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Metabolic intervention to affect
canine pancreas recovery
following ischemia during preservation
by the two-layer method

Abstract We have demonstrated
that a high adenosine triphosphate
(ATP) level in a canine pancreas
during preservation by the twolayer method is an important
determinant for the ultimate success of pancreatic transplantation.
In this study, we investigated (a)
the effect of factors that seemed to
have an influence on energy metabolism in the canine pancreas at
the tissue ATP level and (b) graft
viability during preservation by the
two-layer method. ATP tissue
concentration was determined by
high-performance liquid chromatography and graft viability was
assessed on the basis of survival
rate following autotransplantation.
First, the pancreas was harvested
from either 72-h-fasted (n = 5) or
fed dogs (n = 5) and preserved by
the two-layer Euro-Collins solution
(EC)/perfluorochemical (PFC)
method for 24 h. All the pancreatic
grafts were viable in both fed and
fasted groups. There was also no
significant difference in ATP tissue
concentration between the two
groups (7.48 k 0.55 vs.
7.03 +0.74 pmol/g dry weight, NS).
Second, the pancreatic grafts
subjected to 60 min of warm

ischemia were preserved by either
the two-layer (EC/PFC) or
(EC + adenosine/PFC) method for
24 h. Without adenosine, ATP
tissue concentration did not recover
(1.62 f 0.26 after warm ischemia vs.
1.56 & 0.40 pmol/g dry weight after
preservation, NS) and all the
pancreatic grafts failed. However,
provision of adenosine led to
restoration of ATP tissue levels
(1.90f0.53 vs. 7.23f2.17 pmol/g
dry weight, P < 0.01) and four of
five grafts functioned immediately
and maintained normoglycemia
after transplantation. These results
clearly demonstrated that the
nutritional state of the pancreatic
graft before procurement had no
influence on ATP tissue level as
well as graft viability during 24-h
preservation by the two-layer
method. On the other hand, provision of adenosine during 24-h
preservation enhanced ATP synthesis of the pancreatic tissue,
thereby improving viability of the
ischemically damaged pancreas.
Key words Pancreatic
transplantation . Preservation
of canine pancreas . Two-layer cold
storage method . ATP . Adenosine
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Materials and methods

Introduction

Oxygenation of a canine pancreas during preservation by Mongrel dogs of both sexes, weighing 12-20 kg, were used in this
the two-layer method [8] results in continued adenosine study. Perfluorodecaline, which is one of perfluorochemicals (PFC)
and Euro-Collins solution (EC) were a kind gifts from Dr.
triphosphate (ATP) production [9, 113. Graft function K. Yokoyama (The Green Cross Corporation, Osaka, Japan).
after transplantation correlates well with ATP tissue University of Wisconsin solution (UW) was generously provided by
concentration, indicating that tissue ATP levels are an DuPont Critical Care (Waukegan, Ill.). A Shim-pack was purchased
Shimazu Manufacturing Co., Ltd. Chemicals were purchased
important determinant for graft quality in the two-layer from
from Wako Co., Ltd.
method [lo]. ATP synthesis seems to be profoundly
affected by the resources of its energy substrate, since
substrate deficiency invariably results in the disturbance Operation procedures
of ATP regeneration. In this regard, several investigators Anesthesia was induced and maintained with sodium pentobarbituhave focused on the nutritional state of a donor before rate (25 mg/kg weight). After laparotomy, a left lobectomy of the
procurement and the extent of ATP degradation and loss pancreas with the splenic artery and vein attached was meticulously
of its degradates during procurement and preservation performed, followed by splenectomy. The segmental pancreatic
graft was flushed out with 50 ml cold heparinized preservation
[3, 61 (Fig. 1). In liver preservation, Palombo et al. have solution (1000 units/50 ml solution) through the splenic artery and
demonstrated that effective support of adenine nucleo- preserved according to the experimental protocol immediately, or
tides by glycolysis in flushed-preserved rat liver is inde- after the pancreatic graft was left unflushed in the abdominal cavity
for 60 min at body temperature. After preservation, the pancreatic
pendent of the presence of exogenous glucose but depen- graft
was autotransplanted in the neck, as described previously [7],
dent on the nutritional status of the donor prior to excising the remainder of the pancreas at the time of autotransplanprocurement [15]. Boudjema et al. have also reported that tation. After surgery, the dogs received saline with 10% glucose
the nutritional status of the donor affects the outcome of (30 ml/kg weight) and parenteral penicillin (25 mg/kg weight) for
3 days. After 3 days, standard kennel diets were given.
pig liver flushed preservation and transplantation [2]. On
the other hand, addition of inosine [4] or hypoxanthine
[16] to the perfusate restores adenine nucleotides in Assessment of graft viability
ischemically damaged kidneys during perfusion. In adFasting blood glucose was measured daily. Graft viability was
dition, retrograde oxygen persufflation during hypo- judged by graft survival following autotransplantation. Normoglythermic preservation leads to continued ATP production cemia during at least 5 days after autotransplantation was assessed
[17] and improves the quality of ischemically damaged as graft survival [I].
kidney [5, 18, 191.
In the present study, we examined (a) the effect of Measurement of adenine nucleotides
factors that seemed to have an influence on energy
metabolism in the canine pancreas at the ATP tissue level High-performance liquid chromatography (HPLC) on a reversed
column, CLC-ODS (6 x 150 mm) purchased from Shimazu Manuand (b) graft viability during preservation by the two- facturing Co., Ltd, which was equilibrated with 100 mM sodium
layer method.
phosphate buffer, pH 6.0, containing 1.O YOmethanol, was employed
to separate and quantitate ATP.
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Fig.1 Factors that seem to have an influence on the energy
metabolism of the canine pancreas during preservation by the twolayer method

Preparation of tissue extracts
At the end of preservation, part of the pancreas was rapidly frozen
with bronze tongs in liquid nitrogen, lyophilized overnight, and kept
at - 80 "C until analyzed. The dry tissue was ground to a powder
using a mortar and pestle. The dry tissue powder was weighted
(200 mg) and homogenized in 3 ml ice cold 0.5 N perchloric acid.
The precipitated protein was removed by centrifugation, and 500 p1
of supernatant was neutralized by the addition of 50 p1 1.0 N K O H
and 0.5 N Tris. Following centrifugation, 10 pI of supernatant was
injkcted into HPLC for analysis.
Experimental protocol
Experiment 1 Pancreatic grafts from fed or 72-h-fasted dogs were
preserved by the two-layer [EC/perfluorochemical (PFC)] method
for 24 h.
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Experiment 2 Pancreatic grafts with or without 60 min of warm
ischemia were preserved by the two-layer (EC/PFC) method for
24 h.
Experiment 3 Pancreatic grafts with or without 60 rnin of warm
ischemia were preserved by the two-layer method using EC or EC
with adenosine for 24 h.
Statistical analysis
All values are expressed as mean f SD. Statistical analysis was
performed using Student's t-test.

Results
Experiment 1. Effect of fasting on ATP tissue concentrations and viability of canine pancreases during 24-h
preservation by the two-layer (EC/PFC) method (Table 1)
ATP tissue concentrations in fed and fasting groups
were 7.48 k 0.55 and 7.03 k 0.74 pmol/g dry weight, respectively, and all the pancreatic grafts in both groups
were viable (4/4, 100% and 313, loo%, respectively). It
was clear that fasting did not influence ATP tissue levels
and viability of the grafts.

Table 1 Effect of fasting on ATP tissue concentrations and viability
of canine pancreas during 24-h preservation by the two-layer [EuroCollins (EC)/PFC) perfluorochemical] method
Nutritional state
before procurement

ATP tissue
concentration
(pmol/g dry weight)

Graft survival
rate (Yo)

Fed
Fasted

7.48 f0.55
7.03 f0.74

414 (100)
414 (100)

Table 2 Effect of warm ischemia on
ATP tissue concentration and viability of

Warm

canine pancreas during 24-h preservation
by the two-layer (EC/PFC) method

(min)

* P < 0.05; ** P < 0.01

60

Warm
(mln)

0

* P t 0.01

Before preservation

After preservation*'

4.44 k0.49
1.62f0.26*

7.59f0.97
1.56 f0.40 **

Adenosine

'Schemia

60

Experiment 3. Effect of exogenous adenosine on ATP
tissue concentrations and viability of canine pancreases
with or without 60min of warm ischemia during 24-h
preservation by the two-layer (EC/PFC) method (Table 3)
Without 60min of warm ischemia, the addition of
adenosine led to increased ATP tissue levels during
preservation by the two-layer (EC/PFC) method
(4.44 f0.47 vs. 7.59 f0.97 pmol/g dry weight without
and with adenosine, respectively) but had no influence on
graft viability (4/4, 100% and 4/4, 100% without and
with adenosine, respectively). However, the addition of
adenosine led to a significant increase in ATP tissue levels
in the grafts subjected to 60min of warm ischemia
(7.23k2.17 vs. 1.90k0.53 pmol/g dry weight after and
before preservation, respectively, P < 0.01) and made it
possible to preserve them for 24 h (4/5, 80%).

ATP tissue concentration (pmol/g dry weight)

jschemia

0

Table 3 Effect of exogenous adenosine
on ATP tissue concentration and viabilitv of canine Dancreas without or with
6Omin of warm ischemia during 24-h
preservation by the two-layer (EC/PFC)

Experiment 2. Effect of warm ischemia on ATP tissue
levels and viability of canine pancreases during 24 h preservation by the two-layer (EC/PFC) method (Table 2)
Without 60 min of warm ischemia, all graft were viable
(4/4, 100%) and ATP tissue levels were 4.44k0.49 and
7.59 f0.97 pmol/g dry weight before and after preservation, respectively. However, ATP tissue levels were
significantly decreased during 60 min of warm ischemia
(4.44 10.49 vs. 1.62 k 0.26 pmol/g dry weight before and
after warm ischemia, respectively, P < 0.05) and did not
recover after preservation by the two-layer (EC/PFC)
method (1.62 k 0.26 vs. 1.56k0.40 pmol/g dry weight
before and after preservation, respectively, NS). No
grafts were viable (0/3, 0%).

-

+

ATP tissue concentration
(pmol/g dry weight)
Before
preservation

After
preservation

4.44 5 0.47

7.59 f0.97
10.32 & 1.I 3

1.62k0.26
1.90k 0.53 *

1.56k0.40
7.23 & 2.1 I *

Graft burvival
rate (YO)
4/4 (100)
0/3 (0)

Graft survival
rate (YO)

4/4 (1 00)
4/4 (100)
013 (0)
414 (80)
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ATP levels and viability during 24-h preservation by the
two-layer method. As ATP was rapidly degraded and
During simple cold storage, anaerobic glycolysis plays an salvageable nucleotide was degrated and lost during
important role in ATP synthesis within the anoxic organ procurement (warm ischemia) and preservation (cold
[13J In comparison, ATP is synthesized mainly by oxi- ischemia) [3, 6, 141, the pancreas subjected to 60 min of
dative phosphorylation via oxidation of carbohydrate, warm ischemia was preserved by the two-layer
amino acids, and fatty acids [13], and partly via “sal- (EC + adenosine/PFC) method for 24 h. Without adenvage pathway” of purines and their nucIeosides [I 7- 191 osine, the pancreas did not recover ATP tissue levels and
within the aerobic organ during hypothermic perfusion. viability. However, provision of adenosine to the preserThe two-layer method supplies oxygen to the pancreas and vation solution made the restoration of ATP tissue levels
allows continued ATP production [9], which is essential possible and improved the viability of the pancreatic graft
for the metabolic process in the maintenance of cellular subjected to 60 min of warm ischemia. Recently, we have
integrity [I I]. Based on a good correlation between high reported that the two-layer (UW/PFC) method can
ATP tissue concentrations and good posttransplant out- improve the quality of the pancreatic graft subjected to
come [lo], we examined (a) the effect of factors that significant warm ischemia [12]. As UW contains the same
seemed to have an influence on energy metabolism in the concentration (5 mM) of adenosine as the solution used in
pancreas at the ATP tissue level and (b) viability of the these experiments, it seems reasonable to think that
pancreatic graft during preservation by the two-layer adenosine in UW was used for the ATP synthesis
method. As the nutritional status of the donor influences necessary to repair the ischemically damaged cells. Howthe outcome of rat or pig liver preservation and trans- ever, the mechanism responsible for the effectiveness of
plantation [2, 151, we first examined the effect of the adenosine during preservation by the two-layer method in
nutritional status on ATP tissue concentrations and graft restoration of function of the ischemically damaged
viability using pancreas harvested from either fed or 72-h- pancreas remains unclear and is under investigation.
fasted dogs. In canine pancreas, the nutritional status of Acknowledgement We thank Sachiko Nishiyama for skillful manuthe pancreas before procurement had no influence on script preparation.
Discussion
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