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Summary. The plasma disappearance rate of indocya-
nine green (ICG-K) under liver ischemia was examined
with or without prostaglandin E, (PGE1) administra-
tion in anesthetized rats. Liver ischemia was induced
for 10 min by clamping the portal vein and the hepatic
artery. PGE1 40 4g/kg was introduced into the portal
vein or into the jugular vein immediately after the liver
vascular clamping. Saline was used as the control.
ICG-K was estimated for 180 min after the ischemia,
and ICG-K values 60, 120 and 180 min were higher in the
portal PGE] rats than in the control rats. The ICG-K
response was blocked by a selective PGE1 receptor
antagonist. Otherwise, no difference in ICG-K was seen
between jugular PGEl rats and the control. These
results suggest that PGE1 injection under liver circula-
tory occlusion is specifically capable of diminishing
ischemic damage to the hepatocytes, and such an effect
of PGE1 is evident when administered into the portal
vein rather than into the systemic circulation.

Key words—Prostaglandin, liver circulation, liver dye
test, liver function.

INTRODUCTION

Temporal occlusion of the vascular inflow to the
liver is applied to reduce bleeding from the liver in
the case of trauma, hepatectomy, or liver transplan-
tation."”® In connection with this, ischemia/reper-
fusion injury of the liver is known to occur after the
resumption of the hepatic blood flow,” and viability
of the liver has been assessed by rate of disappear-
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ance of indocyanine green in the plasma (ICG-K).>®
Prostaglandin E, (PGE 1) has been shown to increase
hepatic blood flow”=® and have a protective action on
the hepatocytes.!®~'» On the other hand, medicinal
substances produce different levels of appropriate
actions according to their routes of administration.
The PGE 1 effect on the liver circulation becomes
evident when injected into the portal circulation.’®

The present study was designed to investigate
whether PGE 1 influences ICG-K values in the is-
chemic liver, taking into consideration the routes of
administration.

MATERIALS AND METHODS
Animals

Seventy-eight male Wistar rats weighing 240-260 g
each were used. They had been reared in a room
(light-dark cycle 12 : 12) with lighting on from 07 : 00,
at a temperature of 24.0+1.0°C. The rats were
allowed free access to standard laboratory chow and
tap water before the experiments. The experiments
were performed in the afternoon (13:00-18:00).

Anesthesia and maintenance

The rats were anesthetized with pentobarbital
sodium (45 mg/kg, i.p.), and the depth of anesthesia
was maintained with the same agent (7.5mg/kg)
given subcutaneously every 30 min. During the exper-
iments, the abdomen was covered with a piece of
gauze moistened with saline to prevent the viscera
from drying. The anal temperature was kept at
36.0+£0.5°C with a heating lamp.
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Blood pH and gas analysis

Blood for pH and gas analysis was obtained by aortic
puncture, and was analyzed with an acid-base anal-
yzer (ABL-30, Radiometer, Copenhagen).

Blood chemical analysis

Blood for chemical analysis was collected from the
aortic puncture, was cooled immediately with ice,
and centrifuged at 2,200 rpm for 20 min. Then the
separated plasma was stored at —20 C until mea-
surement of the following parameters of liver and
kidney functions with an autoanalyzer (Hitachi
—736, Hitachi, Tokyo)'®: glucose (Glu, glucose oxi-
dase method), total protein (TP, Biuret method),
albumin (Alb, Bromcresol green method), total bilir-
ubin (TB, azobilirubin method), glutamic oxaloace-
tic transaminase (GOT, Ultraviolet method), gluta-
mic pyruvic transaminase (GPT, Ultraviolet method),
alkaline phosphatase (Alp, Bessey-Lowry method),
blood urea nitrogen (BUN, urease ultraviolet met-
hod) and electrolytes (Na-K, electrode method).

Monitoring of systemic arterial blood pressure

The catheter for pressure recording was introduced
into the caudal cut end of the right carotid artery,
and systemic arterial pressure (SAP) was recorded
with a pen recorder (SAN-EI, Type 1237, Tokyo;
SR 6221, Graphtec, Tokyo).

Liver ischemia

After a midline laparotomy, the portal vein and the
hepatic artery were exposed and clamped for 10 min
with microsurgical clamps (Heifetz clip, Edward
Weck & Company, NC).!¥

Administration and estimation of indocyanine

green

Indocyanine green (ICG, Daiichi Pharmaceutical Co.,
Ltd., Tokyo) was dissolved in the aqueous solvent
provided, and injected into the jugular vein as a bolus.
ICG-K was obtained by the method described previ-
ously.'® Briefly, an ICG monitor (RK-1000, Sumi-
tomo Electric Industries Ltd., Osaka) was utilized,
and a sensor was attached to the crus of the posterior
foot. The ICG-K values were recorded 0, 30, 60,
120 and 180 min after liver ischemia in the same rats.
It was first determined that the ICG 0.25 mg/kg used
is suited to repetitive measurements.

Administration of Prostaglandin E, and related
agents

PGE1 (Ono Pharmaceutical Co., Ltd., Osaka) dis-
solved in the saline was injected into the cranial side
of the clamped portal vein or into the right jugular
vein. PGE 1 20 or 40 ug/kg was injected, and saline
was used as the control. ONO-AE-829, the selective
PGE 1 receptor antagonist (Ono Pharmaceutical Co.,
Ltd., Osaka) and 17-phenyl-trinor prostaglandin E,,
the selective PGE 1 receptor agonist (Biomol Re-
search Laboratories, Inc., PA) dissolved in 5% glu-
cose solution were also utilized to identify PGE 1
receptor specificity.'® The amount of each injection
was 100 «1, and all were completed as a bolus.

Statistical analysis

The statistical significance of the differences among
values was evaluated by Duncan’s multiple range
test. p<0.05 was defined as significant.

RESULTS
Effects of PGE1 on blood pH and gas tension

No noticeable change in the blood pH or gas tension
was seen when PGE 1 was injected into the portal
vein or into the jugular vein under liver ischemia
(Table 1).

ICG disappearance curves

The ICG disappearance curves under liver ischemia
are shown in Fig. 1. The curve for the liver ischemia
with PGE1 40 ug/kg was downward compared to
the curve in the liver ischemia with saline.

Effects of PGE1 on ICG-K

Comparison between PGE 1 rats and the control
showed that ICG-K values at 60, 120 and 180 min
after liver ischemia were higher in the portal PGE 1
rats than in the control rats. It was noted that ICG-K
values 60 min after liver ischemia ranged in the order
of portal PGE 1 rats, jugular PGE 1 rats, and control
rats. ICG-K response 60 min after the ischemia in the
portal PGE 1 rats was dose dependent (Fig. 2). ICG-
K response due to PGE 1 was blocked by administra-
tion of ONO-AE-829, and this effect was mimicked
by 17-phenyl-trinor prostaglandin E, administration
(Fig. 2).
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Table 1. Blood gas parameters 30 min after 10-min liver ischemia and

PGE1 (40 xg/kg) administration

Portal injection

Jugular injection

Saline PGE 1 PGE 1
Temp (C) 37.0+0.0 37.0%+0.0 37.0%+0.0
Hb (g/dD 15.0%0.1 15.1+0.1 15.4+0.4
pH 7.459+0.018 7.461+0.022 7.491+0.010
Pco, (mmHg) 23.7+1.8 28.3%+1.6 24.44+1.2
Po, (mmHg) 90.6+3.8 87.8+3.7 93.0%+1.3
HCO; (mmol/1) 16.6+1.0 19.9+0.7 18.5+0.9
TCO, (mmol/1) 17.3+1.0 20.7+0.7 19.340.9
BE (mmol/D) 5.1£1.0 2.4+0.9 2.7%+0.8

Values are the mean+SEM (n=¢6).
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Fig. 1. Alterations in plasma disappearance curves of
ICG after PGE 1 injection under liver ischemia. PGE 1 at
40 ug/kg (—) or saline (--) was injected into the portal
vein immediately before liver vascular clamping.

Effects of PGE1 on serum liver and kidney func-
tional scores

The GPT value increased by liver ischemia was
suppressed by portal PGE 1 administration, but jugu-
lar injection of PGE failed to change the GPT value
(Fig. 3). Liver functional parameters -- except for
GPT -- were unchanged after PGE 1 administration.
Kidney functional parameters were unchanged
(Table 2).

Effects of PGE 1 on SAP

No significant differences between PGE 1 rats and
the control were seen in the percent change in SAP
when PGE 1 was given into the portal vein or into
the jugular vein (Fig. 4) .

DISCUSSION

We found that a prior administration of PGE 1 into
the portal circulation supports the liver function
associated with liver ischemia: PGE ] injected into
the portal vein immediately after liver vascular
clamping enhanced ICG-K caused by liver ischemia.
Because ICG-K has been shown to reflect the he-
patocyte function,'”'® this could mean that PGE 1
protects the hepatocytes from ischemia.

Because the selective PGE 1 receptor antagonist
blocked the ICG-K response due to PGE ] and the
response was mimicked by selective PGE 1 receptor
agonist, the observed phenomenon may be mediated
through a specific PGE 1 receptor. Although the
further mechanism is not easy to explain, there are at
least three possibilities: 1) Oxygen free radicals
generated by ischemia/reperfusion cause necrosis of
the liver.!*?® On the other hand, PGE 1 has been
shown to stabilize the membrane of the hepatocy-
tes,'” so that PGE 1 may protect the membrane of
the hepatocytes against damage caused by the oxy-
gen free radicals; 2) Although the microcirculation
has a primary role in controlling the viability of the
parenchymal cells in the liver, intercellular adherence
between the leukocyte and endothelium contributes
to the maintenance of circulation.2?? Considering
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Fig. 2. A. Time courses for ICG-K after PGE 1 injection under liver ischemia. PGE 1 at 40 ug/kg (@) or saline (O)
was portally administered. A bar indicates the time of liver ischemia. Values are the means+SEM (n=6). *p<0.05vs
O. B. ICG-K responses 60 min after PGE 1 injection. PGE 1 at 20 ug/kg (20) or 40 ng/kg (40) or saline (0) was injected
into the portal vein (PV) or the jugular vein (JV). PGE 1 at 40 ug/kg (40) with ONO-AE-829 at 50 ug/kg (AN) or
17-phenyl-trinor Prostaglandin E, at 60 ug/kg (AG) was also given into the portal vein. Values are the means+ SEM
(n=8). *p<0.01 vs 0 and 40+AN. ®p<0.05vs20. *p<0.01vs0.
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Fig. 3. Time courses for liver functional parameters
after PGE 1 administration. PGE1 (H-4, 40 ug/kg) or
saline ([1-O) was portally given, and GPT (@-) and
Alp (W-1) were estimated. A bar indicates the time of
liver ischemia. Values are the means+SEM (n=6). *p<
0.01 vs saline.

these reports together with the finding that the pro-
duction of cytokine moderating the adherence?® can
be regulated by PGE 1,2+ it is possible that PGE 1
determines the viability of the hepatocytes through a
microcirculatory change; 3) Because mitochondrial
function has been shown to be maintained by PGE 1
treatment,’? PGE 1 may maintain hepatocyte func-
tion through the mitochondrial action of PGE 1.
ICG-K is a parameter reflecting hepatocyte func-
tion.!”® PGE 1 has been shown to increase hepatic
blood flow in rats, dogs and pigs,”® but a direct
circulatory. effect of PGE 1 on the hepatocytes can
be excluded in this case because, in the portal vein,
there was no effective blood flow when PGE 1 was
injected.

PGE 1 injected into the jugular vein failed to
change ICG-K. This could mean either that PGE 1
could not reach the liver or that PGE 1 was diluted to
an ineffective concentration in the systemic circula-
tion.

GPT elevation signifies the destruction of the
hepatocytes, and was increased after liver ischemia
in this study. This is in keeping with reports indicat-
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Table 2. Serum chemical parameters 30 min after 10-min liver ischemia

and PGE 1 (40 ug/kg) administration

Portal injection

Jugular injection

Saline PGE 1 PGE1
Glu (mg/dD 180+2 170+13 183114
TP (g/dD 4.9+0.1 4.8%0.1 4.7+0.1
Alb (g/dD 1.940.0 2.0%0.0 1.940.0
TB (mg/dD) 0.1+0.0 0.1+0.0 0.1£0.0
GOT (U/L) 199421 134+ 14 245+31
GPT (U/L) 79+6 56+6° 109+ 26
Alp (U/L) 199 +65° 322432 332430
BUN (mg/dD 18.9£0.9 17.4%0.8 14.1+1.1
Na* (mEq/D) 134.5+1.2 131.3+2.4 133.6+1.7
K* (mEq/D 5.2+0.1 4.840.2 4.8£0.2

Values are the mean+SEM (n=6). #p<0.01 vs portal saline and jugular
PGE 1. ®p<0.01 vs portal and jugular PGE 1.
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Fig. 4. Changes in SAP after PGE 1 injection under
liver ischemia. PGE 1 at 40 ug/kg (@-4) or saline (O-
<) was portally (@-O) or jugularly (@-) administer-
ed. A bar indicates the time of liver ischemia. Values are
the means+SEM (n=6).

ing that liver ischemia produces an increase in
GPT.*-2® ICG-K values also changed with liver is-
chemia; as shown in Figs. 1 and 3, there were simi-
lar time courses for GPT and ICG-K in response to
the ischemia. ICG-K, however, can be estimated more
easily than GPT. It appears that ICG-K estimation is
suited for evaluating the recovery of liver function
from ischemia.

The SAP changes when the liver has been reper-
fused.*~® Moreover, it has been shown that PGE 1

decreases the SAP by dilating the systemic vas-
culature,®™® but the biological half-life of exogenous-
ly administered PGE 1 has been estimated to be 2-5
min.?** In this study, the concentration of PGE 1
effective in enhancing ICG-K evoked no further
change in SAP when the liver was reperfused. An
effect of PGE 1 on ICG-K can be expected without a
great change in systemic arterial circulation.

This experiment simulated a clinical situation in
which the protection of the hepatocytes is required
when the vascular inflow to the liver is blocked.
Consequently, it was noted that the prior administra-
tion of PGE 1 was useful in protecting the hepatocyte
function and that this PGE 1 effect can be expected
to be efficient when PGE 1 is injected into the portal
vein.

From these observations, it was concluded that
PGE 1 injection before liver circulatory occlusion is
specifically effective in diminishing ischemic damage
to the hepatocytes, and a portal injection of PGE 1 is
more efficient than a systemic venous injection.
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