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PRESERVATION

High concentrations of adenosine
are needed in Carolina rinse
to prevent activation of Kupffer cells

Abstract Adenosine is a key com-
ponent of Carolina rinse solution,
which was developed to prevent an
O,-dependent reperfusion injury
following liver transplantation.
Kupffer cells are activated follow-
ing liver transplantation, an effect
minimized by adenosine. In this
study, the concentration of aden-
osine was varied in Carolina rinse,
Ringer’s, and Ringer’s containing
hydroxyethyl starch. Following

24 h of cold storage in University
of Wisconsin cold storage solution,
colloidal carbon uptake was mea-
sured to assess phagocytosis by
Kupffer cells. Carbon uptake was
elevated significantly in this model
from values of 136+ 15 in unstored
control livers to 187 +25 mg/g per
hour following a rinse with 10 ml

of Ringer’s solution. Phagocytosis
was reduced about 50% when

0.1 mM adenosine was added to
the Ringer’s solution; however,
addition of up to 1 mM adenosine
in Carolina Rinse did not prevent
elevated phagocytosis. In contrast,
values were reduced significantly by
addition of 5—-10 mM adenosine to
Carolina Rinse or Ringer’s contain-
ing hydroxyethyl starch. Thus, the
higher concentrations of adenosine
needed to reduce Kupffer cell
activation can best be explained by
binding of adenosine to hydroxy-
ethyl starch.
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Introduction

Optimizing the conditions under which donor organs are
stored and reperfused increases the survival rate after
organ transplantation. Because there is a shortage of
organs, and organs currently available are often not in
optimal condition, it has become increasingly important
to improve preservation and reperfusion conditions.
Carolina rinse, a solution designed for the liver, was
recently developed in our laboratories to help meet these
needs. After cold storage in University of Wisconsin cold
storage solution (UW solution), organs must be rinsed

prior to implantation to remove potassium. The goal of
Carolina rinse is two-fold: first, to remove harmful
chemicals in the storage solution, and second, to stabilize
and protect the liver during the initial reperfusion follow-
ing cold storage [6].

Activation of Kupffer cells in the transplanted liver
may cause graft failure leading to death [8]. Once
activated, Kupffer cells release toxic oxygen radicals,
tumor necrosis factor, interleukins, and proteolytic en-
zymes that may cause or potentiate liver damage [1-3,
10]. During the period of reperfusion following cold
storage, the Kupffer cell is activated easily [7]. In previous
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studies in which various components of Carolina rinse
were studied independently, adenosine was found to be a
key component that reduced Kupffer cell activation on
reperfusion [5].

The purpose of this study was to determine the optimal
concentration of adenosine in both Ringer’s and Carolina
rinse to minimize postoperative Kupffer cell activation.

Materials and methods

Liver Perfusion

Livers from female Sprague-Dawley rats (140-200 g) were removed
from UW solution (24 h) and rinsed for 7 min. The livers were
perfused as described previously [9].

Colloidal carbon uptake

Following 20 min of perfusion at normal flow rates, buffer-
containing colloidal carbon was substituted as described previously
[4]. The influent/effluent difference in carbon concentration, liver
wet weight, and flow rate were used to determine the rate of carbon
uptake.

Results

The effect of adenosine in Ringer’s and Carolina rinse on
Kupfter cell phagocytosis

A low concentration of adenosine (0.1 mA/) in Ringer’s
significantly increased graft survival in a rat liver trans-
plant model [7]. To study the effect of various con-

centrations of adenosine on Kupffer cell activity, livers

were stored in UW solution for 24 h and rinsed with
Ringer’s in the absence or presence of various con-
centrations of adenosine (0.1-10 mM). Unstored livers
were used to obtain control values of carbon uptake by
quiescent Kupffer cells, and on average, this value was
136 + 15 mg carbon/g per hour (Fig. 1 A). When perfused
livers were stored for 24 h in UW solution and rinsed with
Ringer’s containing no adenosine, there was a significant
increase of 40% in carbon uptake on reperfusion
(Fig. 1 B). However, when 0.1 mM adenosine was added
to Ringer’s, carbon uptake increased by only about 20 %.

In Carolina rinse, neither 0.2 mAf nor 1.2 mM aden-
osine prevented activation of the Kupffer cell on reflow
(Fig. 1 A); carbon uptake following cold storage remained
40-50% higher than quiescent values. However, con-
centrations of 5.0 mM adenosine and higher prevented
activation of Kupffer cells by Carolina rinse.
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Fig. 1A-C The effect of various concentrations of adenosine in
Carolina rinse (A), Ringer’s (B), and Ringer’s containing hydroxy-
ethyl starch (C) on carbon uptake in the perfused rat liver. Livers
were stored in UW solution for 24 h and rinsed with the indicated :
solution prior to reperfusion (4 groups on the right of the panals).
Carbon uptake was measured as described in Materials and
Methods (# = 4—11 livers per group). The control was an unstored
group, and therefore, represents carbon uptake by quiescent Kupffer
cells (group on left of each pannel). One-way analysis of varianc
with the Student-Newman-Keuls method was used to determine
statistical significance. Mean + SD; P < 0.05. * indicates a signifi
cant difference from the control group. + indicates a significant
difference between the marked group and the group directly to its left

The effect of hydroxyethyl starch on Kupffer cell phago-
cytosis in Ringer’s solution containing variods concen-
trations of adenosine

Because hydroxyethyl starch is a large adhesive molecule
found in Caroline rinse but absent in Ringer’s, it could
bind adenosine and diminish free concentrations. To
evaluate this possibility, hydroxyethyl starch was added
to Ringer’s (see Table 1). Livers rinsed with Ringer’s
containing hydroxyethyl starch and 1 mM adenosine
took up carbon approximately 40 % faster than controls.
In comparison, Ringer’s containing hydroxyethyl starch
with 5 mM adenosine exhibited elevated carbon uptake
values of only approximately 20% (Fig.1C). Thus,
Ringer’s with hydroxyethyl starch required concentra-
tions of adenosine similar to Carolina rinse for efticacy.
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Table 1 Comparison of Carolina rinse with Ringer’s solution

Component Ringer’s Ringer’s with  Carolina
hydroxyethyl rinse
starch

NaCl 102mM 102mM 115mM

KCl1 4mM 4mM SmM

CaCl, 3mM 3mM 1.3mM

KH,PO, - - 1mM

MgSO, - - 1.2mM

Sodium lactate 28 mM 28 mM -

Potassium lactobionate - - -

Allopurinol - - 1mM

Desferrioxamine - - 1mM

Glutathione - - 3mM

Nicardipine - - 2uM

Adenosine - - 2mM

Fructose - - 10mM

Glucose - - 10mM

Raffinose - - -

Hydroxyethyl starch - 50¢g/1 50g/1

Insulin - - 100U/

Dexamethasone - - -

Penicillian - - -

MOPS? - - 20mM

pH 7.0 7.0 6.5

mOsm/i 270-275 270-275 290-305

? 3-[N-morpholino] propanesulfonic acid

Discussion

An alternative method to investigate rinse solutions

Eariier survival studies have shown that a concentration
of 0.1 mM adenosine in Ringer’s rinse is optimal [5].
Current data obtained by measuring carbon uptake
confirmed earlier studies [5]: 0.1 mM adenosine in

Ringer’s significantly prevented activation of the Kupffer
cell on reperfusion. Because measuring carbon uptake is a
more efficient use of time and animals than survival
studies, in the future, Kupffer cell activity may be used as
a preliminary screening process to evaluate the efficacy of
individual components of new rinse solutions. Overall,
this method should significantly shorten the process of
improving rinse and storage solutions in the future.

The concentration of adenosine required to lower carbon
uptake in Ringer’s compared to Carolina rinse

Concentrations of adenosine in Ringer’s solution limited
Kupffer cell phagocytosis within 20% of quiescent
values. This represents a significant prevention of Kup-
ffer cell activation reflow following cold storage. How-
ever, in Carolina rinse, a concentration of 1.2mM
adenosine did not prevent Kupffer cell activation. One
possible explanation for this discrepancy is that aden-
osine binds to a component of Carolina rinse. Hydroxy-
ethyl starch, a large molecule present in Carolina rinse but
absent in Ringer’s solution (Table 1), is responsible. We
reasoned that if hydroxyethyl starch was the component
in Carolina rinse that binds adenosine, addition of
hydroxyethyl starch to Ringer’s would cause carbon
uptake values to mimic values in Carolina rinse. Indeed,
this was the case. Thus, we concluded that binding of
adenosine to hydroxyethyl starch is responsible for the
discrepancy between optimal concentrations of aden-
osine in Ringer’s versus Carolina rinse.
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