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S ummary.The plasma disappearance rate of indocya-
nine green (ICG-K) under liver ischemia was examined
with or without prostaglandin Et (PGE1) administra-
tion in anesthetized rats. Liver ischemia was induced
for 10 min by clamping the portal vein and the hepatic
artery. PGE1 40^g/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 PGE1 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 PGE1 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.^3) In connection with this, ischemia/reper-
fusion injury of the liver is known to occur after the
resumption of the hepatic blood flow,4) 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).5'6'
Prostaglandin EI (PGE 1) has been shown to increase
hepatic blood flow7~9) and have a protective action on
the hepatocytes.10-12' 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.5"8'

The present study was designed to investigate
whether PGE1 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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n
,

t h e r e w a s n o eff e c tiv e bl o o d fl o w w h e n P G E 1 w a s

i nj e ct e d .

p G E l i nj e c t ed i n t o th e j u g ul a r v ei n f ail ed
t o

ch a n g e I C G
- K ･ T his c o u ld m e a n eit h e r th a t P G E 1

c o uld n ot r e a c h t h e li v e r o r t h a t P G E 1 w a s dil u t ed t o

a n i n eff e c ti v e c o n c e n t r a ti o n i n th e s y st e m ic ci r c ul a
-

ti o n .

G P T ele v a ti o n si g nifi e s th e d e st r u c ti o n of t
h e

h e p at o c y t e s , a n d w a s i n c r e a s ed af t e r li v e
r is ch e m i a

i n t his s t u d y . T his is i n k e e pi n g w ith r e p o r t s i n di c a ト



Ⅲe p a t o c y t e P r o t e c ti o n b y P r o s t a gl a n d i n

T a bl e 2 ･ S e r u m c h e m i c a l p a r a m e t e r s 3 0 m i n a ft e r 1 0- m i n li v e r i s c b e m i a

a n d P G E 1 ( 4 0 〟g/ k g) a d m i n i st r a ti o n

P o r t a l i n j e c ti o n J u g u l a r i nj e c ti o n

S a li n e P G E 1 P G E 1

G l u ( m g/ d l)

T P ( g/dl)

A lb ( g/ dl)

T B ( m g/ d l)

G O T ( U / L)

G P T ( U / L)

A l p ( U / L)

B U N ( m g/dl)

N a
＋

( m E q/ I)

K
＋

( m E q/I)

1 8 0 ±2

4 . 9 ±0 . 1

1
. 9 ±0 . 0

0 . 1 ±0 . 0

1 9 9 ±2 1

7 9 ±6

1 9 9 ±6 5
b

1 8 . 9 ±0 . 9

1 3 4 . 5 ±1 . 2

5 . 2 ±0 .
1

1 7 0 ±13

4
.
8 ±0 . 1

2 . 0 ±0
. 0

0 . 1 ±0 . 0

1 3 4 ±1 4

5 6 ±6
a

3 2 2 ±32

1 7 . 4 ±0 . 8

1 3 1 . 3 ±2
. 4

4 . 8 ±0 . 2

1 8 3 ±14

4 . 7 ±0 . 1

1 . 9 ±0 . 0

0 . 1 ±0 . 0

2 4 5 ±31

1 0 9 ±2 6

3 3 2 ±3 0

1 4 . 1 ±1
.
1

1 3 3 . 6 ±1 . 7

4
. 8 ±0 . 2

V a l u e s a r e t h e m e a n ±S E M ( n - 6 ) .

a

p < 0 . 0 1 v s p o rt al s a li n e a n d j u g u l a r

P G E l .

b

p < o . o l v s p o r t a l a n d j u g u l a r P G E l .

●2 0

A

<
の

l=:

I )

宅 ■

=
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0

I J
ー

O

A

2 ｡+

5 m j n

Fi g ･ 4 ･ C h a n g e s i n S A P a ft e r P G E l i nj e c ti o n u n d e r
li v e r i s c h e mi a ･ P G E 1 a t 4 0 /` g/ k g ( ●- ◆) o r s ali n e ( ○-
◇) w a s p o rt a ll y ( ●- O ) o r j u g u l a rl y (◆- ◇) ad m i n i s t e r -

e d . A b a r i n d i c a t e s t h e ti m e o f li v e r i s c h e m i a . V a l u e s a r e

t h e m e a n s ±S E M ( n - 6) .

i n g t h at li v e r is c h e m i a p r o d u c e s a n i n c r e a s e i n

G P T ･

2 6‾2 8) I C G - 氏 v al u e s al s o c h a n g e d w ith liv e r is
-

ch e m l a ; a S S h o w n i n Fi g s ･ 1 a n d 3 , t h e r e w e r e si m i -

l a r ti m e c o u r s e s f o r G P T a n d I C G - K i n r e s p o n s e t o

t h e i s c h e m i a . I C G - K
,
h o w e v e r

,
c a n b e e sti m a t e d m o r e

e a sil y t h a n G P T . I t a p p e a r s t h a t I C G - K e sti m a ti o n is

s uit e d f o r e v al u a tin g th e r e c o v e r y of li v e r f u n c ti o n

f r o m is ch e m i a .

T h e S A P c h a n g e s w h e n th e li v e r h a s b e e n r e p e r
-

f u s e d .
4‾6) M o r e o v e r

,
it h a s b e e n s h o w n t h a t P G E 1

8 5

d e c r e a s e s th e S A P b y dil a ti n g th e s y st e m i c v a s -

c u l at u r e
,

51 8) b u t t h e bi ol o gi c al h alf -lif e o f e x o g e n o us -

1y ad m in ist e r e d P G E 1 h a s b e e n e sti m a t e d t o b e 2-5
m i n ･ 2 9 ･ 3 0) I n thi s st u d y , t h e c o n c e n t r a ti o n of P G E 1

eff e cti v e in e n h a n ci n g I C G - K e v o k e d n o f u rt h e r

c h a n g e i n S A P w h e n th e li v e r w a s r e p e rf u s e d . A n

eff e c t of P G E 1 o n I C G - K c a n b e e x p e ct e d w it h o u t a

g r e a t c h a n g e i n s y st e m ic a r t e ri al ci r c ul a ti o n .

T his e x p e ri m e n t si m ul a t e d a clini c al sit u a ti o n in

w h ic h t h e p r o t e c ti o n of th e h e p at o c y t e s is r e q uir ed

w h e n th e v a s c ul a r i n fl o w t o t h e li v e r is bl o c k e d .

C o n s e q u e n tly , it w a s n ot e d th a t t h e p ri o r a d m i ni st r a -

ti o n of P G E 1 w a s u s ef ul i n p r o t e c ti n g th e h e p a t o c y t e

f u n c ti o n a n d t h a t t his P G E 1 eff e c t c a n b e e x p e c t e d

t o b e effi ci e n t w h e n P G E 1 is i nj e c t ed i n t o t h e p o r t al

V el n .

F r o m th e s e ob s e r v a ti o n s
,
it w a s c o n cl u d e d t h at

P G E 1 inj e c ti o n b ef o r e li v e r cir c ul at o r y o c cl u si o n is
s p e cifi c ally eff e cti v e i n di m i ni shi n g is c h e m i c d a m a g e

t o th e h e p a t o c y t e s , a n d a p o rt al i nj e c ti o n of P G E 1 is
m o r e effi ci e n t th a n a s y s t e m ic v e n o u s I nj e cti o n .

A c k n o w l e d g m e n t s ･ T h e a u t h o r s a r e g r e a tl y i n d e bt e d t o
P r o f ･ D r

･ K a z u h i r o T s u k a d a (S e c o n d D e p a rt m e n t o f

S u r g e r y , T o y a m a M e d i c al a n d P h a r m a c e u ti c a l U n i v e r_
sit y) f o r h i s a d v i c e o n t hi s p r oj e c t . T h e P G E l a n d O N O -

A E -8 2 9 u s e d in t hi s st u d y w e r e s u p p li e d b y O n o P h a r m a -

c e u ti c a l C o .

,
L td .

,
O s a k a .
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R E F E R E N C E S

1) P ri n g l e J H : N o t e s o n t h e a r r e st o f h e p a ti c h e m o r
-

r h a g e d u e t o t r a u m a .
A n n S u n g 4 8 : 5 4 1- 5 4 9 , 1 9 0 8 ･

2) G o o d all R G W ,
H y n d m a n W W B , C u r d F N : S t u di e s

o n h y p o th e r m i a i n a b d o m i n a l s u
r g e r y ･ ⅠⅠ･ O c cl u si o n

o f th e v a s c u l a r i n fl o w t o t h e li v e r . A M A A r c h S u 7 g

7 5 : 1 0 1 ト10 1 9
,
1 9 5 7 .

3 ) T o l e d oI P e r e y r a L H : Li v e r t r a n s pl a n t a ti o
n r e p e r

-

f u si o n i nj u r y . F a c t o r s i n i t s d e v e l o p m e n t a n d a v e
-

n u e s f o r t r e a t m e n t . K li n W o c h e n s c h r 6 9 : 1 0 9 9- 1 1 0 4 ,

1 9 9 1 .

4) R a ff u c c i F L : T h e e ff e c t s o f t e m p o r a r y o c cl u si o n o
f

t h e a f f e r e n t h e p a ti c ci r c u l a ti o n i n d o g s . S u 7 g e 7 y 3 3 :

3 4 2- 3 5 1 , 1 9 5 3 .

5) H e m m i n g A W ,
S c u d a m o r e C H , S h a c k l e t o n C R ,

P u d e k M , E r b S R : I n d o c y a n i n e g r e e n c l e a r a n c e a s a

p r e d i c t o r o f s u c c e s s
f u l h e p a ti c r e s e c ti o n i n ci r r h o t

i c

p a ti e n t s . A m I S u 7 g 1 6 3 : 5 1 5- 5 1 8 , 1 9 9 2 .

6 ) J al a n R , P l e v ri s J N , J a l a n A R , F i n l a y s o n N D C ,

Ⅲ a y e s p c : A pil o t s t u d y o f i n d o c y a ni n e g
r e e n c l e a r

-

a n c e a s a n e a rl y p r e di c t o r o f g r a ft f u n c ti o n . T r a n s -

p l a n t a ti o n 5 8 : 1 9 6- 2 0 0 , 1 9 9 4 .

7) T s u k a d a K , K a t o h H , I g a Y , T o m iy a m a T , O k a m u r a

N
,
S u gi m o t o F , O h t a n i T , Ii ai T , S a k a g u c hi T ,

y o sh i d a K
,
M u t o T : P r o s t a g l a n di n E l e n h a n c e s

h e p a ti c p o r t a l v e n o u s fl o w b y
d il a ti n g th e p o r t a l

v a s c u l a r b e d i n 7 0
0

/o h e p a t e c t o m i z e d d o g . G a s-

t r o e n t e r ol h n 2 7
.

. 3 4 11 3 4 7 , 1 9 9 2 .

8 ) N a k a d a i r a K , T s u k a d a K , S a k a g u c h i T , S hi r ai Y ,

K u r o s a k i I , O h t a k e M , Y o s hi d a K , M u t o T : A p h a r
-

m a c o l o g i c a l a n a l y si s o f P r o st a g l a n di n E I O n p o rt al

bl o o d fl o w a ft e r p a rti a l h e p a t e c t o m y i n r a t s
･ S u p:g

T o d a y 2 3 : 2 7 71 2 7 9 , 1 9 9 3 .

9) O h t a k e M , C u i X , S a k a g u c h i T , I s h i z u k a D , M a r u t a

T
,
M a k i n o S

,
S h i r a i Y

,
Ⅲ a t a k e y a m a K : S u p p r e s si o n

o f li v e r b l o o d fl o w b y c a r b o n d i o x i d e p n e u
m o p e r

-

it o n e u m c a n b e i m p r o v e d b y p r o st a g l a n d i n E l i n

p ig s . A ct a M e d B i o 1 4 7 : 1 4 7- 1 5 3 , 1 9 9 9 .

1 0) Si n cl a i r S B , G r ei g P D , B l e n d i s L M ,
A b e c a s si s M ,

R o b e r t s E A
,
P h illip s M J , C a m e r o n R , L e v y G A :

B i o c h e m i c al a n d c li n i c a l r e s p o n s e o f f u l m i n a n t v i r a l

h e p a ti ti s t o a d m i n i s t r a ti o
n o f p r o s t a gl a n d i n E ･ ∫

C li n I n v e st 8 4 : 1 0 6 31 1 0 6 9 , 1 9 8 9 .

l l) B e c k P L , M c K n i g h t G W ,
K e ll y J K , W a ll a c e J L , L e e

s s : Ⅲ e p a ti c a n d g a s t ri c c y t o p r o t e c ti v e e ff e c t s o f

l o n g-t e r m p r o s t a gl a n d i n E l a d m i n i s t r a ti o n i n c i r r
-

h o ti c r a t s . G a s tr o e n t e r o l o gy 1 0 5 : 1 4 8 3- 1 4 8 9 , 1 9 9 3 .

1 2) S u z u k i H , S u e m a t s u M , I s hii H , K a t o S , M i k i H ,

M o ri M
,
I s h i m u r a Y

,
N i s h i n o T

,
T s u c h i y a M : P r o s-

t a g l a n d i n E l a b r o g a t e s e a rl y
r e d u c ti v e s t r e s s a n d

z o n e- s p e c ifi c p a r a d o x i c a l o x i d a ti v e i nj u r y i n h y p o
-

p e rf u s e d r a t li v e r . I C li n I n v e st 9 3 : 1 5 5- 1 6 4 , 1 9 9 4 .

1 3) A o n o T , S a k a g u c h i T , N a k a d a i r a K , O h t a k e M ,

M u t o T : O r a ll y a d m i n i st e r e d p r o s t a g
l a n d i n E l

d e ri v a ti v e c a n e n h a n c e li v e r r e g e n e r a ti o n i n p a r-

ti a ll y h e p a t e c t o m i z e d r a t s ･ B i o ch e m
P h a r m a c o 1 4 6 :

7 6 7- 7 6 9 , 1 9 9 3 .

1 4) F o s c hi D , C a s t o ld i L , L e s m a A , M u s a z zi M ,

B e n e v e n t o A
,
T r a b u c c h i E : E ff e ct s o f i s c h a e m i a a n d

r e p e r f u si o n o n li v e r r e g e n e r a ti o n i n r a t s
･ E u r J S u y g

1 5 9 : 3 9 3- 3 9 8 , 1 9 9 3 .

1 5) S a k a g u c hi T , N i s hi m u r a A , C u i X , A o n o T : P l a s m a

i n d o c y a n i n e g r e e n di s a p p e a r a n c e i n d u c e d b y el e c t ri-

c a l sti m u l a ti o n o f t h e h e p a ti c v a g al b r a n c h i n r a t s
･

A c ta M e d B i o1 4 6 : 8 9- 9 2
,
1 9 9 8 .

1 6) T a k e u c h i K , U k a w a H , F u r u k a w a 0 , K a w a u c h i S ,

A r a k i H
,
S u gi m o t o Y , I s hi k a w a A , U s

h i k u bi F ,

N a r u m i y a S : P r o s t a g l a n di n E r e c e p t o r s u b t y p e s

i n v ol v e d i n s ti m u l a ti o n o f g a st r o d u o d e n al b i c a r b o n -

a t e s e c r e ti o n i n r a t s a n d m i c e . I P hy si o I P h a r m a c o1

5 0 : 1 5 5- 1 6 7 , 1 9 9 9 .

1 7) A o n o T , S a k a g u c h i T , T s u k a d a K , F uj it a N , I s h id u-

k a D
,
H a t a k e y a m a K : P r o st a g l a n di n E l i n c r e a s e s

i n d o c y a n i n e g r e e n d i s a p p e a r a n c e r a t e i n p a ti e
n t s

w it h c h r o n i c li v e r d i s e a s e . I I n t M e d R e s 2 3 :

2 9 9- 3 0 7
,
1 9 9 5 .

1 8) T s u k a d a K , S a k a g u c h i T , A o n o T , I s hi z u k a D ,

F ujit a N , H a t a k e y a m a K : I n d o c y a n i n e g r e e n d i s
-

a p p e a r a n c e e n h a n c e d b y p r o s t a g l a n d i n
E
l
i n

p a ti e n t s w it h h e p a ti c r e s e c ti o
n

･ I S u 7 g R e s 6 6 :

6 4- 6 8
,
1 9 9 6 .

1 9) A d ki s o n D , H o ll w a rt h M E , B e n o i t J N , P a r k s D A ,

M c C o r d J M , G r a n g e r D N : R o l e o f f r e e r a d i c a l s i n

i s c h e m i a- r e p e rf u si o n i nj u r y t o t h e li v e r . A ct a P h y si o I

S c a n d S upp 1 5 4 8 : 1 0 1 1 0 7 , 1 9 8 6 .

2 0) K a w a m o t o S , I n o u e M , T a sh i r o S , M o ri n o Y , M i y a u-

c h i Y : R o l e o f f r e e r a d i c a l s i n e n t e r o
- h e p a ti c d y sf u n

-

c ti o n c a u s e d b y p o rt a l ci r c u l a t o r y d i st u r b a n c e :

e ff e c t o f S O D d e ri v a ti v e . T r a n spl a n t P r o c 2 1 :

1 2 8 7- 1 2 8 9 , 1 9 8 9 .

2 1 ) V e d d e r N B , W i n n R K , R i c e C L , C hi E Y , A rf o r s K E ,

H a rl a n J M : A m o n o cl o n a l a n ti b o d y t o t h e a d-

h e r e n c e -

p r o m o ti n g l e u k o c y t e g l y c o p r o t ei n , C D 1 8 ,

r e d u c e s o r g a n i nj u r y a n d i m p r o v e s s u r v i v a l f r o m

h e m o r r h a gi c s h o c k a n d r e s u s c it a ti o n i n r a b b it s ･ I

C li n I n v e st 8 1 : 9 3 9- 9 4 4 , 1 9 8 8 .

2 2) V e d d e r N B , W i n n R K , R i c e C L , C h i E Y , A r f o r s K E ,

H a rl a n J M : I n h ib i ti o n o f l e u k o c y t e a d h e r e n c e b y

a n ti-C D 1 8 m o n o cl o n a l a n tib o d y a t t e n u a t e s r e p e r
-

f u si o n i nj u r y i n th e r a b b i t e a r . P r o c N a il A c a d S ci

U S A 8 7 : 2 6 4 3- 2 6 4 6 , 1 9 9 0 .

2 3) W i n n R K , V e d d e r N B , M i h e l ci c D , Fl a h e r t y L C ,

L a n g d a l e L , H a rl a n J M : T h e r ol e o f a d h e si o n m ol e-

c u l e s i n r e p e rf u si o n i nj u r y . A g e n ts A ctio n s S u pp 1 4 1 :

1 1 3- 1 2 6 , 1 9 9 3 .

2 4) K u n k e l S L , C h e n s u e S W , P h a n S H : P r o st a gl a n di n s

a s e n d o g e n o u s m e di a t o r s o f i n t e rl e u k i n 1 p r o d u c
-

ti o n . I I m m u n o 1 1 3 6 : 1 8 6- 1 9 2 , 1 9 8 6 ,

2 5) H a rl a n J M , V e d d e r N B , W i n n R K , R i c e C L : M e c h a
-

ni s m s a n d c o n s e q u e n c e s o f l e u k o c y t e- e n d o t h eli al

i n t e r a c ti o n . W e st I M ed 1 5 5 : 3 6 5- 3 6 9 , 1 9 9 l .

2 6) S u m i m o t o K , I n a g a k i K , It o H , M a r u b a y a s h i S ,

Y a m a d a K
,
K a w a s a ki T

,
D o h i K : I s c h e m i c d a m a g e

p r e v e n ti o n b y c o e n z y m e Q l ｡ t r e a t m e n t O f th e d o n o r

b e f o r e o rt h o t o pi c li v e r t r a n s pl a n t a ti o n : b i o c h e m i c a l

a n d h i s t o l o gi c f in d i n g s . S u y g e 7 y 1 0 2 : 8 2 ト82 7 , 1 9 8 7 .



2 7) O n t ell SJ , M a k o w k a L
,
T r a g e r ∫, M a z z af e r r o V

,

O v e P
,
St a r zI T E : P h a r m a c ol o g i c m o d u l a ti o n o f

e x p e ri m e n t al p o sti s c h e mi c h e p a ti c f u n c ti o n . A n n
S u 7 g 2 0 9 : 2 0 0- 2 1 0

,
1 9 8 9 .

2 8) S t ei n H J
,
O o st h u i z e n M M

, H i n d e r R A
,
L a m p r e c h t s

Ⅲ: o x y g e n f r e e r a di c a l s a n d gl u t a t h i o n e i n h e p a ti c
i s c h e mi a / r e p e r f u si o n inj u r y . I S u p:g R e s 5 0 : 3 9 81
4 0 2

,
1 9 9 1 .

H e p a t o c y t e P r o t e c ti o n b y P r o s t a gl a n di n 8 7

2 9) F e r r ei r a S H
,
V a n e J R : P r o st a g l a n d i n s : th e i r di s _

a p p e a r a n c e f r o m a n d r e le a s e i n t o t h e c i r c u l a ti o n .

N a t u r e 2 1 6 : 8 6 8- 8 7 3 , 1 9 6 7 .

3 0) D a w s o n W
, J e s s u p SJ , M c D o n a ld - G i b s o n W

,

R a m w e ll P W
,
S h a w J E : P r o st a gl a n d i n u pt a k e a n d

m e t a b o li s m b y t h e p e rf u s e d r a t li v e r . B r I P h a r-
m a c o 1 3 9 : 5 8 5- 5 9 8 , 1 9 7 0 .




