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Liposoluble antioxidants are not 
consumed in the pancreas after 
reperfusion in human simultaneous 
pancreas-kidney transplantation 

Abstract There is considerable evi- 
dence that under experimental con- 
ditions, oxygen free radicals (OFRs) 
are decisive in the pathogenesis of 
ischemia-reperfusion injury. Nor- 
mally OFRs are scavenged by anti- 
oxidants such as a-tocopherol. Thus, 
in the following study we investi- 
gated whether antioxidants are con- 
sumed locally in human pancreatic 
grafts after reperfusion. A series of 
ten patients receiving bladder- 
drained pancreaticoduodenal and 
renal allografts were studied. Se- 
quential blood samples were drawn 
locally from the venous outflow of 
the graft and simultaneously from 
the radial artery after reperfusion. 
a-Tocopherol, retinol, lycopene, and 

a- and /?-carotene levels were deter- 
mined. After reperfusion these lev- 
els remained largely unchanged. 
Hence, in our study a consumption 
of antioxidants locally in the pan- 
creatic graft after transplantation 
was not demonstrated. Therefore, 
the antioxidant capacity seems not 
to be exhausted at that time. This 
suggests that in clinical pancreatic 
transplantation oxidant stress in the 
initial reperfusion period might not 
have the relevance suggested by an- 
imal models. 
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Introduction 

Graft pancreatitis is still a major obstacle in pancreas 
transplantation, causing significant postoperative mor- 
bidity [5].  Its pathophysiology is not yet fully understood. 
It is suspected, however, that ischemia-reperfusion in- 
jury is the main pathogenetic factor. Better organ preser- 
vation would therefore by highly desirable to improve 
survival of pancreatic grafts and to reduce postoperative 
morbidity. During the last few years there has been in- 
creasing evidence that oxygen free radicals (OFRs) are 
instrumental in the development of the ischemia-reper- 
fusion injury of the pancreas. As the main sources of 
OFR formation, xanthin oxidase, mitochondria1 sources, 
and activated leukocytes have been suggested [4,8]. Ex- 
perimental therapy in several animal models with radical 
scavengers or the administration of allopurinol markedly 
ameliorates tissue injury [ll, 13,151. 

However, these are data from animal models using 
severly damaged organs under nonsurvival conditions. 
The mechanisms of ischemia-reperfusion injury in well- 
preserved organs might, however, differ significantly 
from these models. There are no conclusive data that 
scavenger treatment and the use of allopurinol have a 
significant influence on ischemia-reperfusion injury in 
human organ transplantation. We therefore conducted 
a study to assess the extent to which OFRs are involved 
in ischemia-reperfusion injury in clinical pancreatic 
transplantation. 

Tocopherol is believed to be one of the main an- 
tioxidants that is involved in the defence against 
OFR-induced lipidperoxidation [3]. Like other anti- 
oxidants it is consumed in the scavenging process. 
Therefore, a decrease in an antioxidant in the blood 
is an indicator of OFR and lipid peroxide formation, 
and, in particular, tocopherol is considered to be a 
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Material and methods 
A series of ten patients with type I diabetes mellitus and end-stage 
renal disease receiving bladder-drained pancreaticodoudenal and 
renal allografts from cadaveric donors were studied. Exclusion cri- 
teria for donors were age over 50 years, high-dose catecholamines, 
and significant abdominal trauma. The grafts were perfused with 
2000-3000 ml University of Wisconsin (UW) solution (containing 
allopurinol at 136 mg/l). Cold ischemia time was 9.6 f 3.6 h. 

Patients had a median age of 39 years and a mean duration of 
diabetes of 19 years. The only strict contraindication was severe 
coronary heart disease, proven by coronary angiogram. Quadruple 
immunosuppression was started in all patients. During the dissec- 
tion of the graft on the back-table a ch14 catheter was inserted in 
the distal part of the splenic vein. After reperfusion of the pan- 
creas, sequential blood samples were drawn simultaneously from 
the venous outflow of the pancreas via the splenic vein of the graft 
and from the radial artery of the recipient at 0, 1, 2, 5, 10, 30, and 
240 min after reperfusion. The samples were immediately put on 
ice, centrifuged, and stored at - 70°C. a-Tocopherol, retinol, lyco- 
pene, a-carotene, and /3 -carotene levels were determined simulta- 
neously by high-pressure liquid chromatography (HPLC). Choles- 
terol levels were determined by the standard CHOD/PAP method 
on an automatic analyzer. Values are expressed as an antioxidant 
to total cholesterol ratio (nmol/l antioxidantlmgidl cholesterol). 
The degree of graft pancreatitis was assessed by peak C-reactive 
protein (CRP) levels within the first 24 h after reperfusion. These 
have previously been shown to correlate closely with the degree 
of graft pancreatitis. Statistical analysis was performed using linear 
regression and Student's t-test. 

Results 

The reperfusion the pancreas was homogeneous in 9 of 
10 patients. In all patients slight edema and some fatty 
necrosis was noted at the end of the operation. Postop- 
eratively in one patient severe graft pancreatitis with 
partial thrombosis of the splenic vein developed, which 
required necrectomy and thrombectomy of the pancre- 
as graft. In two patients moderate graft pancreatitis 
was noted, which necessitated laparotomy in one case. 
All other patients showed mild signs of graft pancreati- 
tis only. Initial endocrine function of the pancreas and 
initial renal function was achieved in all patients. 

Preoperatively, the mean systemic antioxidant to 
cholesterol ratios of all antioxidants were close to the 
levels that are reported in the literature (tocopherol: 
134.0 k 46; retinol: 9.81 f 2.7; lycopene: 2.2 f 1.36, a-car- 
otene: 0.4 f 0.21; /3 -carotene: 2.6 ? 1.7). No correlation 
between antioxidant levels at the time of admission and 
the degree of graft pancreatitis (peak CRP) was found 
in any of the antioxidants investigated (Fig. 1). In fact, 
the patient who developed the worst graft pancreatitis 
had one of the highest preoperative levels of tocopherol 
(185.4). 
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Fig.2 Local and systemic a-tocopherol levels after reperfusion of 
the pancreatic graft. There is no significant difference between 
the systemic and the local levels 

After reperfusion antioxidant levels remained large- 
ly unchanged, not only in the radial artery, but also in 
the splenic vein of the graft (Fig. 2). Only a-tocopherol 
and retinol showed some decrease (8.9 % and 10.4 %, 
respectively) in the splenic vein compared to the level 
in the radial artery. These differences, however, were 
not statistically significant. 

Discussion 

Serum levels of a-tocopherol have repeatedly been used 
to demonstrate the involvement of OFRs in ischemia- 
reperfusion injury. It has been shown several times that 
serum or tissue levels of a-tocopherol decrease during 
aortic cross-clamping [lo] and in different organs during 
ischemia and reperfusion [l]. Furthermore, a fall in a- 
tocopherol serum levels in the systemic circulation after 
pancreatic ischemia in the rat responding to SODkata- 
lase treatment has been reported [11]. In addition, after 
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reperfusion of kidney grafts, a-tocopherol has been re- 
ported to decrease significantly in the renal vein, as 
well as in the systemic circulation [14]. Hence, in our 
study a significant consumption should also have been 
expected. Suprisingly, in the clinical setting of pancre- 
atic transplantation the levels of a-tocopherol, retinol, 
a- and /?-carotene, and lycopene remained largely un- 
changed in the systemic circulation after reperfusion of 
the grafts. Even more striking, however, were our find- 
ings that in the venous effluent of the pancreata, no 
changes in antioxidant levels were found. Thus, our re- 
sults clearly excluded a significant consumption of lipo- 
soluble antioxidants during and early after reperfusion 
of human pancreats grafts. 

It has been demonstrated - at least in the rat liver - 
that oxidant stress after ischemia and reperfusion is 
nearly exclusively located extracellularly and for the 
most part even intravascularly [6,7]. Hence, in our mod- 
el significant oxidative stress after reperfusion should 
have been detected by measuring local antioxidant se- 
rum levels. Thus, it is reasonable to assume that the anti- 
oxidative capacity in human pancreats grafts is not a 
limiting factor in respect to the initiation of ischemia-re- 
perfusion injury. This implies, however, that in clinical 
pancreatic transplantation, mechanisms other than mas- 

~~ 

sive lipidperoxidation by OFRs might be relevant in the 
development of ischemia-reperfusion injury. One of 
these mechanisms might be the induction of adhesion 
molecules on the endothelium by the ischemia itself or 
by low concentrations of OFRs and radical species that 
are not capable of lipidperoxidation [16]. 

Our results don’t exclude the possibility that low 
amounts of OFRs trigger a cascade of noxious events 
that eventually results in the well-known ischemia-re- 
perfusion injury. It seems unlikely however, that most 
of the organ damage is mediated by the direct effect of 
large amounts of OFRs leading to massive lipidperoxi- 
dation. This could also explain the finding that in human 
kidney transplantation treatment with SOD is not able 
to reduce ischemia-reperfusion injury significantly [2]. 
Therefore, it seems doubtful that antioxidative therapy 
will further ameliorate the present standard of human 
pancreatic graft preservation. Recent evidence that 
polymorphonuclear neutrophil (PMN) depletion atten- 
uates ischemia-reperfusion injury [9] in different organs 
rather suggests that prevention of PMN adhesion and 
activation might be a more promising approach in the 
treatment of ischemia-reperfusion injury in human pan- 
creats transplantation. 
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