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Failure of Iron Chelators to Protect Against 
Cerebral Infarction in Hypoxia-Ischemia 

V. MacMillan, I. Fridovich and J. Davis 

ABSTRACT: In this study the ability of iron chelators to attenuate hypoxic-ischemic brain damage was assessed in 
hyperglycemic rats that were exposed to 1% carbon monoxide and right carotid occlusion. The animals received defer
oxamine (50 mg/kg), manganese-deferoxamine (50 mg/kg) or vehicle i.p. 0.5 h prior to hypoxemic-ischemic exposure 
and at 0.5, 3 and 24 h post-exposure; with subsequent histological examination of the brain at 7 days recovery. The 
area of cerebral infarction was measured at three levels using video imaging methods. The mean percentage of total 
hemisphere that was infarcted in the three groups was: vehicle — 28.5 ± 5.0; deferoxamine — 31.7 ± 12.1; and man
ganese deferoxamine — 30.6 ± 6.8 (p - n.s.). The results as obtained in this preliminary study indicate that aggressive 
pre- and post-treatment with iron chelators has no ability to attenuate cerebral infarction in this model. 

RESUME: Les chelateurs du fer ne protegent pas de I'infarctus cerebral dans Phypoxie-ischemie. Nous avons 
evalue la capacite des chelateurs du fer d'attenuer les dommages hypoxiques-ischemiques au niveau de cerveau de rats 
hyperglycemiques qui etaient exposes a de l'oxyde de carbone et a une occlusion de la carotide droite. Les animaux 
ont recu de la deferoxamine (50 mg/kg), du manganese-deferoxamine (50 mg/kg) ou le vehicule i.p. 0.5 h. avant 
I'exposition a l'hypoxie-ischemie et a 0.5, 3 et 24 h. post-exposition. On a procede a un examen histologique du 
cerveau au septieme jour de la peroide de recuperation. La zone cerebrale infarcisee a ete mesuree a trois niveaux par 
des methodes d'imagerie video. Le pourcentage moyen hemispherique infarcise etait de 28.5 ± 5.0 pour le vehicule, 
31.7 ± 12.1 pour la deferoxamine et de 30.6 ± 6.8 pour le manganese-deferoxamine (p - n.s.). Ces resultats prelemi-
naires indiquent qu'un pre- ou post-traitement agressif avec un chelateur du fer ne peut pas attenuer I'infarctus cerebral 
dans ce modele experimental. 
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It has been suggested that anoxic-ischemic brain damage is 
in part due to lipid peroxidation which is induced or catalyzed 
by iron released from cellular storage-sites.L2 In this hypothesis 
it is proposed that severe tissue lactic acidosis causes a deloca-
tion of ferric iron (Fe3+) from transferrin and ferritin with subse
quent catalytic reactions with superoxide anions (.02-) and 
hydrogen peroxide (H202) to yield the tissue damaging hydroxyl 
(.OH-) radical.3 Support for this hypothesis has been obtained 
from the demonstration that metabolic acidosis stimulates lipid 
peroxidation in brain homogenates and that addition of the iron 
chelator, deferoxamine prevents this acidosis-stimulated lipid 
peroxidation.4"6 A number of cl.inical studies have shown 
improved survival and physiologic function of postischemic rats 
and dogs given deferoxamine alone or in combination with 
other free radical "quenching" agents.7'10 Despite these clinical 
studies, the literature lacks histological data to support the pro
posed beneficial actions of deferoxamine in ischemia. 

The objective of the present study was to assess whether 
deferoxamine or the superoxide dismutase mimic, manganese 
deferoxamine, have infarction-preventative activity in the rat. 

METHODS 

The experiments were performed on adult male Wistar rats 
(325-375 g) that were allowed free access to water and food. 
One day prior to hypoxemic-ischemic exposure the animals 
were anesthetized with i.p. pentobarbital (50 mg/kg) and the 
right carotid artery was surgically exposed and double ligated 
with 4-0 silk. The following day the animals were injected with 
2 ml 25% dextrose in water i.p. and 0.5 h later were placed in a 
plastic bell jar (0.01 m3) which was flushed with 1% carbon 
monoxide in air at a rate of 5 L/min. After 25 min exposure the 
animals were returned to room air. At 7 days post hypoxemia-
ischemia the animals were anesthetized with pentobarbital and 
the brain was fixed in situ by intra-cardiac perfusion of a brief 
0.9% saline washout followed by 300-400 ml of 10% formalde
hyde. The fixed brain was subsequently prepared for paraffin 
sections, stained with cresyl violet and assessed for histological 
damage. The area of cerebral infarction was measured using a 
video image processing program and measurements at 3 levels 
(approximately at 3, 5 and 8 mm anterior to the interaural line)" 
were averaged to give the value "area of infarction". 
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The animals were divided into three treatment groups which 
were: (a) vehicle - H20 (n = 8); (b) deferoxamine 50 mg/kg (n = 
7); and (c) manganese deferoxamine 50 mg/kg (n = 7) which 
were given i.p. 0.5 h pre-exposure and at 0.5, 3 and 24 h post
exposure. The results were analyzed using Wilcoxan's rank sum 
test for unpaired samples with p < 0.05 being needed for statisti
cal significance. 

RESULTS 

Table 1 summarizes the survival data of the experimental 
groups. Two animals in the vehicle and one animal in the defer
oxamine group died within minutes of the termination of hypox-
emia-ischemia exposure and showed a picture of acute hemor
rhagic pulmonary edema. One animal in each of the three 
experimental groups died on post-ischemia day 3-5 with a clini
cal picture of recurrent seizures and declining level of con
sciousness. 

Table 2 gives the measured "area of infarction" for the three 
experimental groups. All 15 sections examined in the vehicle 
and deferoxamine groups showed infarction, with values for 
area infarcted ranging between 7.5 - 37.6 and 4.4 - 41.1 mm2 for 
vehicle and deferoxamine groups, respectively. In the man
ganese deferoxamine group 15 of 18 sections examined showed 
infarction, with values for area infarcted ranging between 12.5 -
42.8 mm2. The infarctions were predominantly located in the 
territory of the middle cerebral artery and showed involvement 
of grey, white and striatal structures (see Figure 1). The data 
indicates that pre- and post-treatment with deferoxamine and 
manganese deferoxamine had no significant attentuating effect 
on the development of or the size of infarction in this experi
mental model. 

DISCUSSION 

The results of the present preliminary experiments provide 
no support for the suggestion that the iron chelator, deferoxa
mine may be of benefit in the prevention or treatment of cere-

Table 1: Survival of Rats Exposed to 1 
Artery Occlusion and Iron Chelators 

Experimental 
Group 

Vehicle - H20 

Deferoxamine 

Mn-Deferoxamine 

Number Number 
Exposed Surviving 

8 5 
7 5 
7 6 

% C O -

Acute 
Death 

2 
1 
0 

Table 2: Area of Infarction in Rats Exposed to 
Carotid Artery Occlusion and Iron Chelators 

Experimental 
Group 

Vehicle - H20 

Deferoxamine 

Mn-Deferoxamine 

Area of 
Infarction mm2 

20.31 ±3.78 

19.33 ±7.38 

21.84 ±5.28 

- Right Carotid 

Delayed 
Death 

1 
1 
1 

1% CO - Right 

% of Brain 
Section Infarcted 

28.5 + 5.0 

31.7+ 12.1 

30.6 + 6.8 

Values are means ± SEM of 3 individual measurements done in each 
rat at +3, +5, and +8 mm to the interaural line. 

bral infarction. l ' 2 S i a In addition, since the hyperglycemia 
hypoxemia-oligemia model used is associated with intense lac
tic acidosis,12 the results do not support the hypothesis that the 
tissue-damaging actions of acidosis may be expressed via the 
induced release of iron from tissue storage sites.3 The survival 
data also do not support previous reports that deferoxamine 
increases the survival rate after cerebral ischemia.7-9 Since these 
prior survival studies used a global ischemia model (i.e., cardiac 
arrest) the reported beneficial effects could well have been due 
to an action on systems other than the brain — i.e., heart, 

Figure I — Coronal sections of brains from rats exposed to carbon 
monoxide-oligemia and i.p. injections of A) vehicle - H20, B) defer
oxamine 50 mg/kg or C) Mn-deferoxamine 50 mg/kg. 
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acid-base balance, etc. This conclusion is in agreement with the 
study of Fleischer et al.13 which showed no ability of deferox
amine to improve neurological outcome in dogs exposed to 
complete cerebral ischemia with intact coronary and pulmonary 
circulation. 

The negative results of the present study are further rein
forced by the fact that manganese-deferoxamine, a compound 
with 30 times the potency of deferoxamine, was also without 
beneficial effect. Previous reported studies have indicated 
improved survival of manganese-deferoxamine treated mice 
under conditions of hemorrhagic and endotoxic shock;14 a phe
nomenon which may have a similar mechanism to that proposed 
for the protective effect of deferoxamine in the cardiac arrest 
model. 

The pathogenetic role of free radicals in ischemic brain dam
age has been difficult to establish. Thus, although numerous 
supportive in vitro studies are available,3 firm in vivo evidence 
of a prime role for free radicals in the causation of ischemic 
brain damage is generally lacking. In a recent review3 it was 
suggested that free radical damage would theoretically be 
important under circumstances of incomplete circulatory arrest 
(i.e., some 02 to tissue) and acidosis (i.e., to delocate iron). Since 
both of these conditions are met in the present model of carbon 
monoxide intoxication and incomplete ischemia (i.e., tissue lac
tic acid levels of 30 mMol/kg in the hemisphere supplied by the 
clamped carotid artery12), the negative results of the present 
study offer no experimental support for this proposal. 

The present model was patterned after the hypoxemia-
ischemia model of Salford et al.;16 and by the observation that 
addition of hyperglycemia leads to a high incidence of cerebral 
damage in this model.17 The experimental combination of car
bon monoxide-carotid occlusion and hyperglycemia resulted in 
a 93% incidence of cerebral infarction, with areas of infarction 
averaging about 30% of the total brain section. Although this 
high incidence of infarction made the present data easy to ana
lyze, the small number of experimental animals suggests that 
extrapolation of the results to the clinical situation may require 
further study. 
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