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Amaç: Karaci¤er greftlerinin so¤uk saklama sürelerinde, adez-
yon molekül ekspresyonlar› ve intra selüler kalsiyum birikmesi
gibi faktörlerin, preservasyon hasar›n›n bir göstergesi olabilece-
¤i önceki çal›flmalarda gösterilmifltir. Bu çal›flmada, kalsiyum
kanal blokörü, sodyum nitroprusside ve glutatyon gibi ajanla-
r›n saklama solüsyonlar›na eklenmesinin, rat karaci¤erlerinde,
adezyon molekül ekspresyon miktar›nda bir azalmaya yol aç›p
açmayaca¤› araflt›r›ld›. Metot: A¤›rl›klar› 200±50 g olan elli
adet Wistar rat birisi kontrol (sadece perfüzyon) dördü çal›flma
gurubu olmak üzere, on’ar rat’dan oluflan befl guruba ayr›ld›.
Greftlerin ç›kart›lmas›n› takiben, çal›flma guruplar›, 4 ayr› so-
lüsyonda (yaln›zca Wisconsin solüsyonu, Wisconsin solüsyo-
nu+Verapamil, Wisconsin solüsyonu+Sodyum Nitroprusside ve
Wisconsin solüsyonu+Glutatyon) 16 saat so¤uk preservasyona
al›nd›. Daha sonra karaci¤er greftlerinin ICAM-1 molekül ek-
presyonlar› analiz edildi. Sonuçlar: Yaln›zca Wisconsin solüs-
yonu ve Wisconsin solüsyonu+Verapamil ile preservasyon yap›-
lan guruplarda; Wisconsin solüsyonu+Sodyum Nitroprusside
ve Wisconsin Solüsyonu+Glutatyon guruplar›na göre anlaml›
ölçüde fazla ICAM-1 ekpresyonu tespit edildi (p=0.010). Wis-
consin solüsyonu+Sodyum Nitroprusside ve Wisconsin Solüsyo-
nu+Glutatyon guruplar› aras›nda ICAM-1 ekpresyonu bak›-
m›ndan bir fark gözlenmedi. Yaln›zca Wisconsin solüsyonu ile
preserve edilip, so¤uk iskemiye tabi tutulmayan kontrol guru-
bunda, minimal preservasyon hasar›n›n bir göstergesi olarak,
en az ICAM-1 ekspresyonu tespit edildi (p=0.0003). Tart›flma:
Wisconsin solüsyonuna, Sodyom Nitroprusside ve Glutatyon gi-
bi ajanlar›n eklenmesi, rat karaci¤erlerinde, preservasyon ha-
sar›n›n azalt›lmas›na yard›mc› olabilir. Greft dokusundaki in-
traselüler kalsiyum akümülasyonunun azalt›lmas› amac› ile
preservasyon solüsyonuna eklenen Verapamil, doku ICAM-1 ek-
presyonunda bir azalmaya yol açmam›flt›r.

Anahtar kelimeler: ICAM-1 ekspresyonu, verapamil, kalsiyum
kanal blokörü, nitrik oksit, glutatyon, preservasyon hasar›

Background/aims: During cold preservation of liver grafts,
expression of tissue adhesion molecules has been reported as a
factor indicative of preservation injury. Some biochemical
agents as well as increased levels of intracellular calcium also
play important roles in preservation injury during cold storage.
In the current study, we aimed to test if the addition of a calci-
um channel blocker, sodium nitroprusside, or glutathione into
preservation solution would reduce upregulation of adhesion
molecules, thus leading to decreased preservation injury in the
rat liver. Methods: Fifty Albino Wistar rats, weighing 200±50
g, were divided into 1 control (perfused with Wisconsin soluti-
on, without preservation) and 4 study groups of rat livers (10 li-
vers each). Livers in study groups were harvested, perfused, and
preserved for 16 hours in 4 different solutions (Wisconsin solu-
tion alone, Wisconsin solution+verapamil, Wisconsin soluti-
on+sodium nitroprusside and Wisconsin solution+glutathione).
At the end of the preservation time, levels of graft tissue adhesi-
on molecule (ICAM-1) expression were analyzed. Results: Pre-
servation for 16 hours with Wisconsin solution alone and Wis-
consin solution+verapamil perfusates caused significantly more
ICAM-1 expression than did preservation for 16 hours with
Wisconsin solution+sodium nitroprusside and Wisconsin solu-
tion+glutathione perfusates (p=0.010). No significant difference
was found in ICAM-1 expression between the Wisconsin soluti-
on+sodium nitroprusside and Wisconsin solution+glutathione
groups. In the control group, perfusion with Wisconsin solution
alone, without preservation, represented minimal ICAM-1 ex-
pression, reflecting minimum preservation injury (p=0.0003).
Conclusions: Addition of sodium nitroprusside and glutathione
into the Wisconsin solution decreased levels of ICAM-1 molecu-
le expression, which reflects lower levels of preservation injury.
In this study, the addition of verapamil to the perfusate/preser-
vation solution for reducing the intracellular calcium accumu-
lation had no effect on tissue ICAM-1 molecule expression.

Key words: ICAM-1 expression, verapamil, calcium channel
blockers, sodium nitroprusside, glutathione, preservation in-
jury
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INTRODUCTION 

The goal of organ preservation is to maintain vi-
ability of the organ graft prior to transplantation.
Physiologic alterations during preservation, such
as ischemia and inflammation, or during reperfu-
sion result in interactions between circulating
host lymphocytes and graft endothelium. Increa-
sed accessory adhesion molecules in graft pa-
renchyma are involved in and mediate these inte-
ractions (1). Adhesion molecules also mediate mig-
ration of leukocytes into allograft sites and costi-
mulate cell activation and transformation (1, 2).
However, if the transplanted organ vascular en-
dothelial cells have been damaged during preser-
vation, or by ischemia, surgical manipulation, re-
perfusion injury, or some other factor, some pro-
inflammatory cytokines such as interferon (IFN)-
gamma, interleukin (IL)-1, tumor necrosis factor
(TNF)-alpha, as well as some adhesion molecules
like ICAM-1 and P-selectins, will be produced or
expressed (3, 4). As a result, inflammatory cells
will begin to extravasate and migrate to the allog-
raft site resulting in increased tissue damage.
This leads to graft destruction and dysfunction as
well as morbidity and rejection (5, 6). Many bioc-
hemical agents like calcium and oxygen free radi-
cals also play an important role in this inflamma-
tory process (7).

Anoxic cell swelling is accentuated by cooling, and
intracellular calcium accumulation (which causes
cellular death) can be prevented by including cer-
tain substances in preservation solutions (8, 9). In
addition, the deleterious effect of calcium loading
and uncontrolled increases in its concentration in
intercellular spaces has been shown to have disas-
trous consequences that can be reduced by mani-
pulating the composition of the perfusate flush so-
lution (10, 11). Calcium channel blockers may in-
hibit calcium accumulation in hepatocytes and
protect against cell damage. Calcium channel
blockers also have vasodilating effects on graft ca-
pillaries, which cause greater infiltration of the
viscous perfusate into the cold graft parenchyma.
However, it would appear that blocking the bioc-
hemical action of increased intracellular calcium
levels by calcium channel blockers also decreases
the level of the oxygen free radicals, which leads to
cellular damage (12, 13).

On the other hand, oxygen free radicals produced
during ischemia, which have hazardous effect on
liver cells, have been implicated in many pharma-
cological interventions involved in liver preserva-

tion injury. Glutathione is one of the molecules
that decreases oxygen free radicals and prevents
hepatocyte injury against ischemia-related oxida-
tive stress during preservation (14). Decreased
oxygen free radicals reduce vascular endothelial
damage and prevent injury during the preservati-
on process (8, 15, 16). Adding glutathione and ve-
rapamil into the perfusate may decrease the ha-
zardous effect of cold ischemia during organ pre-
servation (7).

On the other hand, it has been reported that levels
of nitric oxide (NO), which is a natural regulator of
microcirculation and a potent vasodilator, were
depressed during cold ischemia (17). Sodium (Na)
nitroprusside releases NO by a nonenzymatic pro-
cess (18). Infusion of Na nitroprusside into graft
capillaries just before perfusion with Belzer’s Uni-
versity of Wisconsin (UW) solution may lead to
better infiltration of the viscous perfusate into the
graft parenchyma and may decrease the amount
of injury that takes place during preservation (12).

The correlation between preservation injury and
liver tissue ICAM-1 expression has already been
demonstrated (11). More specifically, all liver
grafts with long preservation times demonstrate
at least some degree of ICAM-1 expression. Howe-
ver, the mechanism by which long preservation ti-
me leads to the upregulation of ICAM-1 in liver
tissue is not known. Expression of ICAM-1 may
serve as an early trigger of tissue injury and inf-
lammation (19).

In the current study, we examined the role, if any,
of adding a calcium channel blocker, Na nitroprus-
side, or glutathione, into the perfusate in decrea-
sing upregulation of the ICAM-1 molecule to redu-
ce preservation injury.

MATERIALS AND METHODS 

This study was performed after receiving approval
from the ethics committee of the Gazi University
Medical School and Research Laboratory. All sur-
gical procedures were performed in the experi-
mental surgery laboratories at Gazi University
Medical School.

Fifty male Albino Wistar rats, weighing on avera-
ge 200 g, were divided into five groups (10 livers
each). One control (Group 1: perfusion with UW
solution and no preservation) and 4 groups of rat
livers were harvested, perfused, and preserved for
16 hours (h) with four different solutions (Group 2:
perfusion with UW alone, Group 3: perfusion with
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UW+calcium channel blocker (verapamil 10 mg/L,
Knoll AG, Ludwigshagen, Germany), Group 4:
perfusion with UW+Na nitroprusside (60 mg/L,
Schwartz Pharma AG, Monheim, Germany) and
Group 5: perfusion with UW+glutathione (500
mg/L, Sigma Chemical Co., St. Louis, MO, USA).

Rats were fed preoperatively with standard rat
formula. Their oral feeding was stopped approxi-
mately 6 h prior to surgery. Subcuticular ketami-
ne (Ketalar, Pfizer Pharmaceuticals, USA, 2
mg/kg subcutaneous) was used as a general anest-
hetic.

A standard technique was used for the preparati-
on, perfusion, and preservation of the liver grafts
(20). Briefly, we opened the abdominal and thora-
cic cavity with a sternal excised transverse incisi-
on (Mercedes incision); cannulated and tied the
portal vein (PV); tied the common hepatic artery
and bile duct; cut the supra- and infrahepatic infe-
rior vena cava (SHIVC & IHIVC); perfused the li-
ver via the PV (allowing for venting of blood); tied
the SHIVC, cannulated the IHIVC; and reperfu-
sed the liver through the PV at 25 cm/H2O pressu-
re. As soon as clear effluent began to show in the
IHIVC, we excised and preserved the livers in the
respective preservation solutions (defined above)
at 4°C for 16 h.

Control group (Group 1 livers) were examined wit-
hout preservation. After 16-h preservation, the
samples of liver tissue (Groups 2-5) were taken
and stored at -70°C for immunohistochemical
analysis of ICAM-1 expression as a marker of pre-
servation injury. ICAM-1 expression was measu-
red semiquantitatively as the degree of staining
using a Sigma ICAM-1 kit (Sigma Chemical Co.,
St. Louis, MO, USA). No staining was read as ne-
gative and scored as 0; 1%-30% staining was read
as low and scored as 1; 31%-60% staining was re-
ad as medium and scored as 2; and staining grea-
ter than 61% was read as high and scored as 3 (21,
22). Statistical analyses were performed with
SPSS software (Statistical Package for the Social
Sciences, release 5.0.1, SSPS Inc, Chicago, IL,
USA).

Statistical differences for all groups were assessed
with the Kruskal-Wallis one-way ANOVA test.
Statistical significance between two groups was
determined using the nonparametric unpaired
two sample (Kolmogorov-Smirnov) test. Values of
P less than 0.05 were considered statistically sig-
nificant.

RESULTS

Samples in the control group showed 0.2±0.1
ICAM-1 expression score (mean±standard deviati-
on). ICAM-1 expression scores in samples after 16-
h preservation with UW solution, UW+calcium
channel blocker solution, UW+Na nitroprusside
solution and UW+glutathione solution were
2.1±0.3, 1.9±0.3, 1.0±0.2 and 0.8±0.3,  respecti-
vely.

In Kruskal-Wallis one–way ANOVA test for com-
paring all five groups, samples in the control gro-
up (Group 1) demonstrated minimal ICAM-1 ex-
pression (p=0.0003). Samples after 16-h preserva-
tion with UW solution and UW+Ca channel bloc-
ker solution showed significantly more ICAM-1
expression than did samples after 16-h preservati-
on with UW+Na nitroprusside solution and
UW+glutathione solution using Kolmogorov-Smir-
nov unpaired two sample test  (p=0.010) (Figure
1). No significant differences were found with re-
gard to ICAM-1 expression between the UW+Na
nitroprusside and UW+glutathione groups or bet-
ween the UW and UW+calcium channel blocker
groups with Kolmogorov-Smirnov unpaired two
sample test (Figure 2).

DISCUSSION

Many reports have shown that when compared
with recipients with a shorter period of graft pre-
servation, those with liver grafts preserved for mo-
re than 16 hours develop remarkable preservation
injuries, early graft function abnormalities, in-
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FFiigguurree  11.. Moderate ICAM-1 expression in liver graft after 16-h
preservation with UW solution alone. Moderate ICAM-1 expres-
sion was observed in Groups 2 and 3 in which liver grafts were
perfused and preserved 16 hours with UW alone and UW+vera-
pamil solution (ICAM-1 expression scores were 2.1 ± 0.3 and 1.9
± 0.3, respectively).



creased retransplantation rates, inferior long-
term outcomes, increased incidences of hepatic ar-
terial thrombosis, and an increased number of no-
nanastomotic biliary strictures (23). It also has be-
en shown that long-term preservation causes me-
diators of cold preservation injury, which may
trigger vascular endothelial damage to the graft
(24).

The mechanisms of vascular endothelial and sinu-
soidal cell injury during cold preservation remain
unknown. It is unclear whether this injury is cau-
sed directly by hypothermia or whether cold stora-
ge results in the production of ischemic chemical
mediators, which affects the hypothermic preser-
vation injury.

Demonstration of ICAM-1 expression in the graft
could reflect early inflammation and preservation
injury that starts before any histopathologically
proven tissue damage (11). More specifically, all li-
ver grafts with long preservation times demons-
trate at least some degree of ICAM-1 expression
(11). This may represent one aspect of a generali-
zed, nonspecific cytokine release phenomenon
triggered by tissue ischemia. The upregulation of
adhesion molecules increases cell-to-cell and cell-
to-mesenchymal matrix adhesion and allows for
transendothelial migration of proinflammatory
cells into sites of graft inflammation (25, 26).

Despite the fact that a correlation between preser-
vation injury and liver tissue ICAM-1 expression
has already been demonstrated, the mechanism
by which long preservation time leads to the upre-
gulation of ICAM-1 in liver tissue is not known.
Expression of ICAM-1 may serve as an early trig-
ger of tissue injury and inflammation (11). In this
study, we did not correlate the ICAM-1 expression
within the groups with histopathologically proven
tissue damage. This analysis may prove the idea
that ICAM-1 expression in the graft could reflect
early inflammation and preservation injury that
starts before any histopathologically proven tissu-
e damage.

Vasoconstriction and vasodilatation in the capil-
lary bed are responsible for the vasoregulation of
a transplanted graft organ. Ischemia and reperfu-
sion affect this balance, causing vasoconstriction
in the capillary bed (7, 27). This may result in leu-
kocytes being trapped within the vessels and plug-
ging the capillaries (28).

The lower ICAM-1 expression demonstrated in
Group 4 (in which liver grafts were perfused with

UW+Na nitroprusside solution) may be a reflecti-
on of less preservation injury than that in liver
grafts perfused with UW alone. The capillary va-
sodilatory effect of Na nitroprusside as a NO do-
nor, just before the cold perfusion, could prevent
local and systemic vasoconstriction in the graft
and may allow for more satisfactory infiltration of
the perfusate into the graft parenchyma, leading
to better perfusion of cold and viscous UW soluti-
on into the capillary area.

During cold ischemia, inactivation of the calcium
transport enzyme system causes increases in
cytolytic calcium and activates the phospholipase
A2 enzyme, which lyses cellular membranes (29,
30). Increased intracellular calcium has harmful
effects on preserved organs. There are many re-
ports that show that adding calcium channel bloc-
kers (diltiazem, verapamil, and others) into an
existing preservation solution has protective ef-
fects against ischemic injury in transplanted al-
lografts (31, 32). However, in this study, liver
grafts stored in verapamil-added perfusate did not
show less ICAM-1 expression than that in liver
grafts perfused with UW alone (Group 2). This
may be related to the cytoprotective effect seen in
calcium channel blockage in preservation solution
that did not affect liver graft adhesion molecule
expression in Group 3.

Oxygen free radicals in cold storage inactivate
many specific cellular enzymes and are involved in
the inflammatory process of reperfusion injury (7).
Lipid peroxidation in the cell membrane is anot-
her major damaging effect of oxygen free radicals
that takes place during cold storage and reperfusi-
on. Reactive oxygen species, as well as peroxides,
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FFiigguurree  22.. ICAM-1 expression scores according to groups.
* Minimum ICAM-1 expression observed in control (Group 1) group (0.2±0.13;

p=0.0003).
** In study groups, 16-h preservation with UW+Na nitroprusside and UW+glu-

tathione showed lower ICAM-1 molecule expression in liver tissue compared
with the UW and UW+verapamil groups (p=0.010).



cell membrane phospholipids, and polyunsatura-
ted fatty acids, can cause structural and functio-
nal cell damage of graft organs during cold stora-
ge (33). The cellular defense of graft organs in cold
storage against reactive oxygen species is provi-
ded by many antioxidants such as glutathione and
specific enzymes like superoxide dismutase, cata-
lase, and glutathione peroxidase. These compo-
unds, located in a variety of cellular compart-
ments, are regulated by the level of ischemia.

In Group 5, addition of glutathione into the perfu-
sate also reduced the level of ICAM-1 expression
in liver tissue. This may be related to the decrea-
sed level of cytotoxic reactive oxygen species seen
during cold preservation.

In summary, in this study, addition of verapamil
to the perfusate/preservation solution for inhibiti-
on of intracellular calcium accumulation had no
effect on tissue ICAM-1 molecule expression. Ad-
dition of Na nitroprusside (for capillary vasodila-
tation) and glutathione (to reduce oxygen free ra-
dicals and produce an antioxidant effect) to the
perfusion/preservation solution led to decreased
levels of ICAM-1 molecule expression, reflecting
less preservation injury to the graft. 

Therefore, during long-term cold preservation,
this might prove beneficial in preventing graft
complications; however, further studies of this ef-
fect on larger groups of human donor livers are
warranted.
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