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Mitochondrial function is a major determinant of renal viability 
following hypothermic storage and transplantation. There is now 
considerable in vitro evidence that mitochondrial function, following 
a period of anoxia, is impaired upon reoxygenation by free radical 
generation. Under these conditions, complex 1 and the ubiquinone- 
cytochrome b segments of the respiratory chain (RC) have been shown 
to transfer electrons directly to molecular oxygen, generating 
superoxide radicals and hydrogen peroxide. 

Dismutation or degeneration of these species to more harmful 
oxygen intermediates such as the hydroxyl radical is catalysed by 
transition metals (eg. iron) via the Fenton reaction. During normal 
cellular metabolism, iron is bound to ferroproteins (eg. cytochromes) 
or to the iron storage protein femtin and its degredation product 
haemosiderin. However, during ischaemia iron can become 
delocalized, perhaps through reductive mobilization of ferritin iron. It 
is not known whether this delocalized iron contributes to RC damage 
in vivo, either by complexing to mitochondrial membranes or by 
affecting cellular ionic homeostasis. 

The objectives of this study were: a) to determine the effect of 
72 h hypothermic storage on renal mitochondrial function in vivo 
immediately after transplantation; and b) to evaluate the relative effect 
of "intracellular" and "extracellular" iron chelation as means of 
improving mitochondrial function. 

We have measured the rates of redox transition of the 
NADH/NAD+ couple by surface fluorescence spectroscopy of NADH 
in response to two events: (i) reperfusion of unstored or 72 h stored 
autografted NZW rabbit kidneys with oxygenated blood; and (ii) 
inhibition of complex 1 NADH dehydrogenase by sodium 
pentobarbitone after 4.5 min reperfusion (which results in regeneration 
of NADH if the RC is undamaged and there is no substrate 
deficiency). The bidentate iron chelator CPlO2 (which can penetrate 
cell membranes) and the hexadentate desferrioxamine (which cannot) 
were added to the preservation solution and given i .v. to the animal at 
concentrations previously shown to inhibit susceptibility to lipid 
peroxidation. 

24 adult female NZW rabbits (2.5-3 kg) in 4 groups of 6 
animals underwent renal autografts (described in detail elsewhere [l]. 
Freshly nephrectomized right kidneys were flushed with 40 ml cold (0- 
2%) HCA and either autografted immediately into the left renal bursa 
(Group 1) or stored in HCA at I-2°C for 72 h before autografting 
(Group 2). In Group 3 the bidentate iron chelator l-hydroxyethyl-3- 
hydroxypyridin-4-one (CP102) was added to the HCA at 300 p M  and 
kidneys stored for 72 h as in Group 2. Upon reperfusion, a 40 mgkg 
bolus of CP102 was given iv to the recipient. In Group 4, the 
hexadentate trihydroxamate desferrioxamine (DFX) was added to the 
HCA at 100 pM and kidneys were stored for 72 h as in Group 2. 
Upon reperfusion DFX was given iv to the recipient at 50 mglkg. 

During reperfusion of transplanted kidneys, surface 
fluorometric (SF) measurements of mitochondrial NADH were made 
in siru using a Perkin Elmer LS 50 with a fibreoptic attachment. 
Emission spectra of NADH from 366-600 nm were obtained by 
excitation at 366 nm (slit widths 10/10 nm). Scans were repeated every 
30 sec. The clamps were removed and the kidney reperfused 
immediately after the second scan. Reperfusion was terminated at 4.5 
min by a lethal iv infusion to the animal of sodium pentobarbitone (200 
mgkg). Scanning was continued for 5 min thereafter. The results are 
presented in terms of percentage change in relative fluorescence from 
the pre-reperfusion values (corrected by baseline variations at 420 nm). 
Sections of renal tissue were fixed in gluteraldehyde for EM evaluation 
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Fig. 1 Changes in NADHjluorescence in Groups 1 (m) and 2 (A) 

of mitochondrial ultrastructure, and formal saline for light 
microscopical evaluation of oedema, congestion and haemorrhage. 
These parameters were scored blind on a scale of 0 (absent) to 4 
(severe). 

Pre-reperfusion fluorescence was not significantly different 
between any group. Nor was there was any observable mitochondrial 
ultrastructural damage before reperfusion. These findings suggest that 
mitochondrial integrity (but not necessarily functional capacity) was not 
significantly compromised prior to reperfusion. Upon reperfusion, 
NADH was rapidly oxidized (within 2 min) in all groups, suggesting 
that NADH oxidation occurred via the same pathway (eg. an intact or 
uncoupled RC). Sodium pentobarbitone infusion resulted in a 
significant increase in NADH fluorescence in Group 1 kidneys to 60% 
(* 16%) of pre-reperfusion values (Fig. 1). This suggests that some 
mitochondrial dysfunction was induced by the warm ischaemic period 
during transplantation. Since 100% NADH was regenerated after 3 h 
reperfusion [l], this damage was reversible. 

There was no significant increase in NADH fluorescence in 
Group 2 upon sodium pentobarbitone infusion (Fig. l), suggesting that 
72 h storage resulted in mitochondrial dysfunction (which may have 
been a result of substrate deficiency, damage to the RC itself, eg 
complex 1; or hydrolysis of NAD+ to ADPribose and nicotinamide). 
Addition of CP102 and DFX both resulted in slightly greater increases 
in NADH fluorescence but neither was significantly greater than Group 
2. 
Histological analysis showed no signs of perturbation in cortical 
microcirculation in any group, suggesting that the failure to regenerate 
NADH was not a result of compromised circulation. 72 h storage 
resulted in mild to moderate cortical oedema in Group 
2. Both C102 and DFX highly significantly (<0.005, Mann Whitney 
U test) improved the morphological appearance of the cortex such that 
oedema was reduced to absent or minimal. 

We conclude that hypothermic storage of rabbit kidneys for 72 
h resulted in severe mitochondrial dysfunction within 5 min of 
reperfusion. Neither "extracellular" nor "intracellular" iron chelation 
improved respiratory chain function despite both types of chelator 
having a significant ameliorative effect on cortical oedema. Iron 
delocalization therefore seems unlikely to be a critical determinant of 
respiratory chain function during reperfusion of hypothermically stored 
transplanted kidneys. 

[ l]  Thorniley MS, Lane NJ, Manek S, Green CJ, Kidney IIU 1994; 45: 
1489. 


