and portal hypertensive groups and the 
two experimental factors were encoded by implementa- 
tion of dummy variables using effects coding rather 
than reference coding (Glantz and Slinker, 1990). The 
use of dummy variables for the different rings resulted 
in a significantly better  fit quality as demonstrated by 
Fisher's F-test on the sum of square residuals of the 
fits with or without encoding for different rings (Med- 
dings et al., 1989). Because of a major interest in 
comparison among treatment means and because of 
significant interaction between the two experimental 
factors (except for pD 2 of noradrenaline response in 
rings without endothelium), multiple comparisons 
among treatment means were performed in each analy- 
sis, based on the computations given by Winer (1971), 
by using differences between means and standard er- 
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rors of the estimates. The reported standard error in 
Table 1 is the weighted average of two standard errors, 
used for the multiple comparisons; the standard error 
of subjects within groups was estimated from the coef- 
ficients associated with the dummy variables associated 
with the dummy variables for the different rings. The 
concentration-response data of acetylcholine were sim- 
ilarly compared. The possible differences in animal 
weight between sham operation and portal vein liga- 
tion, in the portal venous pressure, in the starting 
contractions to noradrenaline before acetylcholine ad- 
dition, and the relaxations to nitric oxide were ana- 
lyzed by unpaired Student's t-test. P values of less 
than 0.05 were considered as significant. 

3.  R e s u l t s  

3.1. Body weights 

The body weights on the day of the experiment 
(449 + 16 g (n = 7) and 403 + 19 g (n = 7) in respec- 
tively sham operated and portal vein ligated rats) were 
not significantly different. 

3.2. Concentration-response curves to acetylcholine 
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9 8 7 6 5 4 

acetylcholine (-log M) 

Fig. 1. Relaxation curves to acetylcholine (10 -9 to 10 -4 M) on intact 
aortic rings submaximally precontracted with noradrenaline (3 × 10-7 
M) from sham operated (©) and portal vein ligated (e) rats. Data are 
presented as means±S.E.M, in percent decrease of the noradrena- 
line-induced contraction from 7 experiments in portal vein ligated 
and 6 in sham operated rats. 

rats (6.49 + 0.09 versus 6.78 + 0.09 respectively, P < 
0.05). The maximal relaxations (91.3 + 4.6% versus 
91.5 + 4.6% respectively), however, were not signifi- 
cantly different (Fig. 1). 

Experiments were performed on aortic rings sub- 
maximally precontracted with noradrenaline (3 × 10 -7 
or 10 -6 M). As expected, in the endothelium-denuded 
rings, no acetylcholine-induced relaxations were noted. 
In the intact rings, the starting contractions were 1.87 
+ 0.12 g (n = 7) in sham operated and 1.80 ___ 0.19 g 
(n = 6) in portal vein ligated rats (n.s.) In these intact 
rings, acetylcholine caused a dose-dependent relax- 
ation of the precontracted rings. The relaxation curves 
were significantly shifted to the right in portal vein 
ligated rats as shown by the significant increase in pD 2 
in portal vein ligated rats compared to sham operated 

3.3. Concentration-response curves to noradrenaline 

The concentration-response curves to noradrenaline 
in intact and endothelium-denuded rings of portal vein 
ligated rats were significantly shifted to the right as 
compared to those of sham operated rats as was shown 
by the significant decrease of pD 2 value of noradrena- 
line in portal vein ligated versus sham operated rats. 
The maximal contractions were not significantly differ- 
ent (Table 1; Fig. 2). 

In the intact aortic rings, NG-nitro-L-arginine signif- 
icantly shifted the dose-response curves to the left, 

Table 1 
pD 2 and T m values of noradrenaline in rat aortic rings with or without endothelium in the absence or presence of N -nitro-L-arginine (3 × 10 -5 
M) 

pD 2 T m 

Control NG-Nitro-L-arginine Control NG-Nitro-L-arginine 

With endothelium 
a 

Sham operation 7.02 ± 0.08 - -  

i a 
a 

Portal hypertension 6.67 ± 0.08 - -  

Without endothelium 

Sham operation 

Portal hypertension 

a 
7.82 ± 0.08 2.72 __+ 0.14 - -  3.70 ± 0.14 
i ~  los i a 

n s  
7.97 ± 0.08 2.46 ± 0.14 - -  2.44 ± 0.14 

a a 
7.93 ± 0.09 - -  8.30 _+ 0.09 2.32 + 0.13 - -  2.91 + 0.13 
I a I b I n s  I a 

a n s  
7.54 ± 0.09 - -  8.08 + 0.09 2.40 + 0.13 - -  2.38 + 0.13 

Results are shown as means + S.E.M. for 6 or 7 experiments. Maximal contraction (T m) is expressed in g contraction. 
ns Non-significant; a p < 0.005, b p < 0.05, portal hypertension compared to sham operation or after NG-nitro-L-arginine versus control. 
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both in sham operated and portal vein ligated rats, as 
illustrated by the significant increase in pD 2 (Table 1; 
Fig. 3A). In the sham operated rats, but not in the 
portal vein ligated rats, this was also accompanied by a 
significant increase in the maximal contraction to nor- 
adrenaline (Table 1; Fig. 3A). 

In the endothelium-denuded rings, NG-nitro-L - 
arginine significantly shifted the dose-response curves 
to noradrenaline to the left, as shown by the significant 
increase in pD 2 in both sham operated and portal vein 
ligated rats; as in intact rings, the maximal contractions 
to noradrenaline were only significantly increased by 
N°-nitro-L-arginine in sham operated, but not in por- 
tal vein ligated rats (Table 1; Fig. 3B). 

After NG-nitro-L-arginine, the pD 2 values to nor- 
adrenaline were not significantly different any more 
between sham operated and portal vein ligated rats in 
intact rings. In the endothelium-denuded rings, how- 
ever, a significant hyporeactivity for noradrenaline per- 
sisted in portal vein ligated rats (Table 1). After block- 
ade of nitric oxide synthesis by NG-nitro-L-arginine, 
the maximal responses in portal vein ligated as com- 
pared to those in sham operated rats were significantly 
lower in both intact and endothelium-denuded aortic 
rings (Table 1). 

3.4. Response curves to noncumulative concentrations of  
nitric oxide 

Addition of nitric oxide on aortic rings maximally 
contracted with noradrenaline (10 -5 M) resulted in 
immediate but transient dose-dependent relaxations. 
There were no significant differences between the re- 
laxations to the individual concentrations of nitric ox- 
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Fig. 3. Concentrat ion-response curves to noradrenaline (10 - l °  to 
10 -5  M) in aortic rings with (A) and without endothel ium (B) from 
sham operated and portal vein ligated rats, before ( o )  and after (e) 
preincubation with NG-nitro-L-arginine. Data  are presented as 
m e a n s ±  S.E.M. in g contraction from 6 or 7 experiments.  
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ide in rings from sham operated or portal vein ligated 
rats with or without endothelium (Fig. 4). 
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Fig. 2. Concentrat ion-response curves to noradrenaline (10 -1° to 
10 -5  M) in aortic rings with or without endothel ium, of sham 
operated ( o )  and portal vein ligated (o) rats. Data  are presented as 
means_+ S,E.M. in g contraction from 6 or 7 experiments.  

4. Discussion 

Controversy still exists regarding the mechanisms 
involved in the systemic and splanchnic vasodilation in 
portal hypertension. An increase in circulating levels of 
vasodilators such as glucagon is only responsible for 
part of the observed splanchnic vasodilation in portal 
hypertensive rats (Benoit et al., 1986). In analogy with 
the recognized role of nitric oxide synthase induction 
in septic shock (Julou-Schaeffer et al., 1990), a similar 
induction by circulating endotoxin was postulated to be 
involved in the hemodynamic disturbances of portal 
hypertension (Vallance and Moncada, 1991). Because 
nitric oxide acts locally, the vasodilatory state in portal 
hypertension should be initiated by a systemic activa- 
tion of nitric oxide synthesis. In the present study, we 
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Fig. 4. Relaxation curves to nitric oxide (10 7 to 10 -5 M) on aortic 
rings maximally precontracted with noradrenaline (10 5 M) from 
sham operated (o) and portal vein ligated (e) rats. Data are pre- 
sented as means + S.E.M. in percent decrease of the noradrenaline- 
induced contraction from 6 or 7 experiments. 

provide evidence suggesting that this activation is in- 
deed not limited to the resistance vessels a n d / o r  the 
mesenteric vascular bed, but can also be demonstrated 
in the aorta of partial portal vein ligated animals. 

In the partial portal vein ligation model, the hyper- 
dynamic state is fully developed 4 days postoperatively. 
At 8 days, maximal portosystemic shunting is achieved 
(Sikuler et al., 1985). In this model, in vivo splanchnic 
and systemic hemodynamics and in vitro mesenteric 
vessels perfusions were performed 8-14 days postoper- 
atively (Lee et al., 1992; Sieber and Groszmann, 
1992a,b). The hyporesponsiveness to noradrenaline in 
thoracic aortic strips, however, was only demonstrated 
at 3 weeks postoperatively, not at 2 or 10 days (Bomzon 
and Blendis, 1987). Therefore,  experiments were per- 
formed on aortic rings of partial portal vein ligated and 
sham operated rats at 3 weeks postoperatively. 

pD 2 values to noradrenaline in both intact and 
endothelium-denuded aortic rings were significantly 
lower in portal vein ligated as compared to sham 
operated rats, indicating vascular hyporesponsiveness 
to noradrenaline in portal vein ligated rats. Inhibition 
of nitric oxide biosynthesis by NG-nitro-L-arginine (Ishii 
et al., 1990; Fineman et al., 1991) increased the pD 2 in 
endothelium-denuded and intact rings, reducing and 
even completely reverting the hyporesponsiveness to 
noradrenaline respectively. In contrast, the vasodilating 
effect of nitric oxide was not significantly different in 
sham operated and portal vein ligated rats, illustrating 
that the sensitivity of the vascular smooth muscle to 
nitric oxide does not differ. Therefore,  our data pro- 
vide indirect evidence for increased nitric oxide syn- 
thase activity in aortic rings from portal vein ligated 
rats. 

In sham operated rats, blockade of the nitric oxide 
biosynthesis significantly increased the maximal re- 
sponse to noradrenaline, a finding previously described 
by Rees et al. (1990b). Interestingly, this effect was not 
observed in rings obtained from portal vein ligated 
rats. This difference can not be explained by failure of 
NC-nitro-L-arginine to block nitric oxide synthase as 
the pD 2 to noradrenaline was significantly increased. 
Furthermore,  it was demonstrated that N6-nitro-L - 
arginine at the concentration used in our experiments 
is able to abolish acetylcholine-induced relaxations 
(Martin et ai., 1992) and nitric oxide production from 
cultured bovine aortic endothelial ceils (Ishii et al., 
1992). Alternatively, structural changes in the aortic 
rings from portal vein ligated rats may be responsible 
for this observation. This could also explain the finding 
that the perfusion pressure of mesenteric vessel prepa- 
rations from cirrhotic rats (Sieber et al., 1993) or from 
prehepatic portal hypertensive rats (Sieber and Grosz- 
mann, 1992) remained lower compared to sham oper- 
ated animals even after nitric oxide synthesis blockade. 
Furthermore,  in the in vivo study of Lee et al. (1992) in 
partial portal vein ligated rats, nitric oxide synthase 
inhibition also failed to completely reverse the hemo- 
dynamic abnormalities in portal hypertensive rats. In- 
complete nitric oxide was considered improbable as the 
cause of this phenomenon by the authors, as raising 
the concentration of inhibitor had no additional effect 
(Lee et al., 1992). 

In order to investigate the role of the endothelial 
constitutive nitric oxide synthase, we also studied the 
effect of portal hypertension on the endothelium-de- 
pendent  acetylcholine-induced relaxations. These re- 
laxations in the rat aorta are entirely mediated by nitric 
oxide, as they are abolished by inhibition of nitric oxide 
biosynthesis (Martin at al., 1992), a finding we con- 
firmed in preliminary experiments using 3 × 10 -5 M 
N6-nitro-L-arginine (data not shown). The relaxations 
to acetylcholine were significantly reduced in portal 
vein ligated rats, indicating a reduced activity of the 
endothelial constitutive nitric oxide synthase. This is in 
analogy with the reduced vasodilatory potency of 
acetylcholine in aortic rings from endotoxin-pretreated 
rats (Julou-Schaeffer et al., 1990), and may be ex- 
plained by the knowledge that nitric oxide has a nega- 
tive feedback effect on the nitric oxide synthase activity 
(Buga et al., 1993): nitric oxide produced by the in- 
duced nitric oxide synthase will reduce the activity of 
the constitutive endothelial nitric oxide synthase. 

In conclusion, our results indicate that activation of 
nitric oxide synthase in the vascular wall of the aorta of 
portal vein ligated rats is involved in the hyporespon- 
siveness of these vessels to the endogenous vasopressor 
noradrenaline. As the findings persist in endothelium- 
denuded rings, induction of nitric oxide synthase in the 
smooth muscle layer has to be implicated. The involve- 
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ment of endothelial inducible nitric oxide synthase 
cannot be excluded. As such, this activation seems not 
to be limited to the splanchnic circulation. The factors 
involved in increasing nitric oxide synthase activity in 
portal hypertension need to be further investigated. 
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