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ABSTRACT

Alterations in splanchnic circulatory hemodynamics along with reactivities to the alpha
adrenoceptor agonists were assessed in association with the preventive effects of propranolol 10 days
after portal ligation. Decreases in precapillary resistance (Ra) and postcapillary resistance (Rv)
along with increases in mesenteric blood flow (MBF) and capillary pressure (CP) were observed in
conjunction with an increment of splenic pulp pressure (SPP). Dose-dependent increase in Rv in
response to noradrenaline, increases in Ra and RV to adrenaline, and increases in superior mesenteric
arterial pressure (SMAP), Ra and Rv to phenylephrine observed in sham group were significantly
attenuated by portal vein stenosis. In PPL-3 group (propranolol 3 mg/kg, i.p. three times daily for
10 days), MBF was significantly decreased in association with decrease in mesenteric venous pressure
(MVP) when compared with those of protal ligated (PL) group, and decreased Ra and Rv in PL
group were recovered toward the values of sham group. Likewise, in PPL-1 group (propranolol 5
mg/kg, i.p. once daily for 10 days), the pressor response of Rv to adrenaline was recovered up to the
level of sham group. Thus, it is suggested that decreases in Ra and Rv in association with increases
in MBF and CP may have a close relevance to the increased SPP, and the changes in circulatory
hemodynamics and vascular reactivities were effectively reversed by longterm propranolol treatment.
Based on these results, it is concluded that these changes observed in portal hypertension are closely

related with the altered functions of the adrenoceptors in the splanchnic vascular beds.
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INTRODUCTION

As typical changes in splanchnic ciruclatory
hemodynamics in the portal hypertensive rat
models, ant increase in blood flow to splanchnic
organs and a decrease in splanchnic and systemic
vascular resistances are characteristically associat-
ed with an elevation of portal venous pressure
(Murray et al, 1958; Blanchet and Lebrec, 1982;
Groszmann and Agterbury, 1982; Witte and Witte,
1983; Vorobioff er gl, 1983; 1984). Generally, in
portal hypertension, the preexisting collataral
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veins dilate and form portal-systemic shunts, ther-
eby carrying the major portions of blood flow
away from portal into systemic veins. These natural-
ly occurring shunts counteract the increased resis-
tance to portal blood flow. Nevertheless, the portal
hypertension remains to persist (Rousselot et al,
1959; Wexler and MacLean, 1975). In this regard,
two speculations have been advanced to explain
these hemodynamic characteristics. One is the
backward flow theory: this hypothesis attributes
portal hypertension solely to increased portal
venous resistance, therefore implicating a passive
congestion within portal venous system (Bradley
et al, 1952; Moreno et al., 1967). The other is the
forward flow theory: it is ascribed to an increased
splanchnic blood flow that maintains the portal



hypertension (Gitlin et al, 1970; Witte et al,
1974). These hemodynamic alterations in chronic
portal hypertension have been reported not only in
the animal experiments with carbon tetrachloride
-induced cirrhosis (Chojkier and Groszmann,
1981; Kitano et al, 1982) or biliary cirrhosis
(Bosch et al, 1983), but also in the pathologic
conditions associated with portal hypertension in
humans (Murray et al, 1958; Epstein et al, 1977).

In portal hypertension, propranolol has been
chronically tried for reducing the portal venous
flow on the baisis of beta 1-and beta 2-adrenoce-
ptor blocking action (Kroeger and Groszmann,
1985). Lebreg et al. (1981) and S¢gaard (1981)
have reported that longterm propranolol treatment
markedly reduced recurrent gastrointestinal
bleeding in patients with cirrhosis. In contrast with
these results, Burroughs et al. (1983) have advocat-
ed its use to be limited in clinical trials. Further-
more, the mechanisms underlying many of these
changes in the splanchnic hemodynamics in portal
hypertensive rats are not well identified.

In the present study, it was designed to inves-
tigate the splanchnic hemodynamic changes occur-
ring and the alterations in the reactivities to
vasoactive agents 10 days after portal ligation in
rats, and further, effect of propranolol treatment
on these changes was evaluated.

MATERIALS AND METHODS

Male Sprague-Dawley rats weighing 350-400 g
were fasted for 18-24 hours.

Portal ligation

Rats were anesthetized with secobarbital sodi-
um (30 mg/kg, i.p.). After an incision of midline of
abdomen, the common portal vein was dissected
free of surrounding tissues and a ligature of 2-0
silk was placed around the vein. A 23-gauge blunt
end needle was placed alongside the vein, and the
ligature was tied snugly to the needle and vein. The
needle was subsequently removed to yield stenosis
of the portal vein. The abdominal incision was
closed with suture. Rats were allowed to recover
from anesthesia and returned to the vivarium. Ten
days later, the animals were used for experiments.

Sham-operated animals, whose portal vein was-

isolated but not stenosed, served as controls.

Experimental groups

The animals were divided into the following
four experimental groups
1. Sham-operated rats (Sham) -
2. Portal-ligated rats (PL)
3. Portal-ligated rats with propranolol! treatment
3.1. PPL-1: Propranolol was administered
with a dose of 5mg/kg i.p., once
daily for 10 days.
3.2. PPL-3: Propranolol with a dose of 3 mg/
kg i.p., three times daily for 10 days

Determination of splanchnic hemodynamics

Rats were anesthetized with ethyl carbamate
(urethane, 1.0g/kg, ip.). A tracheostomy was
performed to ensure a patent airway. The abdomen
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Fig. 1. Diagram of preparations for studying intestinal
circulation. Autoperfusion from carotid artery
to superior mesenteric artery and pump perfu-
sion from mesenteric vein to jugular vein were
installed, PT : pressure transducer.



was opened along the midline and the abdominal
contents were covered with warm saline-soaked
gauge and plastic wrap to prevent dryness. An
intravenous injection of heparin (2001.U./100 g)
was made immediately before cannulation of the
vessels. An arterial circuit was established between
carotid and superior mesenteric arteries (Fig. 1). A
T-tube was interposed within the arterial circuit,
which allowed continuous monitoring of SMAP
and measuring the reactivity of mesenteric vascular
bed to various vasoactive agents. After a period of
reperfusion, the artery was occluded and a large
polyethylene cannula was rapidly inserted into the
superior mesenteric vein. The venous outflow was
drained into a reservoir before being returned to
the systemic ciruclation though the internal jugu-
lar vein by peristaltic pump. MBF was estimated
by drop counter and MVP was monitored via a
T-tube connected to a pressure transducer (Sta-
tham, P23ID). SPP was firstly measured and in PL
group, the rats with SPP less than 10 mmHg were
discarded. In each experiment, the another whole
blood was previously collected from the same
group rats and used to compensate for the blood
loss.

CP was determined using the venous occlusion
technique (Granger et al, 1983). Upon a sudden
and brief occlusion of the superior mesenteric vein,
there is a rapid rise in venous pressure followed by
a slower progressive increase. The point of inflec-
tion between the rapid and slow phases of the
venous pressure increase is considered to equal
capillary pressure.

Ra and Rv were estimated as follows:
Ra:ﬂ/[%%%gmmHg-ml‘hmin‘l- 100 g7!
RV:EPM;];\%E mmHg-ml~'-min~!-100 g~!

Arterial blood was sampled throughout the
experiment. The pH (measured by pH/gas anal-
yzer, Corning 175) was maintained at 7.3-7.5 by
infusing sodium bicarbonate (1.5%). Body temper-
ature was monitored and maintained at 37+0.5C
with heating pad and lamp.

Drugs

Vasoconstrictors used were l-noradrenaline
bitartrate (Sigma), phenylephrine HCl (Sigma)
and l-adrenaline bitartrate (Sigma). Drug solu-
tions were slowly infused with 0.1 mi/100 g body
weight through arterial circuit. dl-Propranolol
HCI (Sigma) was intraperitoneally ‘administered

with a dose of 5mg/kg once daily and 3 mg/kg
three times daily for 10 days.

In all groups of animals, indomethacin HCI(S
mg/kg, Sigma) was administered 30 min prior
to experiments. To estimate the vascular reactivity
to noradrenaline and adrenaline, propranolol, dl-
normetanephrine HCI (Sigma) and desipramine
HCI (Ciba-Geigy) were previously administered (1
mg/kg, s.c., each), respectively. In the case of
phenylephrine, propranolol (1 mg/kg, s.c) was
injected alone.

Statistical analysis

All values are expressed as the mean+S.E. of
mean. Results within groups were compared with
Student’s t-test. Values of p<<0.05 were judged to
be significant.

RESULTS
Basal hemodynamics

As shown in table 1, SPP of PL group was
significantly elevated when compared to that of
sham (6.440.5 in Sham vs. 12.5+0.3 mmHg, p<0.
001) in association with increases of MBF (0.21+
0.01 in Sham vs. 0.34+0.02 ml.min~!- 100 g™*, p<
0.001). and CP (12.940.5 in Sham vs. 17.6+0.7
mmHg, p<0.001). Otherwise, in PL group Ra
(160.8+11.1 in Sham vs. 81.14+8.0 mmHg-ml~*-
min-1-100g™!, p<0.001) and Rv (226412 in
Sham vs. 16.0+0.6 mmHg-mi~'-min~'-100g},
p<0.001) were markedly decrcased. However,
there was shown little difference in the actuai levels
of SMAP between sham and PL groups.

Vascular reactivity

In the present study, it was aimed to assess the
alterations in the vascular reactivities to vasocon-
strictors such as noradrenaline (non-specific alpha
adrenoceptor agonist), phenylephrine (selective
alpha I-adrenoceptor agonist) and adrenaline (cir-
culating catecholamine). As depicted in Fig. 2, in
response to NA(10-5-10-* M), the curves of SMAP
and Ra were increased in a dose-dependent man-
ner and those of MBF and CP were in the same
manner decreased. However, there were found no
differences of the hemodynamic reactivities to NA
between PL and sham groups except for Ry, its
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Table 1, Steady state actual levels of circulatory hemodynamics in the sham and portal ligated rats

Sham (n=13) Portal ligated (n=22)
Splenic pulp pressure (mmHg) 64105 12.5£0.3%
Superior mesenteric arterial pressure (mmHg) 46.8+2.6 443124
Superior mesenteric venous pressuce {mmHg) 8104 12.3 0.5%
Mesenteric blood flow {ml-min™.100 g ) 0.21 £0.01 0.34 £0.02*
Precapillary resistance (mmHg.mi™ -min™-100 g™) 160.8 X 11.1 81.1 £8.0%
Capillary pressure (mmHg) 129%05 17.6 £0.7*
Postcapiliary resistance (mmHg.mi™. min™.100 g™) 22.6+1.2 16.0 X 0.6*
Values are expressed as mean £ S.E.M.
n ; numbers of experiments.
*,p <0.001 : Significantly different from sham group
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Fig. 2. Comparisons of reactivity to noradrenaline (NA), adrenaline (AD) and phenylephrine (PE) of the circulatory
hemodynamics between sham and portal-ligated rats, *, p < 0.05 ; **, p < 0,01 : Significantly different from

sham group.
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Table 2, Steady state levels of circulatory hemodynamics in portal ligated rats chronically treated with propranolola

PPL-1 {(n=10) PPL-3 (n=8)
Superior mesenteric arterial pressure (mmHg) 499112 589132
Superior mesenteric venous pressure (mmHg) 10.1£0.8 9.6 £1,3%
Mesenteric blood flow (ml-min™.100 g™ ) 0.31%0.02 0.25 £ 0.01*
Precapillary resistance (mmHg-m!™ -min™.100 g™*) 105.2%5.8 174.1 £22.3%*
Capillary pressure (mmHg) 17.3%0.6 155%£1.3
Postcapillary resistance (mmHg-mI™ -min™-100 g7) 22.9 £ 0,5%* 24.2 £ 1.3%%

a; PPL-1 ; Propranolol was administered with a dose of 5 mg/kg i.p., once daily for 10 days. PPL-3 ; Propranolol

with a dose of 3mg/kg i.p., three times daily for 10 days.
Values are expressed as mean £ S_E.M,
n ; represents numbers of experiments.

*,p <0.02;** p <0.001 : Significantly different compared with those of PL (see in table 1.).
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Effect of longterm treatment with propranolol
on the reactivity to adrenaline (AD) in the
portal-ligated rats, *, p < 0.05; ** p <0,0071:
Significantly different from portalligated rats
(PL).

Fig. 3.

response to NA in PL being drastically attenuated
even in the dose of 10-°M NA (8.3+1.9 in Sham
vs. 2.9+ 1.1 mmHg-ml~!'-min—'-100 g*, p<0.05)
and 10~*M NA (8.74+2.5 in Sham vs. 22409
mmHg-ml~!-min~!-100 g~!, p<0.05). Inter-
estingly, in response to adrenaline both Ra and Rv
were significantly decreased in PL group without
changes in the reactivity of SMAP, MBF and CP.
Further, in the case of phenylephrine, SMAP, Ra
and Rv responses were concomitantly decreased at
relatively higher concentration of phenylephrine.

Effect of propranolol

SMAP and CP of PL group were little affected
by chronic pretreatment with propranolol regard-
less of different methods of administration. In the
present study, based on the pharmacokinetics of
propranolol, it was administered for 10 days as
aforementioned in Materials and Methods. As
shown in table 2, in PPL-3 group, decrease in
MVP in association with decrease in MBF were
observed when compared with those of PL group.
The increased CP in PL was slightly decreased in
PPL-3. Consequently, both decreased Ra and Rv
in PL group were convincingly recovered toward
the values of sham group in PPL-3 group.
However, Rv is increased by 43.1%(p <0.001) in
PPL-1, differently from PPL-3. Likewise, decreas-
ed reactivity of Rv (but not Ra) to adrenaline was
effectively recovered toward the values of sham
group by propranolol treatment (Fig. 3).



DISCUSSION

In the current experiment, decreases in Ra and
Rv with increases in CP and MBF were character-
istically observed in association with elevated SPP
when measured after 10 days of partial portal
stenosis. These results were in good agreement
with those reported by Benoit er al. (1984) except
the Rv which was drastically decreased in our
investigation. In contrast to the increment of CP,
Ra and Rv in PL group were markedly decreased.
Thus, it seems likely that in the PL group the
lowered Ra and the increased MBF might cause
the CP to rise.

How can the increment in CP be transmitted to
the vein and cause sustained portal venous hyper-
tension? One consideration is that the lowered Rv
may fully subserve the direct transmission of most
of the increased CP to venous part, thereby, readily
leading to raise the portal venous pressure. Furth-
ermore, the results obtained from the vascular
reactivity studies that the Ra and Rv responses to
adrenaline or phenylephrine were parallelly de-
creased in PL group, additionally indicated to
reflect a significant involvement of splanchnic
arteriolar dilatation in conjunction with the in-
crease in MBF. In our experiments, MBF was
significantly elevated up to 47.8% following portal
ligation, the percent increase being stayed between
the changes of 41-51% which was measured with
microsphere technique by Vorbioff er al (1983).

On the other hand, the reduced reactivity to
vasoconstrictors is well consistent with the results
demonstrated by Kitano et ol (1982) and Kiel et
al. (1985) that the vascular sensitivity to nora-
drenaline was reduced in the small intestine and
stomach of portal hypertensive rats. Based on these
results it is suggested that an altered sympathetic
regulation of splanchnic vascular beds may con-
tribute to the increased splanchnic blood flow in
portal hypertension (Song et al, 1987).

Kroeger and Groszmann (1985) have examined
the effect’ of propranolol to reduce the elevated
portal blood flow through combined participation
of beta 1-and beta 2-adrenergic blocking action.
Recently, effect of continous propranolol treat-
ment has been focused for treatment of recurrent
gastrointestinal bleeding in patients with cirrhosis
(Lebrec et al, 1981; S¢gaard, 1981). However,
Burroughs et al. (1983) conducted a prospective

trial of propranolol for the prevention of recurrent
variceal bleeding in 48 patients with cirrhosis of
the liver, and observed no significant decrease in
rebleeding. Despite of the controversial efficacy in
clinical trials, in the present study propranolol
treatment with a dose of 3 mg/kg thrice daily for
10 days has characteristically caused increases in
the Ra (114.7%) and Rv (51.2%) in assoication
with decreases in MBF (26.5%), MVP (22.0%)
and CP (11.9%) in the rat with portal hyperten-
sion. Furthermore, in vascular reactivity studies
the decreased reactivities of Ra and Rv to
adrenaline in PL group was effectively reversed by
propranolol treatment. In this regard, with the
speculations that the alpha adrenoceptors in splan-
chnic vascular beds are importantly involved in
the regulation of circulatory hemodynamics since
the different vascular reactivities to different alpha
adrenergic agonists were observed in PL group,
the effectivenss of propranolol on the Rv can be
attributed to the large decrease in MBF in compar-
ison to the change in CP (see PPL-3 group). The
ability of propranolol to enhance adrenaline-
induced contraction in the mesenteric vasculature
of PPL group is considered to have a close relevan-
ce to the blockade of beta adrenoceptors located in
the mesenteric vascular beds (Cohen and Wiley,
1977).

In conclusion, based on the results of the chan-
ges in splanchnic hemodynamics and the reacti-
vities to vasoconstrictors observed in PL and PPL
groups, the blockade of beta adrenoceptors of
splanchnic vascular beds by propranolol may have
a clinical relevance with the effectiveness of longt-
erm treatment with propranolol to reduce recur-
rent gastointerstinal bleedings in patients with
cirrhosis.
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