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ABSTRACT

To elucidate the mechanism of splanchnic hyperemia associated with chronic portal hyperten-
sion, we have investigated the alteration in visceral reflexes in conjuction with circulatory hemodynamics
in portal ligated portal hypertension in cats. When capsaicin, bradykinin and vasopressin were in-
jected via splenic artery of sham cat, respectively, they caused not only reflex excitation of systemic
arterial pressure, but also elevation of splenic venous pressure with unchanged heart rates.
Simultaneously, they evoked the sympathetic efferent excitation of liver (spleno-hepatic reflex) as
well as of spleen (spleno-splenic reflex). Similarly, capsaicin upon pledging on the liver surface evok-
ed a significant increase in the pressor reflex with hepatic nerve excitation (hepato-hepatic reflex).
After portal ligation, the splenic venous pressure was gradually elevated in association with decrease
in systemic arterial pressure. However, the excitation of pressor reflex was enhanced on the 2nd day,
thereafter, being returned to the control, and the reflexly induced spleno-splenic, spleno-hepatic and
hepato-hepatic sympathetic excitations were significantly diminished on the 8th day following portal
vein ligation.

In conclusion, it is suggested that sympathetic reflexes to spleen and liver are specifically intervened
by the same central pathways and furthermore, the diminution of these viscero-visceral reflex excita-
tions after portal ligation may be related to the intestinal hyperemia.
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INTRODUCTION

It is widely known that the portal vein stenosis
in rat leads to an increase in portal venous inflow
in association with an increased portal venous
pressure as a typical change of circulatory
hemodynamics of chronic portal hypertension
(Vorobioff ef al., 1983; 1984; Sikuler er al., 1985).
These alterations are reported not only in the animal
experiments with CCl,-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
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hypertension in human (Epstein et al., 1977; Mur-
ray et al., 1958). The characterizations of these cir-
culatory hemodynamics which have been observed
are: 1) An increase in blood flow to splanchnic
organs including kidney, 2) An elevation of portal
venous pressure with a decrease in vascular
resistance, 3) An increase in cardiac output accompa-
nying with a decrease in systemic vascular resistance
(Murray et al., 1958; Witte et al., 1974; Witte and
Witte, 1983). Recently, on the mechanisms respon-
sible for these phenomena, an increase in plasma
glucagon (Benoit ef al., 1984) or prostacyclin level
(Hamilton ef al., 1982; Bruix ef al., 1985), a func-
tional alteration in beta-adrenergic receptors in the
splanchnic organs (Kroeger and Groszmann, 1985),
and a decreased sensitivity of the splanchnic
vasculature to catecholamines (Kitano et al., 1982;
Kiel et al., 1985) have been demonstrated.
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However, it remains unclarified as to whether a
change in sympathetic reflex excitation is accom-
panied in conjunction with development of portal
hypertension.

“Therefore, in this study to elucidate the
mechanism of the intestinal hyperemia yielded in
association with chronic portal hypertension, we
have investigated the alterations in the viscero-
visceral reflexes in relation with circulatory
hemodynamics in portal hypertensive cats following
portal vein ligation.

MATERIALS AND METHODS

Animals

Male cats (weighing 2.4-2.8 kg) were housed in
the individual stainless cages and allowed free access
to cat-food and water ad libitum for 3 days.
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Portal vein ligation

Cats were anesthetized with pentobarbital sodium
(35 mg/kg, i.p.). After midline incision of the ab-
domen, the common portal vein was dissected free
of surrounding tissues.

Under placing a blunt end needle of 11 or 12
gauge alongside the vein, the ligature was made snug-
ly with the No. 2 silk to the vein and needle, together.
After removal of the needle the abdominal wall was
closed and the animal was injected with penicillin G
(50,000 units/kg, i.m.). Thereafter, the cats were
allowed to recover from anesthesia and to return to
the vivarium. In sham-operated cats the abdomen
was opened and the manipulation of portal vein was
the same without ligature.

Circulatory hemodynamic study

Cats were free from a diet except water for 24
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Fig. 1. Diagram of preparation for administering chemicals and recording nerve discharges from visceral sympatheti;

efferent fibers.



hours before experiment. They were anesthetized
with ethyl carbamate (urethane, 1.0 g/kg, i.p.). After
intubation, the vagus nerves were cut bilaterally. A
polyethylene catheter was inserted into the femoral
vein for infusion of 5% dextrose-saline. A second
catheter was inserted into the femoral artery for the
measurement of arterial blood pressure by using
Statham pressuse transducer (Model P23ID). Arterial
blood was sampled throughout the experiment. The
pH was maintained at 7.4 + 0.5 by infusing sodium
bicarbonate (1.5%), intravenously. Body
temperature was monitored and maintained at 37 +
0.5°C with heating pad and lamp.

Viscero-visceral reflexes

After exposing the spleen, all the branches of
splenic vasculature were ligated and sectioned except
that the main splenic artery and vein were left. The
splenic artery was cannulated via left gastric artery
or gastroepiploic artery for injection of drugs into
the spleen and the splenic vein cannulated through
a gastroepiploic vein to monitor splenic venous
pressure (Fig. 1).

After idenification fo splenic and hepatic nerves,
they were sectioned for recording the respective ef-
ferent nerve activity from the central end. Multifiber
activities of splenic and hepatic nerves were record-
ed by using sleeve electrodes (Narco Bio-Systems,
710-0005) connected to High gain coupler (Narco
Bio-Systems, type 7310), and they were integrated
at 10-second interval by Integrator (Narco Bio-
Systems GPA 10) and expressed as spikes per second.
The percent changes of discharge rates in response
to algogenic drugs were calculated as a function of
60-second control rates.

For examination of hepato-hepatic reflex we ap-
plied small pledgets (1.5 % 1.5 cm in width of gauze)
soaked with capsaicin (10 ug/ml) on the liver sur-
face. In this case the final concentration of capsaicin
applied was 0.2 ug in 1.0 ml volume.

After pledging with capsaicin, the pledgets were
removed and the abdominal cavity was washed out
with warmed normal saline to eliminate the residual
drug effect. No response was evoked by the vehicle
itself in which capsaicin was dissolved.

Drugs

Capsaicin  (8-methyl-N-vanillyl-6-nonenamide,
Sigma), bradykinin triacetate (Sigma), vasopressin
(lysine vasopressin, Sigma) and atropine sulfate
(Sigma) were used in this experiment, Capsaicin was
dissolved in the solution of 10% tween 80, 10%
ethanol and saline. Capsaicin, bradykinin and

vasopressin were injected in volumes of 0.2 ml and
flushed with 0.1 ml of saline. Injection time required
was 3-5 sec.

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

I. Viscero-visceral reflex in sham-operated cats

1) Spleno-hepatic reflex: To evoke the spleno-
hepatic reflex, the algogenic substances, capsaicin
(1-2 pg) and bradykinin (0.5 pug), and the vasoactive
substance, vasopressin (0.2 unit) were injected
through the splenic artery. All these drugs caused not
only the reflex excitations of systemic arterial
pressure, but also of splenic venous pressure without
any change of heart rates as shown in Fig. 2 and
Table 1. Simultaneously, the enhanced efferent reflex
activity (increased approximately by 16-26%) to liver
(spleno-hepatic reflex) as well as that to spleen
(spleno-splenic reflex) was occurred.

However, when bradykinin or vasopressin was
administered via superior mesenteric or hepatic
artery, the sympathetic efferent reflex activity to
spleen was less in degree than that occurred when
capsaicin was injected via the same routes
(mesentero-splenic and hepato-splenic reflexes) as il-
lustrated in Table 2.

Nevertheless, the injection of these drugs via com-
mon carotid artery or femoral vein did not evoke the
reflex excitations of sympathetic nerve and car-
diovascular system.

2) Hepato-hepatic reflex: In this study the reflex-
ly induced hepatic nerve excitation in response to
capsaicin was studied and the data are shown in
Table 3. Application of capsaicin (2.0 ug) on the liver
surface caused a significant increase in the pressor
reflex (16.7 + 4.4 mmHg, p<0.05) in association
with an increase in hepatic nerve reflex activation
(20.9 + 2.1%, p<0.01). However, the reflex changes
in heart rates and splenic venous pressure were trivial.

I1. Portal hypertensive cats

1) Time-course changes in basal hemodynamics: In
this experiment the circulatory hemodynamic excita-
tion was observed according to varying time-courses
of portal vein ligation as shown in Table 4.
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Table 1. Hepatic nerve activities in association with hemodynamic responses to algogenic and vasoactive substances
which were injected via splenic artery in sham-operated cats

Mean arterial Splenic Hepatic nerve
pressure Heart rat.e Venous pressure activity

(A mmHg) (Abeats/min) (A mmHg) (A% of control)
Calpf)a:fg‘“ 16.3 + 1.7%+ —7.7£11.2 4.4+0.7% 25.7+3.1%+
Cazpi)afg‘“ 26.1+4.0%* 0.7+9.3 6.2+1.3%* 33.6+£3.2%*
Bradykini
r; 5"“':‘“ 19.7+ 1.7%* ~3.3+52 5.641.2% 30.9+ 1.7%*
i‘;‘;"\ﬁ:‘“ 24.4+5.7 —18.3+5.2 4.5+0.4%* 29.5+3.7%*

Each data represents the mean + S.E.M. of 5-7 experiments.
A represent the changes of increase or decrease (—).
Asterisks denote the significant difference from the control value (*, p<0.05; **, p<0.01).
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Fig. 2. Typical tracing of the cardiovascular hemodynamics and hepatic efferent nerve activity induced by capsaicin
(2.0 ug) injected via splenic artery.



Table. 2. Spleno-visceral and viscero-splenic reflexes in response to capsaicin, bradykinin and vasopressin, respec-
tively, in sham-operated cats

Capsaicin Bradykinin Vasopressin
1.0 ug 0.5 ug 0.2 unit

Efferent nerve activity, A% of control
Spleno-visceral reflex

Spleno-splenic 16.9+3.1* 20.6 +4.8* 24.1+4.3**

Spleno-hepatic 19.9+4.1* 26.5+4.4%* 27.2+6.6*
Viscero-splenic reflex

Mesentero-splenic 21.3+5.3* 10.4+3.3 6.1+3.5

Hepato-splenic 23.4+4.8%* 6.3x3.7 24+1.9

Spleno-visceral reflexes were evoked by injection of drugs through splenic artery and the sympathetic nerve activity
was determined at splenic and hepatic nerve, respectively. In the case of viscero-splenic reflexes, drugs were injected
through splenic and superior mesenteric artery, respectively and sympathetic nerve activity was determined at splenic
nerve. See other legends in Table 1.

Table. 3. Cardiovascular and hepatic nerve responses to capsaicin pledged on the liver surface in sham-operated cats

Mean arterial Splenic Hepatic nerve
Heart rate .
pressure (A beats/mi venous pressure activity
(A mmHg) cats/min) (A mmHg) (A% of control)
16.7£4.4* 4.1+2.8 1.9+0.5 20.9+2.1%*

Hepatic pledging was conducted to estimate hepato-hepatic reflex.
Each data represents the mean + S.E.M. of 5 experiments.
* p<0.05; **, p<0.01; Compared to control value. See others in Table 1.

Table 4. Actual levels of the circulatroy hemodynamics and hepatic nerve activities in sham-operated and portal
vein-ligated cats

Sham-operated Days after portal vein ligation
2 4 8
Mean arterial
pressure, 95.1+2.6 86.7+4.4 78.3£3.3%* 86.0+3.3*
mmHg
Heart rat
cart rate, 187.3£18.1 192.3+8.4 209.5+10.9 182.3+2.6
beats/min
Splenic venous
pressure, 6.4+0.8 11.1 £ 0.7%* 151+ 1.3%* 20.3£0.5**
|
mmHg
Hepatic nerve
activity, 46.2+3.5 45.4+7.0 45.1+3.5 47.9+4.5
spikes/sec
Splenic nerve
activity, S1.7+7.2 48.3+5.8 52.3+8.3 49.9+6.4

spikes/sec

Each data represents the mean+ S.E.M. of 5-7 experiments.

Asterisks denote the significant difference from. the corresponding level of sham-operated group
(*, p<0.05; **, p<0.01).
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Table 5. Time-course changes in the circulatory hemodynamics and hepatic nerve activities in response to cap-
saicin pledged on the liver surface after portal vein ligation in cats

Sham-operated

Days after portal vein ligation

2 4 8
Mean arterial
pressure, 15.4+1.4 23.4+4.6* 16.3+3.2 18.4+5.9
AmmHg
Heart rate, 23+3.7 2.1+23 1.8+2.7 3.3+0.6
Abeats/min
Splenic venous
pressure, 1.7+0.5 1.5+0.3 3.0x1.5 0.8+0.5
AmmHg
Hepatic nerve
activity, 22.7+2.4 24.3+4.9 18.7+3.4 149+ 1.5%

A% of control

Each data represents the mean + S.E.M. of 5-7 experiments.
* p<0.05; Compared to the value of sham-operated group.

A represents the chage of increase.
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Fig. 3. Linear regression lines of the changes in sympathetic
nerve excitation induced by algogenic substance,
capsaicin as a function of date after portal ligation.

The splenic venous pressure was significantly
elevated to 11.1 + 0.7 mmHg (p<0.01) on the 2nd
day and to 20.3 + 0.5 mmHg (p<0.01) on the 8th
day after portal ligation. In contrast, the systemic

arterial pressure was decreased on the 4th day and
thereafter, it was maintained at lower level without
any change of heart rates. The actual nerve activity
(spikes per sec) of the multifibers of hepatic or splenic
nerve was, however, little changed.

2) Changes in viscero-visceral reflexes: To estimate
the effect of portal ligation on the reflex excitation
of spleno-hepatic and hepato-hepatic systems, cap-
saicin was applied as an evoker as described
aforementioned at varying time-courses. As shown
in Table 5, on the 2nd and 4th day after portal liga-
tion the hepatic efferent reflex activity in response
to capsaicin pledged on the liver surface (hepato-
hepatic reflex) was not markedly altered when com-
pared to that of sham-operated cat. However, on the
8th day after portal ligation, it was significantly
diminished (14.9 + 1.5 vs. 22.7 = 2.4 % of con-
trol, p<0.05).

In contrast, the pressor reflex excitation evoked
by capsaicin was rather accentuated on the 2nd day
(23.4 + 4.6 vs. 15.4 = 1.4 mmHg of control,
p<0.05) and thereafter, it returned to the control ac-
tivity

To compare the time-course diminution of reflex-
ly excited efferent activity, the precent change in the
spleno-splenic, spleno-hepatic and hepato-hepatic
reflexes were plotted as a function of date follow-
ing portal ligation. As shown in Fig. 3, the sym-
pathetic efferent reflex activities were inversely cor-
related with an increase in splenic venous pressure
and three regression lines showed the similar slopes.
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DISCUSSION

A circulatory state characterized by an increased
splanchnic blood flow with a reduced splanchnic
vascular resistance has been widely demonstrated
both in the experimental and clinical portal hyperten-
sion (Murray et al., 1958; Kontos et al., 1964; Blan-
chet and Lebrec, 1982; Lebrec ef al., 1983; Witte and
Witte, 1983; Vorobioff er al., 1984).

Therefore, many studies have focused on the
mechanism of the intestinal hyperemia. Recently,
Benoit et al. (1984) have postulated the involvement
of some humoral substances such as glucagon or
alanine (a stimulator of release of pancreatic
glucagon) in producing this hyperemia. Otherewise,
the prostacyclin (Hamilton et al., 1982) and pro-
staglandins (Bruix et /., 1985) which were produced
in response to increase in intraportal pressure were
postulated to be responsible for the diminution of
vascular resistance with increased splanchuic flow in
portal hypertension or in the case of liver cirrhosis.
On the other hand, Kroeger and Groszmann (1985)
have examined the effect of propranolol reducing the
elevated portal blood flow.

Capsaicin as a vanillylamide derivative with
nonen side chain is known to have a pharmacological
action producing excitation of several types of sen-
sory neurons (nociceptive effect) when administered
parenterally to experimental subject (Jessell er al.,
1978; Gamse et al., 1980; Buck and Burks, 1983),
in addition to the action to deplete substance P from
primary afferent sensory neuron in the dorsal root
ganglion and dorsal spinal cord (Virus and Gebhart,
1979; Burks et al., 1985), and moreover, the role of
substance P in the spinal cord and sympathetic
outflow to the cardiovascular system have been over-
viewed (Pernow, 1983). Keeler et al. (1985) have
demonstrated that intrathecal injection of substance
P in anesthetized rats transmitted the excitatory in-
formation to the cardiovascular system via spinal
sympathetic pathways. A tonic sympatho-excitatory
role of substance P on the spinal cord is elsewhere
illustrated (Gilbert er al., 1982; Backman and Henry,
1984; Maurin er al., 1984).

In this regard, it is assumed that capsaicin is more
appropriate as an evoker of reflex rather than
bradykinin or wvasopressin since the latter two
substances could evoke very weak splenic efferent
excitation upon injection of these agents via superior
mesenteric or hepatic artery.

In the present study, the reflex sympathetic ex-
citation could be evoked in the hepatic as well as in
the splenic efferent multifibers upon injection of cap-

saicin through splenic artery. Recently, Herman et
al. (1982) have reported the presence of low pressure-
sensitive baroreceptor in spleen, and they
demonstrated that the excitation of afferent nerve
ending in spleen caused reflex activation of car-
diovascular system with an increase in sympathetic
outflow to spleen. Thereafter, Calaresu ef al. (1984)
and Weaver et al. (1984) have demonstrated the
role of chemosensitive baroreflex on the regulation
of the cardiovascular hemodynamics. Thus, on the
basis of these evidences, it was suggested that the cen-
tral pathway of the sympatho-sympathetic reflex in-
tervening between liver and spleen may be of iden-
tical one and furthermore, these visceral reflexes may
be specific for spleen and liver since these viscero-
visceral reflexes were not occurred when capsaicin
was administered via femoral vein or common
carotid artery.

Following portal vein ligation, an enhancement
of reflex excitation of cardiovascular system was oc-
curred in response to capsaicin on the 2nd day.
Moreover, on the 8th day the hepatic and splenic
nerve excitations were significantly diminished with
little change in pressor reflex. Thus, it was presum-
ed that under the condition of increased intraportal
pressure (as reflected by splenic venous pressure)
capsaicin-induced excitation of arterial pressure
response could be highly sensitized in the early stage.

A question arose as to why the hepatic or splenic
sympathetic nerve outflow was so markedly
diminished on the 8th day without a significant
reduction of pressor reflex. It is likely that the ex-
citation of the mechano- and chemo-sensitive recep-
tor of the sympathetic nerve ending in response to
high intraportal pressure may cause to a large release
of catecholamines for 7 days. Accordingly, as
described by Takejasu et al. (1982), Wikberg ef al.
(1983) and Lurie ef al. (1985), the concurrent down-
regulation of the postsynaptic alpha-adrenoceptors
caused by prolonged exposure to catecholamines
leads to a reduced splanchnic vascular resistance. The
mechanisms responsible for the supersensitivity of
vascular beds to capsaicin on the 2nd after portal
ligation can be ascribed to this early sympathetic
hyperactivity. These assumptions are in good agree-
ment with the results of Kitano et a/. (1982) and Kiel
et al. (1985) in which a vascular sensitivity to
norepinephrine in the gastrointestinal tract has been
reduced following portal hypertension or cirrhosis.

Based on the these evidences, it is summarized
that following portal ligation the diminution of the
splanchnic sympathetic efferent outflow may con-
tribute to decreased splanchnic vascular resistance
and intestinal hyperemia.
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