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Summary. The effect of a hepatectomy on the sympa-
thetic control of portal circulation was examined in
anesthetized rats. Sympathetic activation was obtained
by cerebral ischemia. Cerebral ischemia with carotid
arterial occlusion (30s) produced a reduction in the
portal venous flow (PVF) in the intact liver rats. When
the rats received a partial hepatectomy (40, 66 and
909%), there was a proportional relationship between
PVF and liver volume, and a significant decrease in
PVF due to cerebral ischemia was obtained when 40%
of the liver was resected. Cerebral ischemia failed to
change PVF under 66% and 90% hepatectomies. Under
hepatectomy, nanomolar quantities of adrenaline in-
jected into the portal vein reproduced a decrease in
PVF that was seen after cerebral ischemia. A blood flow
reduction due to cerebral ischemia was observed in the
superior mesenteric vein when 40% and 66% he-
patectomies were conducted. Hepatic arterial and
splenic venous blood flow were unaffected by cerebral
ischemia with or without hepatectomy. Liver functional
parameters in the blood were unchanged before and
after cerebral ischemia under hepatic resection.

These results suggest that hepatectomy modifies the
sympathetic regulation of portal circulation through
adrenergic vasoconstriction, and that the neural circu-
latory system maintains its primary functional efficacy
when less than 409 of the liver is resected.
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INTRODUCTION

Liver vascular beds are known to be a major blood
reservoir which stabilizes systemic circulation, with
blood mobilization controlled by vascular constric-
tion through the sympathetic nerves!=*. Recently, it
was observed that activation of the sympathetic
nerves with cerebral ischemia or by electrical stimu-
lation of the hepatic splanchnic branch resulted in a
decrease in portal blood flow in intact rat livers*?.
Moreover, it was revealed that a partial hepatectomy
affected portal venous resistance or portal venous
pressure or both®®. While these findings suggest that
a hepatectomy interferes with the sympathetic per-
formance in the mobilization of portal blood, the
effect of a hepatectomy on the sympathetic contribu-
tion to portal circulation has yet to be examined. In
contrast, blood flow in the portal vein is mainly
collected from two venous structures'®: the superior
mesenteric vein and the splenic vein.

This experiment was designed to investigate
whether a hepatectomy influences the sympathetic
control of portal blood flow in relation to the two
structures.

MATERIALS AND METHODS

Animals

Twenty male Wistar rats weighing 300-330 g were
used. They were housed individually (12: 12; light-
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dark cycle) in a room with the temperature ranging
from 22.0 to 24.0°C, and were fed ad lib on a standard
diet with free access to tap water before the experi-
ments. The experiments were carried out in the
afternoon (13:00-16:00h) to eliminate diurnal
changes in sympathetic activity'V.

Anesthesia and general monitoring

The rats were initially anesthetized with pentobar-
bital sodium (45 mg/kg, i.p.), and an amount of this
agent (7.5 mg/kg) was injected intramuscularly every
30 min to maintain the depth of anesthesia®. A can-
nula was inserted into the trachea to allow adequate
ventilation. The aortic and carotid sinus nerves were
sectioned bilaterally to eliminate any aortic pressure
responses which would affect portal blood flow or
portal pressure’. The systemic arterial pressure
(SAP) was monitored at the right carotid artery. A
portion of the portal vein, the hepatic artery, the
mesenteric vein, and the splenic vein was cleared,
keeping the nerves intact but separated from the
surrounding connective and fat tissues. Anal temper-
ature was maintained between 37.0 and 37.5°C with a
heating lamp throughout the experiments.

Estimation of blood flow and pressure

The probe for blood flow estimation was placed
around the portal vein, and portal venous flow (PVF)
was measured with an ultrasonic blood-flow meter
(Transonic T201, Advance, NY). Superior mesenteric
venous flow (SMVF) or hepatic arterial flow (HAF)
or splenic venous flow (SVF) was estimated with the
probe*®. The data were recorded on a pen writing
recorder (SR6221, Graphtec, Tokyo). A fine analysis
was obtained by evaluating responses in terms of the
percent change as necessary.

Sympathetic activation with cerebral ischemia

Cerebral ischemia was obtained by occluding both
carotid arteries on each side: the left side artery was
closed during the experiment, and the right side
artery was closed at the required time. Duration of
the occlusion was fixed at 30s based on a report that
carotid arterial occlusion for 30s evoked a reproduc-
ible reduction in PVF through cerebral sympathetic
activation in the rat®. A Heifetz clip (Edward Weck,
NC) was applied for occlusion. The occlusion was
started about 20 min after hepatic surgical treatment.

Hepatectomy

A partial hepatectomy was performed by the
methods previously described*®!?: either the median
lobe, constituting about 409, or the median and left
lateral lobes, comprising about 66%, and forming a
unit, was ligated and removed. Only the caudal lobe
was left in the 909 hepatectomy.

Sectioning nerve

The abdominal sympathetic pathway was sectioned
at the required position by the method described
previously'®: a loose thread was looped around the
nerve, and then both ends of the thread were passed
through a plastic tube so that the nerve could be cut
by pulling the loop of the thread.

Adrenaline injection

Adrenaline (Wako Pure Chemical Industries, Ltd.,
Osaka) dissolved in physiological saline was injected
into the portal vein by means of an infusion pump.
Physiological saline was used as the control. The test
agents were injected through a small 2 mm long
catheter (PE-10, Becton, Dickinson and Company,
NJ) inserted into the portal vein upstream from the
bifurcation of the splenic vein.

Chemical analysis

Blood for chemical analysis (120 micro-1) was drawn
off through the portal catheter, and was cooled imme-
diately with iced water and centrifuged at 2,200 rpm
for 20 min. Then the separated serum was stored at
~-20°C until measurement of the following parameters
with an auto-analyzer (Hitachi-7070; Hitachi,
Tokyo)'®: glucose (Glu, glucose oxidase method),
glutamic pyruvic transaminase (GPT, ultraviolet
method), alkaline phosphatase (Alp, Bessy-Lowry
method) and total bilirubin (TB, azobilirubin
method).

Data analysis

The data were ANOVA analyzed, and specific values
were evaluated with Duncan’s multiple range test.
Regression analysis was also utilized. A value of p<
0.05 was defined as significant.
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Fig. 1. A. Representative response in PVF and hepatectomy to 30s carotid arterial occlusion.

Liver intact (O), 40% (@), 66% (), and 90% (@) hepatectomized rats were used. An arrow shows
the start of occlusion. B. Time course of PVF after the occlusion. Liver intact (O), 40% (@), 66%
(©), and 90% (4) hepatectomized animals were used. An arrow indicates the start of occlusion.
Values are the mean+SEM (n=6). p<0.05 vs value before occlusion. °p<0.01 vs value before

occlusion.

Table 1.

A. Body weight and wet weight of visceral organs

Body weight (g) Liver (mg) Spleen (mg) Stomach (mg)
327+4 14519412 1074%59 1859+43
B. Basal levels of circulatory parameters
SAP PVF HAF SMVF SVF
(mmHg) (ml/min)
112+£3  15.7+0.4 2.9£0.1 13.3+0.3 2.8%0.2

Values are the mean+SEM (n=6).

RESULTS
Relationship between PVF and liver volume

Initial levels of PVF were decreased according to the
volume of the liver (Fig. 1 and Table 1), and a
significant correlation between the PVF and liver
volume was established. The regression coefficient
(r=0.940) was significant, p<0.01.

Time course of PVF associated with cerebral is-
chemia

When carotid arterial occlusion was applied for 30s,
PVF was transiently reduced in the liver intact

animals. The response reached its nadir about 40s
after the occlusion, and then recovered to the control
level within another 2 min (Figs. 1 and 2). The PVF
response was completely blocked by sectioning the
hepatic splanchnic branch (data not shown).

Time course of PVF due to cerebral ischemia under
hepatectomy

Cerebral ischemia transiently reduced PVF, and a
hepatectomy altered the PVF response (Fig. 2). When
percent changes in PVF were analyzed, a significant
reduction was obtained in the intact liver and 409
hepatectomized rats, but no significant change in
PVF was detected when 669 and 90% hepatectomies
were conducted.

Effects of adrenaline and hepatectomy

Adrenaline injection into the portal vein induced a
fall in PVF. When percent changes in PVF were
analyzed 40s after injection, the decrease was dose-
dependent in the intact liver and 409 hepatectomized
rats but not in the 669 hepatectomized rats (Fig. 3).

Time course of SMVF associated with cerebral
ischemia

When blood flow was analyzed by percent change, a
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Fig. 2. Percent changes in PVF after 30 s carotid arterial occlusion.
Liver intact (), 40% (@), 66% (<), and 90% () hepatectomized rats
were used. An arrow indicates the start of occlusion. Values are the
mean+SEM (n==6). 2p<0.01 vs & and . *p<0.01 vs @. ‘p<0.01 vs

@ C and §.
Intact 40% 66%
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Fig. 3. PVF inresponse to adrenaline under hepatectomy. Adrenalin
@3, 1x107° M; [, 8x107° M) or saline (@) was portally injected. PVF
values 40s after adrenalin injection are for the liver intact, 4094, and
669 hepatectomized rats. Values are the mean+SEM (n=+6). *p<0.01
vs B. "p<0.01 vs adrenalin 7. °p<0.05 vs adrenalin .

transient fall in SMVF was seen after cerebral is-
chemia in the intact liver animals. A significant fall in
SMVF was also detected in 40% and 66% he-
patectomized rats. No significant change in SMVF When the levels of blood flow 40s after cerebral
was seen after 909% hepatectomy (Fig. 4). ischemia were analyzed by percent change and the

values were plotted under 409, 66% and 90% he-

Cerebral ischemic effect on PVF, SMVF and SVF
under hepatectomy
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Fig. 4. Percent changes in SMVF after 30 s carotid arterial occlu-
sion. Liver intact (O), 40% (@), 66% (<), and 90% (€) hepatectomized
rats were used. An arrow shows the start of occlusion. Values are the
mean+SEM (n=6). 8p<0.01 vs immediately before occlusion.
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Fig. 5. Percent changes in blood flow 40 s after cerebral ischemia. PVF
(O), SMVF (®) and SVF ([7) values are for different volumes of the liver.
Values are the mean+SEM (n=6). 2p<0.01 vs []. *p<0.05 vs [J. °p<0.01
vs @. “p<0.05 vs @ (10, 34 and 60%). °p<0.01 vs O (10, 34 and 60%).

patectomies, the magnitude of flow response was
different among PVF, SMVF and SVF. The neural
efficacy of a hepatectomy was in the order of PVF,
SMVF to SVF, and the efficacy was reduced when
the liver volume was lessened (Fig. 5).

Hepatic arterial and splenic venous blood flow with
cerebral ischemia

Blood flow in the hepatic artery and the splenic vein was
unchanged after cerebral ischemia (data not shown).

Hepatic functional parameters after cerebral is-
chemia

Serum concentrations of GPT, Alp and TB were
unchanged before and 60 min after cerebral ischemia
(Table 2).
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Table 2. Chemical parameters during experiments under
669 hepatectomy

Parameter Before 60 min later
Glu (mg/dl) 141+9 133+38
GPT (U/1) 25+2 27+4
Alp (U/D 32642 315£43
TB (mg/dl) 0.1+0.0 0.1+0.0

Values are the mean+SEM (n=56).

DISCUSSION

We found that a hepatectomy modifies the sympa-
thetic performance of portal blood mobilization:
sympathetic activation with cerebral ischemia result-
ed in a decrease in the portal blood flow dependent on
the volume of the liver. This is partially consistent
with the view that sympathetic activation is effective
in reducing portal circulation through vasoconstric-
tion in liver intact animals®%!*,

Rheologically, portal circulation has been consid-
ered to be determined by two components - portal
venous pressure and portal venous resistance®®, and
a hepatectomy has been regarded as a obstacle>'*. In
this study, portal blood flow was decreased after a
partial hepatectomy, and a positive relationship
between levels of portal blood flow and the volume of
the liver was obtained so that increased resistance
due to a hepatectomy may have introduced decreased
basal levels of portal blood flow. Moreover, it was
noted that the peak effect of the sympathetic drive on
blood flow was attained more rapidly in the he-
patectomized rats than in the liver intact rats. One
reason for this might be the volume of the liver
serving as a factor which determines the speed of
liver blood mobilization by the nerves.

An isolated portal vein preparation has been shown
to contract in response to biologically active cate-
cholamines such as adrenaline and noradrenaline'®.
In this study, because adrenaline directly injected
into the portal vein decreased portal blood flow in a
dose-dependent fashion, the decrease in portal blood
flow due to the agent may be ascribed to adrenergic
vasoconstriction of the portal venules within the
liver!®. In connection with this, the injected concen-
tration of adrenaline was at a level which was
released into the circulation in response to electrical
stimulation of the nerves innervating the adrenal
gland.’ Considering these findings together with the
present results showing that decreased portal blood
flow due to adrenaline was dose-dependent when less

than 40% of the liver was resected, it is possible to
propose that the active concentration of cate-
cholamines inducing portal vasoconstriction is depen-
dent on the net volume of adrenergic fibers in the
liver.

The portal blood stream followed the mesenteric
blood stream, and a synchronized interaction
between portal and superior mesenteric vasocontrac-
tion existed when cerebral ischemia was introduced
in the liver intact animals, though the sympathetic
nerve innervating the superior mesenteric vein direct-
ly regulates the vascular tone independent of the
nerve controlling the portal venous tone*®. In this
study, different peak responses in blood flow between
the two veins were observed after cerebral ischemia
under a hepatectomy. It is likely that the volume of
the liver modifies the sympathetic function which
synchronizes the two venous constrictions.

Of particular interest is the finding that the efficacy
of the sympathetic drive constricting the venous
walls differs in the portal from that in the superior
mesenteric veins. As shown in Fig. 5, the former
introduced a precipitous decline and the latter a mild
decline according to the liver volume. It is not easy to
explain this. One interpretation is that, if a he-
patectomy evenly increases venous resistance in the
portal and mesenteric areas, vascular constriction
due to the nerves is primarily differential according
to the terminating area. In fact, it has been shown
that the visceral organs are innervated with several
sympathetic structures®'®: the splanchnic nerves, the
celiac ganglions and the lumbar sympathetic chain.
It can be deduced that these various neural networks
determine the final performance of the nerves, and
this may also hold true for the portal and mesenteric
vascular beds.

The spleen has been shown to be an organ reserv-
ing blood volume: a constrictor response of the
splenic veins was provoked when the sympathetic
nerves were activated in dogs'®!®, and it has been
presumed that this nerve takes part in blood mobili-
zation from the spleen to the portal vein. In this
study, however, blood flow in the splenic vein was
entirely unaffected by sympathetic activation with or
without a hepatectomy. This is in keeping with the
previous finding that sympathetic activation had no
effect on splenic venous circulation in intact liver
rats¥. There may be a specific difference among
individual animals.

Although the hepatic branch of the sympathetic
nerves supplying the hepatic artery has been reported
to have some neural fibers which run through path-
ways other than the major splanchnic nerves in
rats??, in this study, the sympathetic activation failed



to change hepatic arterial blood flow. There may be
no neural circulatory system in the hepatic artery of
rats.

Finding that a hepatectomy had no influence on
hepatic functional scores in the blood after cerebral
ischemia suggests that liver parenchymal substances
released from the liver were not involved in the
sympathetic circulatory response.

This study simulated the acute phase of enterohe-
patic circulation caused by the sympathetic nerves
after liver trauma, liver resection and liver transplan-
tation. Consequently, the liver blood reservoir func-
tion by the nerve'™® characteristically deteriorated
after the loss of liver volume. In relation to this, there
are liver diseases which cause portal hypertension in
humans'*?? and, experimentally, portal pressure can
determine portal circulation'™. However, the patho-
physiological connection between portal hyperten-
sion and liver volume with sympathetic activation
remains to be clarified. Further study on this aspect is
required.

From these observations, we conclude that a he-
patectomy changes the sympathetic regulation of
portal circulation, and the neural effect of the
regulatory system including mesenteric circulation is
determined by the volume of the liver.
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