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BRIEF REPORT

The beneficial effect of prostacyclin
analogue (OP 2507) on rat liver
transplantation subjected to an
extended anhepatic phase

Abstract We investigated the effect
of a prostacyclin analogue
(OP2507) on PVG (RT1¢) recipients
subjected to an extended anhepatic
phase {AH) and transplanted ortho-
topically with PVG livers. All of the
animals that underwent orthotopic
liver transplantation (OLT) with a
20-min AH survived for 1 week with
or without OP2507 (OP) treatment
(10/10, 100 %). When the AH was
lengthened to 45 min, the 1-week
survival rate of recipients was poor
in OP-untreated groups (1/10,

10 %). Treatment of the recipient
with OP2507, 0.15 ug/kg per minute
for 30 min, prior to the 45-min AH
substantially improved 1-week sur-

vival (5/6, 83.3 %, P < 0.05). The se-
rum TNF-a level at day 1 in OP-
treated animals that underwent
OLT with a 45-min AH was signifi-
cantly lower than that in animals
with 45-min AH OLT without OP
treatment. We conclude that
OP2507 treatment has potential
usefulness as a perioperative treat-
ment when the AH is extended dur-
ing OLT.
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Introduction

Even when a fresh and viable donor liver is used for
transplantation, every liver is damaged to some extent
during or after a prolonged anhepatic phase (AH).
Such damage cannot be evaluated precisely in the clin-
ical setting since all post-transplant complications are
physiologically or pharmacologically manipulated. It
has previously been demonstrated that in rat ortho-
topic liver transplantation (OLT) using the cuff tech-
nique, it is easy to assess the influence of the AH on
the liver graft [5, 11] and that the maximum AH toler-
ated by rats is 26 min [1, 7, 9]. We, along with others,
have also reported that prostacyclin (PGI,) and its ana-
logues are cytoprotective in various types of liver inju-
ries following liver transplantation [3, 4, 14, 17, 19].
Therefore, in the present study, we have investigated
the effect of treatment with a PGIL, analogue
(OP2507) on an extended AH during OLT and how

this is related to post-transplant graft survival and the
serum TNF-a level.

Materials and methods

Male PVG (RT1°) rats supplied by the Animal Resources Center
(Perth, Australia) weighing 250-300 g were used as donors and re-
cipients. Rats were cared for according to the guidelines set by the
National Health and Medical Research Council {(Australia) and
they had free access to food and water before and after surgery.
All surgical procedures were carried out under ether anesthesia in
the early morning [7]. Prior to donor hepatectomy, the animals
were treated with 200 units of the anticoagulant heparin intrave-
nously, and the liver grafts were flushed with 10 ml of chilled Ring-
er’s solution. Following cuff formation, donor livers were stored
prior to transplantation in 50 ml of Ringer’s solution at 4 °C.

In the recipient operation, the procedures were divided into the
following three stages. In stage 1, before the anhepatic phase
(AH), following the initial incision, the recipient’s native liver was
mobilized, and after clamping the suprahepatic vena cava {SVC),
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infrahepatic vena cava (IVC), and portal triads, the liver was re-
moved. In stage 2, during AH, the SVC was anastomosed using 7-
0 nylon suture, followed cuff anastomosis of the portal vein (PV)
and the IVC, respectively. Finally, in stage 3, after AH, reperfusion
of the liver graft was followed by anastomosis of the bile duct and
closure of the skin; the hepatic artery was not reconstructed.

The AH is defined as the period of time between clamping and
declamping of the PV. In the present study, we fixed the time of
each stage in all recipient operations. Stage 1 was 30 min, stage 2
was either 20 min (safe AH) or 45 min (lethal AH), and stage 3
was 5 min. At the beginning of all operations, the cannulation and
subsequent continuous infusion of OP2507 or Ringer’s solution
were carried out via the penile vein. OP2507 (OP; [15-cis-(4-
propylcyclohexyl)-16,17,18,19,20-pentanor-9-deoxy-9«, 6-nitrilo-
PGF1 methyl ester]) was dissolved in Ringer’s lactate at 1 ug/ml.
At the end of the operation, an intramuscular antibiotic (cefaman-
dol sodium, 100 mg/kg) was given.

The animals were divided into six experimental groups as fol-
lows:

Group 1: No transplantation, OP (0.15 pg/kg per minute) treat-
ment for 30 min

Group 2: AH 20 min, no treatment

Group 3: AH 20 min, OP {0.15 pug/kg per minute) treatment for
stage 1 alone

Group 4: AH 45 min, no treatment

Group 5: AH 45 min, OP (0.15 ug/kg per minute) treatment for
stage 1 alone

Group 6: AH 45 min, Ringer’s solution for stage 1

In groups 4-6, during the first 25 min of 45-min AH, the recipient
operation was ceased temporarily and the donor liver was stored
in 50 ml of Ringer’s solution at 4°C in the refrigerator. The effect
of this additional 25-min cold preservation time on graft survival
could be ignored because rat livers stored at 4°C for up to 4 h in
Ringer’s solution were all viable on transplantation if the AH was
within 20 min (unpublished observations). During the remaining
20 min of the 45-min AH, the donor liver was transplanted into
the recipient according to the stage 2 procedure. These procedures
allowed all donor grafts to be subjected to the same conditions
(e.g., warm ischemia or rewarming time) across every group of
OLT, regardless of whether the AH was fixed at 20 min or 45 min.

In each group, 200-ul serum samples were taken from the tail
veins of surviving rats on days 1 and 7 following OLT. The 1-week
survival rate and the serum level of TNF-a were assessed in each
of the groups. TNF-a was measured using an enzyme immunoassay
(ELISA) according to the manufacturer’s instructions (Pharmin-
gen, San Diego, Calif., USA). Purified rat anti-mouse TNF-o mon-
oclonal antibody and biotin rabbit anti-mouse TNF-a (Pharmin-
gen) were used as primary and secondary antibodies, respectively.

All data are expressed as mean + SEM. Fischer’s exact test was
used to determine significant differences in the survival rates, and
an unpaired Student’s ¢-test was used for assessing TNF-a. P val-
ues less than 0.05 in a two-sided fashion were considered signifi-
cant.

Results

Using our established OLT techniques, OLT can be
routinely performed with an anhepatic time of less than
20 min. In groups 2 and 3, 100 % (5/5) of the animals
that underwent OLT with 20-min AH survived for
1 week with or without OP treatment. When the AH

Table 1 The effect of OP 2507 treatment on 1-week survival after
OLT with a 20-min or 45-min anhepatic phase

Groups Duration of Treatment prior to 1-week

anhepatic anhepatic phase survival [%]
phase (min)
1 - OP (0.15 pg/kg per min),  5/5 (100)
30 min
20 None 5/5 (100)
3 20 OP (0.15 pg/kg per min),  5/5 (100)
30 min
45 None 0/5 (0)
5 45 OP (0.15 pg/kg per min),  5/6 (83.3)*
30 min
6 45 Continuous infusion of 1/5 (20)

same volume of Ringer’s
solution as group 3, 30 min

* P <0.05 vs group 4 or 6

Table 2 Peripheral blood level of TNF-a (mean + SEM; pg/ml)

Groups Before OLT Day 1 after OLT  Day 7 after OLT
1 112428(n=5) 95+45(n=5) 99+53(n=5)
2 108+31(n=5) 175+6.1(n=5) 181+7.0(n=5)
3 122+45(n=5) 192+7.1(n=5) 164+9.0(n=5)
4 106+50(n=5) 129.7+215(n=3) -

5 115+44(n=6) 778+159(n=6)* 222+122(n=5)
6 99+37(n=5) 112+99(n=3) 239(n=1)

* P <0.05 vs group 4 or 6

was extended to 45 min, the 1-week survival rate of re-
cipients was poor in control groups 4 (0/5) and 6 (1/5;
Table 1). The cause of death in nine rats that died within
3 days of transplantation was hepatic failure, as deter-
mined by histology. To determine the optimal dose or
timing of OP treatment, several trials were initially per-
formed. Continuous infusion of various doses (0.15-
1.0 ug/kg) of OP, given from the beginning to the end
of the recipient operation, induced hypotension after re-
perfusion, resulting in a poor survival rate (data not
shown). The treatment with OP (0.15 ug/kg per minute)
prior to the AH substantially improved 1-week survival
(group 5, 5/6, 83.3 %; Fischer’s exact test P < 0.05; Ta-
ble 1). The cause of death in one animal was hepatic fail-
ure.

Two 20-min AH groups with or without OP treat-
ment (groups 2 and 3) had no significant difference in
the serum level of TNF-a on the 1st and 7th postopera-
tive days (Table 2). The serum TNF-a level at day 1 in
groups 5 (OP treatment, 77.8 £ 15.9) was significantly
lower than that in groups 4 and 6 (no OP treatment,
129.7 +21.5 and 112 + 9.9, respectively, P < 0.05).



609

Discussion

In rat liver transplantation, intestinal congestion as a
consequence of portal vein clamping during the AH
greatly reduces graft survival when the AH lasts longer
than 26 min during OLT [1, 7, 9]. Mesenteric venous
congestion during the AH accelerates transmigration
of endotoxins from the intestinal tract into the portal
blood, thereby contributing to endotoxemia after OLT
with or without the presence of a portovenous shunt
[20]. Therefore, we hypothesize that an extended AH
will enhance ischemia/reperfusion injury during OLT
by activating neutrophils or macrophages to produce
elastase [6], superoxide ions [10], or proinflammatory
cytokines such as TNF-a and IL-6 [16].

In the present study, the experimental procedures in
each group were identical except for the duration of
the AH, which enabled us to evaluate the effect of pros-
tacyclin treatment on liver injury related to the ex-
tended AH. OP2507 is a stable prostacyclin analogue

cluding vasodilation, antiplatelet aggregration, antileu-
kocyte adherence, and cytoprotective effects [12, 13,
18]. OP treatment prior to the AH improved the sur-
vival rate of rats that underwent OLT with an extended
(lethal 45-min) AH. This was associated with a de-
creased level of TNF-a. Tumor necrosis factor has been
suggested to play an important role in the pathogenesis
of several types of liver injuries following liver trans-
plantation [2, 15, 16]. It seems likely from our results
that OP treatment prior to the AH may stabilize the
gut barrier function and inhibit the subsequent activa-
tion of the hepatic Kupffer cells, which have the highest
capacity for TNF-a production.

In conclusion, OP2507 treatment is potentially use-
tul as a perioperative treatment during OLT with an ex-
tended AH when administered at an appropriate dosage
and with proper timing.
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with a variety of interesting biological properties, in-
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ANNOUNCEMENTS

Sandoz ESOT Study Grants:
Transplantation
Call for Applications

Sixth Alexis Carrel Conference
on Chronic Rejection and Graft
Atherosclerosis 4-7 December
1996, Banff, Alberta, Canada

Sandoz Pharma Ltd. offers annual study
grants totaling SFr.40000.- to individuals in-
volved in the clinical or experimental fields of
transplantation. Each study has to be per-
formed in a country situated in Europe that is
not the country in which the ap-plicant is cur-
rently working. There will have to be a specific
purpose with a clear study goal. The period for
which an applicant may apply for financial
support can vary from one to several weeks or
months. Congress visits will be excluded from
any study grant. The Council of the European
Society for Organ Transplantation (E.S.O.T.)
will administer the Sandoz ESOT Study
Grants. The selection and final decision will be
made by the Council. Applications must be in
English, should specify the purpose of the

The Sixth International Alexis Carrel Confer-
ence will be held in Banff, Canada, from
Wednesday through Saturday, 4-7 December
1996. The meeting is aimed at transplant phy-
sicians, surgeons, pathologists and immunolo-
gists, as well as health care professionals with
an interest in transplantation.

study, and should be supported with relevant
documentation, including a full curriculum vi-
tae. The application must be signed by the
head of the de-partment/program where the
study will take place. Neither the heads of the
departments nor the applicant necessarily has
to be a member of E.S.O.T.

Applications should be sent to:
Professor C. Hammer, Institut fiir
Chirurgische Forschung der Universitit
Miinchen, Klinikum Grosshadern,
Marchioninistrasse 15;

D-81377 Miinchen, Germany.

Envelopes should be clearly marked
“Sandoz ESOT Study Grant.”

For information regarding registration and ab-
stracts, please contact the conference organizer:
Dr. Leendert C. Paul, St. Michael’s Hospi-
tal, 30 Bond Street, Toronto, Ontario M5B
1W8, Canada; Tel.: +14168673701;

Fax: +14168673709;

Email: .paul@utoronto.ca.





