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Abstract. In living-related transplantation, warm ischemia/reperfusion damage (IRD) of liver grafts is inevitable
during harvesting.ln this study, we investigated the effects
of prostacyclin (PGiz) on IRD of liver grafts in the rat liver
transplant model. Donor rats underwent 30-min warm
ischemia of part of the liver (right lateral and medial
lobes). After 10 min of reflow, the ischemic partial livers
were flushed with Ringer's lactate and immediately transplanted into untreated recipients. Donor animals were
divided into two groups: group I received vehicle, and
group II received PGh analog OP-41483 (OP, 500 ng/kg
per min, i. v.) during the donor operation. One-week survival was studied and cellular adenine nucleotide levels of
donor livers were assayed by high-performance liquid
chromatography (HPLC). Donor treatment with PGh
analog group II significantly improved 1-week survival
(86% ), in comparison with the controls group I (25% ).
The levels of total adenine nucleotides (TAN, Jlmol/g dry
wt) of the grafts just before implantation were well maintained by PGh treatment (12.22), as compared with the
controls (10.36). In summary, PGiz treatment of the donor
maintained high energy metabolism of the liver graft after
JRD and improved the survival of recipients after transplantation. Our study suggested that PGh treatment of
donors improves viability in liver grafts from living donors
thus and increases graft availability for transplantation.
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Recently, the shortage of hepatic grafts for children has
prompted the use of reduced-sized grafts from adults and
the use of living-related liver donors. These complicated
donor-harvesting procedures result in an increased incidence of warm ischemia/reperfusion damage (IRD) to
liver grafts and a decrease in graft viability. It is of utmost
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importance that living-donor hepatectomy is performed
safely. Besides, one of the major reasons for retransplantation is the primary nonfunction of a graft resulting from
warm IRD. Therefore, the alleviation of warm IRD during donor harvesting would be of benefit in liver transplantation.
Prostacyclin (PGh) and its analogs have several physiological actions such as antiplatelet aggregation [1 ], vasodilation [2] and cytoprotection [3], and our group as well
as others have shown that they are protective in warm
ischemia [4) or cold preservation of the liver [5-7]. The
aim of this study was to investigate the effects of a stable
PGiz analog (OP-41483) on graft viability after IRD, in
particular in a setting of living-related transplantation.

Materials and methods
Transplantation procedure. Male Wistar rats, weighing 200-300 g
were used as donors and recipients. In a setting of IRD during harvesting ofliver grafts from living donors, a temporary normothermic
IRD was induced by methods described previously by our group (8).
Briefly, the left portal vein and hepatic artery of the donor rats were
occluded with a microvessel clip 15 min after the abdomen was opened. After 30 min of liver ischemia, the vascular clip was released
and the right and caudate Jobes were excised, leaving behind only the
ischemic left lateral and median lobes. After 10 min of reflow, the
donor left lateral and median lobes were flushed with Ringer's lactate and immediately transplanted into untreated recipients without
arterialization {Fig.l ). Details of the technique of liver removal and
orthotopic liver transplantation have been described previously [9].
To estimate technical standards, results from eight fresh reducedsized-liver transplants were added.
Experimental protocol. Donor rats were divided into two groups:
group I received vehicle, and group II received PGI 2 analog (OP41483,500 ng/kg per min, i. v.) continuously from soon after the abdomen was opened to the removal of the donor graft. OP-41483
(OP) (15-cyclopentyl-w-pentanor-5(E)-carbacyclin; Ono Pharmaceutical, Osaka, Japan] was dissolved in Ringer's lactate at 2.5Jlg/ml.
Fifteen rat liver transplants were performed in both groups for the
preliminary 1-week survival study. Donor liver tissue specimens
(50 mg-100 mg) were taken after opening the abdomen, after 30 min
ischemia and after harvesting (just before implantation) for the
determination of adenine nucleotide tissue concentrations.
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Fig. I. A Schematic diagram for the induction of warm IRD liver
during donor operation. Afferent vessels were occluded by a small
clip. B After 30 min, the clip was released and right lateral and ~au
date lobes were removed. C After 10 min reflow, the reduced hver
was flushed with 10 ml of cold Ringer's lactate and stored in 50 ml
Ringer's lactate at 4 ·c prior to implantation

Measurement of adenine nucleotides. The concentrations of adenine
nucleotides in donor livers were measured by a modification of the
technique described by Kamiike et al. [10]. Adenosine triphosphate
(ATP), adenosine diphosphate (ADP) and adeno~in~ monophosphate (AMP) were measured by high-performance hqUld chromatography (HPLC) on an anion exchanger column, DEAE-2SW
(4.6 x 250 mm, Toyo Soda Manufacturing), equilibrated with 0.38 M
phosphate buffer, pH 6.56. The energy charge was calculated according to the formula proposed by Atkinson [11]; energy charge
(EC) = (ATP + 0.5 ADP)/(ATP + ADP +AMP). Total adenine nucleotides (TAN) levels were calculated by the following formula:
TAN= ATP + ADP +AMP.
Statistical analysis. Fisher's exact test and Student's /-test were
utilized for determining significant differences in the survival rate
and in the ATP and cyclic nucleotide levels respectively.

J.lmol/g dry wt] in PGiz-treated livers in group I was significantly higher than that of the control group [0.98
(0.20) J.lmoVg dry wt]. However, there was no significant
difference in the ATP levels of liver grafts in the two
groups just before implantation. On the other hand, the
ADP levels in the livers decreased gradually after ischemia and returned gradually to normal after reperfusion
without a significant difference between the two groups
(Fig. 3). A significant increase in AMP [6.82 {0.86) J.lmoVg
dry wt] was observed in PGI 2-treated livers at the end of
the 30 min ischemia, as compared with that (5.44
(0.44) J.lmoVg dry wt] of the control group (Fig.4). But,
there was no significant difference in AMP levels of liver
grafts in the two groups before implantation.
In contrast, the TAN levels in PGiz-treated liver were
11.55 (1.44) J.lmol/g dry wt at the end of 30 min ischemia,
and 12.22 (1.29) J.lmoVg dry wt before implantation, which
were significantly higher than those of the control group
8.85 (0.36) J.lmoVg dry wt and 10.36 (0.90) J.lmol/g dry wt
respectively (Fig. 5). No significant differences were observed in the energy charge (EC) of the two groups at the
end of ischemia or after donor harvesting.

Results
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One-week survival rates for the two groups of animals are
shown in Table 1. In group I, 25% of rats (2/8) survived;
four animals died of liver failure within 24 h of transplantation and two rats died between the 1st and 3rd days. In
contrast, PGiz treatment of the donor (group II) mark~d
ly improved 1-week survival (86%, 6/7), which was statistically significantly higher than that of the control group I
(Fisher's exact test, P < 0.01 ). The 1-week survival of eight
animals grafted with 70% of fresh liver was 100% (8/8),
which indicated that the technical problems were comoletely overcome.
Figures 2-5 show the changes in adenine nucleotide
·oncentrations in the livers biopsied at the end of the
10 min ischemia or just before implantation. The cellular
\TP levels in the livers of both groups showed a marked
iecrease at the end of the 30 min ischemia, and returned
to 60-70% of the pre-ischemia levels after donor harvesttng (after 30 min ischemia and 10 min reflow) (Fig.2). At
the end of the 30 min ischemia, ATP [1.76 (SD =0.58)
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Fig.2. Changes in hepatic cellular contents of adenosine triphosphate (ATP) in donor livers. Small specimens were taken at the
times indicated during donor operation. Values are means for five
experiments. (e) Group I; ( 0) Group II.* P < 0.05 vs.Group I
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Fig.3. Changes in cellular contents of adenosine diphosphate
(ADP) in donor livers. The data were obtained from the same extracts as for Fig. I. Values are means for five experiments. (e)
Group I; ( 0) Group II
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Flg.4. Changes in cellular contents of adenosine monophosphate
(AMP) in donor livers. The data were obtained from the same extracts as for Fig. 1. Values are means for five experiments. ( •)
Group I; ( 0) group II;* P < 0.05 vs group I
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Fig.S. Cellular total adenine nucleotides (TAN; ATP + ADP +
AMP) levels soon after laparotomy, at the end of 30 min ischemia
and after harvesting Uust before implantation). Values are means for
five experiments. (e) Group I; ( 0) group II; 'p < 0.05 v.s. group I

livers in the rat after cold preservation for 24 h with the
combined use of OP-41483 and lactobionate solution [7).
In the present study, we tested the effects of OP-41483 on
graft viability after warm IRD in a rat liver transplant
model.
Sumimoto et al. [14) have indicated that 30 min is the
critical time for warm ischemia during the donor operation in the rat liver transplant model. In our present
study, the effects of OP-41483 on a 30-min ischemic insult
and 10-min reperfusion injury during the donor operation
were assessed by the survival of the transplanted rats, and
by measuring cellular adenine nucleotides in the donor
liver. Donor treatment with PGiz improved the 1-week
survival (86% vs 25 % in the control group), and this
correlated with well maintained levels ofTAN.
A relationship between energy metabolism and the extent of ischemic tissue damage has been demonstrated in
experimental models [15, 16). However, our results demonstrated that there were no significant differences in levels of ATP, ADP and AMP between PGI2-treated liver

Discussion
In living-related transplantation, both the liver graft and
the liver remaining in the living donor have to remain
viable. Therefore, the grafts from living donors are easily
exposed to warm IRD, in addition to cold ischemic injury.
PGiz and its analogs protect the liver against warm
ischemic insult [4] and are efficacious in cold preservation
[5-7). However, its major drawback is that it is highly unstable [12), with ureliable results. The synthetic compound, OP-41483 is stable for more than 20 days even at
60 ·c and is independent of the pH of the solution and has
similar pharmacological effects to those of native PGh
[13]. In a previous study, we succeeded in transplanting

Table L One-week survival rates of rats grafted with fresh liver
grafts, or liver grafts exposed to warm IRD
One-week Causes of death (xn)
survival (%)
Fresh liver grafts

8/8 (100)

Liver grafts exposed to IRD
Group I
(vehicle treatment of donor) 2/8 (25)
Group II
(PGh treatment of donor)

6/7 (86)*

* P < 0.01 vs group I
IRD, Ischemia reperfusion damage

bleeding ( 1)
liver failure (3)
obstructive jaundice (2)
bleeding (1)
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grafts and untreated grafts after harvesting (just before
implantation). Kamiike et al. [10] have demonstrated that
TAN levels of human donor grafts correlated and predicted the graft viability after transplantation, in comparison with ATP levels. This was confirmed by our result that
TAN levels of IRD-induced grafts were well maintained
by PGiz treatment, and this reflected the graft survival
after transplantation.
The exact cytoprotective mechanism of PG Iz at the cellular level has been investigated by others [3, 17]. Sikujara
et al. [4] have indicated that PGiz is capable of protecting
the liver from 75-min ischemic insult. Although the livers
were not subsequently transplanted, they concluded that
elevated ATP and cyclic nucleotide levels of PGiz-treated
livers played an important role in successful cytoprotection during ischemia. In our present study, elevated levels
not only of ATP but also AMP at the end of 30-min ischemia were observed in PGiz-treated livers. During warm
ischemia of the liver, AMP is degraded rapidly to xanthine
via adenosine, inosine, hypoxanthine [18). Although the
levels of degradation products such as purine catabolites
were not measured in our study, our results suggested that
degradation of ATP to urate was more retarded by PGiz
treatment at the AMP to adenosine step at the end of
30 min ischemia, which may contribute to well maintained
TAN levels of the graft after harvesting (just before implantation).
In summary, our data suggested that PG lz-treatment of
donors maintained graft viability before and after transplantation. Future clinical application of PGlz during
donor harvesting from not only cadavers but also living
donors may contribute to maximal utilization of available
donor grafts.
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