
ISCHEMIA-REPERFUSION
INJURY
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DURING ORTHOTOPIC human liver transplantation
(OLT), postreperfusion tissue damage is associated

with a significant increase in markers of cytolysis and
cholestasis.1,2,3 In the early phases of reperfusion an in-
crease in the steady-state levels of reactive oxygen species
(ROS) was observed to correlate with the presence of
cytolysis;2 nevertheless, the role of oxidative stress in caus-
ing and/or amplifying postreperfusion damage to human
liver grafts has not as yet been conclusively defined. The
topology and chronology of the damage in the transplanted
liver may be described as an endothelial cell injury that
appears in the late stage of cold ischemia, followed imme-
diately after reperfusion by involvement of the whole liver
vasculature with concomittant activation of Kupffer cells,
which, together with endothelial cells,4 attract and trigger
polymorphonuclear cells (PMNs), the major source of
ROS. While oxidative stress occurring in the hepatic vascu-
lature appears to be a primary cause of the reperfusion
injury, the role of oxidative reactions in phagocyte recruit-
ment and activation is not yet clear. Hence, patients sched-
uled for OLT in two different transplantation units were
randomly divided into two groups: one group received an
intravenous dose of an antioxidant supplement during
surgery. During the first 2 hours of reperfusion, we moni-
tored blood indices of oxidative stress and neutrophil
activation.

RECRUITMENT OF PATIENTS AND METHODS

Twenty-four adult patients (32 to 65 years old) included: 2 women
and 14 men, were from the Transplantation Unit of “S. Giovanni
Battista” Hospital of Torino, Italy; and 3 women and 5 men from
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the Transplantation Unit of Sart Tilman, University of Liège,
Belgium. The pretransplant etiology for most of the patients was
posthepatitic cirrhosis due to HBV� or HCV�, or alcoholic
cirrhosis. The organs were preserved in University of Wisconsin
solution. The Italian transplantation unit followed the surgical
procedures of Tzakis et al.5; the Belgian one, the procedure of
Belghiti et al.6 which differs from the former based upon unclamp-
ing of the suprehepatic veins preceding that of the portal vein. The
patients were divided into two randomized groups: one received a
commercially available mixture of antioxidants by IV infusion
throughout the whole period of warm ischemia (19 to 55 min) and
during the first 30 minutes after portal vein declamping. Each
ampoule of antioxidants (OMNIBIONTA, from Merck, Darm-
stadt, Germany) contained (in 10 mL water): 5.5 mg retinol
palmitate, 50 mg thiamine chloride-hydrochloride, 10 mg ribofla-
vin-5-phosphate sodium, 100 mg nicotinamide, 25 mg dexpanthe-
nol, 15 mg pyridoxin hydrochloride, 500 mg ascorbate, 5 mg
�-tocopherol-acetate, 150 mg benzylalcohol, 500 mg polysorbate, 1
mg DL-�-tocopherol, 200 mg propylene glycol, 2500 mg glycerin
85%, 360 mg trometamol. Two ampoules were diluted to 200 ml
with 0.9% NaCl and infused intravenously. The study protocol, in
agreement with the ethical guidelines of the 1975 Declaration of
Helsinki, was approved by the Ethical Committees of the S.G.
Battista Hospital, Torino, Italy, and of the University of Liège,
Belgium. Informed consent was obtained from or for all patients.
Blood samples were withdrawn from the jugular vein at different
times: immediately before general anesthesia, and 5, 15, 60, and
120 min after reperfusion. Cellular redox imbalance was monitored
in terms of lipid peroxide plasma levels (LPO)7 and plasma vitamin
E/plasma cholesterol ratio.8 Neutrophil activation was evaluated by
myeloperoxidase plasma levels (MPO) using an ELISA kit proce-
dure (Oxys Int. Inc., Portland, Oregon, U.S.A.). The statistical
differences between the two groups were examined using Student’s
t-test; the differences between basal and corresponding reperfusion
times with ANOVA associated with a Student-Newman-Keuls test.

RESULTS

A tissue redox imbalance that favored oxidation ap-
peared to be the trend in liver transplant patients not

receiving intrasurgical antioxidant supplementation (Ta-
ble 1). However, only 2/3 of patients (65%) showed an
early response to oxidative stress by virtue of an in-
creased plasma LPO by 5 minutes after reperfusion. The
remaining 35% denoted as late “responders”, only
showed significant increase in LPO plasma levels during
later observation periods, explaining the lack of statisti-
cally significant LPO mean values except at 120 min
post-reperfusion. The group treated with the antioxidant
mixture showed an overall lower extent of membrane
lipid peroxidation, at least during the first two hours of
reperfusion (Table 1). With regard to individual patients,
60% showed lower LPO values than untreated subjects at
5 minutes post-reperfusion; indeed 40% showed, at least
at this time point, values that were similar to those
measured in the preoperative blood sample. In one of the
two centers plasma vitamin E/total cholesterol ratios
were determined as a complementary approach to eval-
uation of redox changes. As reported in Table 1, while
untreated patients did not show a change in the relative
mean values over 120 minutes, the treated subjects
showed increases at 60 and 120 minutes. As shown in
Table 2, within 5 minutes of reperfusion, all unsupple-
mented patients at both centers showed a statistically
significant and often marked increase in the plasma
concentration of myeloperoxidase compared with that at
the basal time; in contrast, the infused patients did not
show any significant changes. Of note, 7 of 12 patients
infused with antioxidants did not show any increment in
this phagocyte activation marker (data not shown). Fur-
ther, myeloperoxidase mean values remained statistically
unchanged over 60 min in the patients infused with
antioxidants in Torino and during the whole observation
period in those from Liège.

DISCUSSION AND CONCLUSIONS

This pilot study not only provides a further demonstration
of an oxidative biochemical imbalance early after human

Table 1. Plasma Lipid Peroxides (LPO) and Vitamin E/Total Cholesterol Ratio During the Early Phases of Reperfusion, in Adult
Patients Subjected to OLT, Treated or Not With the Antioxidant Mixture

Reperfusion time
Without

Antioxidant Mixture
With

Antioxidant Mixture

Torino Transplantation Unita

Basal 2.5 � 0.6 2.4 � 0.5
5 min 3.6 � 1.4 2.8 � 0.8
60 min 3.1 � 0.9 3.1 � 0.8
120 min 6.3 � 1.2 4.5 � 1.2

Liège Transplantation Unitb

Basal 9.1 � 1.4 7.6 � 2.3
5 min 10.7 � 1.0 10.3 � 1.4
60 min 10.5 � 1.1 13.4 � 3.2
120 min 9.9 � 0.6 16.6 � 6.6

aLPO levels (nmoles/mL plasma). Data are means � S.E. of eight values for each group.
bVitamin E/total cholesterol ratio (mg/g). Data are means � S.E. of four values for each group.
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donor liver reperfusion, but also provides original evidence
that IV infusion of a moderate amount of antioxidants
during the most critical period of transplantation surgery: i)
attenuates oxidant damage and importantly ii) significantly
delays and even attenuates a likely major feature of early
postreperfusion damage, i.e. neutrophil activation, moni-
tored as plasma myeloperoxidase levels, an enzyme almost
exclusively contained in the azurophilic granules of PMNs.9

Increased phagocyte activation to this degree, had not yet
been described in human OLT. However, studies on isch-
emia-reperfusion injury to the rat liver showed a precocious
accumulation of neutrophils in the hepatic vasculature after
transplantation10 or after microvascular clamping.11 The
vascular injury seems to involve endothelial cells, beginning
in the ischemic period and then Kupffer cells during the
postreperfusion period; both effects cause a continuous
recruitment and activation of neutrophils.4,12,13 Accord-
ingly a PMN-dependent increase in plasma myeloperoxi-
dase has been observed and correlated with generation of
oxidants. In fact, the present study shows that intrasurgical
treatment with antioxidants markedly delays neutrophil
activation.

The increased ROS generated during reperfusion may
favour early neutrophil rolling on the sinusoidal surface
through oxidative changes in membrane fluidity. Little is
known about the up-regulation of adhesion molecules on
the luminal surface of endothelial cells, and of complemen-
tary ligands on PMNs both of which occur during the early
phases of human liver graft reperfusion. Thiel and col-
leagues recently reported the activation of �2-integrins
[CD18] in a subgroup of patients undergoing OLT,14 but
they did not investigate the effect of antioxidants. Measure-
ment of serum soluble forms of ICAM-1 in OLT patients
during and after operation has been performed in our
laboratory; however, a significant increase in the content of
this molecule was evident only 1 or 2 days following
surgery.15 In addition, intra-operative treatment with anti-

oxidant, did not produce any significant change in serum
ICAM-1 levels compared to those in unsupplemented pa-
tients.15

In conclusion, three theoretical possibilities may explain
the observed increase in the steady-state levels ROS in
human liver grafts: 1) just an epiphenomenon, 2) the sole
cause of reperfusion injury or 3) one of various mechanisms
of tissue damage. The third possibility appears to be the
most likely one. In support of this conclusion is the reported
effect of antioxidant infusion prevent or delay PMN activa-
tion during reperfusion. Another supportive finding is the
significant inhibition of postreperfusion hypertransaminas-
emia consistently found in liver transplanted patients intra-
operatively infused with a galenic preparation of antioxi-
dants.16 Finally, one should consider that the
intraoperatively infused antioxidants reach the liver only
after blood reflow. Thus, in the future, this therapeutic
strategy might be better implemented by increasing the
dose and/or optimizing the mixture of antioxidants and, last
but not least, by improving the antioxidant status of the
recipient before transplantation.
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