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SUMMARY:

In a reversible middle cerebral artery occlusion model in rats. the possible efficacy of deferoxamine
on radical level and infarct size was investigated.
Deferoxamine was injected intravenously immediately after the occlusion at a doses of 100 mg/kg.
It significantly lowered lipid peroxidation in the focal ischemic or reperfused rat brain (p<0.03).reduced the rate of infarction areas (P<0.05) and improved neurological grades (P<0.05).
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INTRODUCTION:
The acute stage of cerebral ischaemia is of
therapeutic interest for the high inddence of infarction in stroke patients and prevention of
tissue damage by iatrogenic temporary occlusion of a vessel during neurosurgical intervention.
In recent years. it has been established that
free radical induced peroxidation plays a major role in the tissue damage seen in ischaemia.
reperfusion and traumatic injury (5.9.10.16.17.
20. 22. 25). A major source of hydroxyl radical
in biological systems is the reactive sequence of
hydroxyl radical with hydrogen peroxide in the
presence of iron ion; this reaction has been called the iron catalysed Haber-Weiss reaction or
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the superoxide driven Fenton reaction (13):
O2- + Fe3+-->
Fe 2++ O2
H202 + Fel+--> OH·+ Fe3++OHO2- + H202-->

OH·+ OH-+ O2

In addition to the oxygen free radicals
generated by ischemic or traumatic processes.
the transfer of electrons between free ions of
metals such as copper and iron can also initiate
the formation of oxygen radicals (10. 20). Some
investigators have shown that addition of exogenous iron is enough to initiate lipid peroxidation (20. 26).
The brain is known to be rich in iron content and a linear relationship had been found
between endogenous iron content of brain and
the ability to produce lipid peroxides (2.20.26.27).

Deferoxamine (DFO) is an iron chelating
agent used in iron overload. espedally in
Thalassemia. Several experimental studies have
shown that it reduced the rate of lipid peroxidation in rat or rabbit heart during ischaemia and
reperfusion (22. 25). It also has been experienced in brain oedema in cats. in vasospasm prophylaxis in a rabbit model of subarachnoid
haemorrhage. exogenous iron induced lipid
peroxidation in rats. recovery of cerebral blood
flow and function in cardiac arrest in dogs or in
some in vitro studies (6. 8. 12. 20. 23). However.
DFO has not previously been investigated in
focal cerebral ischaemia.
A reversible middle cerebral artery occlusion
(MCAO) model was chosen in order to investigate the possible efficacy of DFO on radical
level and infarct size in the treatment of focal
cerebral ischaemia and reperfusion injury.
MATERIALSand METHOD:
Animal Groups Studied: Thirty-one male
Wistar rats weighing 200-+20 gr were used. They
were
divided
into MCAO+DFO
and
reperfusion+DFO groups. The MCAO+DFO
group consisted of 18 rats: 10 animals for lipid
peroxide assays and 8 for quantification of the
infarct
size and neuropathology.
The
Reperfusion +DFO group consisted of 13 animals;
5 for biochemical assay and 8 for quantification
of the infarct size and neuropathology. Previously
reported MCAO and Reperfusion groups served
as control groups (21).
Surgical Procedure: The surgical method for
MCAO and reperfusion has been reported
previously (21). Intravenous injection of DFO
(Desferal5OOmg-Ciba-Geigy)(100mg/kg)was performed immediately after MCAO via the dorsal
penis veins.
Neurological examination: Neurological examination was performed at the second and 24th
hours prior to sacrifidng the rats. A neurological
grading system described by Bederson (3) was
used.
Tissue preparation and lipid peroxide
assay: After one hour of survival. 5 rats from
each group and after two hours of survival. 5
other rats from each group. were sacrificed by

decapitation. Samples from the ischemic right
frontoparietal cortex and the lateral segment of
the caudate putamen and its corresponding area
at the left hemisphere. were prepared and
transported in a cold chain as described previously (21). Lipid peroxidation was measured by a
thiobarbuturic add test (21).
Quantification of Ischemic Brain Damage:
Five rats from each group were sacrificed at 24
hours. After decapitation. the brains were immediately and carefully removed from the skulls.
The position of the intraluminal thread was confirmed each time. Within 2 minutes of sacrifice
a 2mm thick coronal slice was made at 5mm
from the frontal pole. stained with TIC and later
analyzed for the quantification of damage and
histology (21).
Neuropathology: Three rats from each group
were sacrificed at the second hour of occlusion;
brains were immediately removed and stored in
10 % formalin. With the addition of the TIC immersed slices used in quantification of the infarction area. all spedmens were embedded in
paraffin wax and sectioned. 5 mmicron thick sections were stained with hematoxylin and eosin
and examined by light microscopy.
Statistical Analysis: Data is presented as real
or mean [+- standard deviation (SD)]. MannWhitney U and Wilcoxon-Signed Ranks tests
were used to assess significance and (p<0.05)was
considered statistically significant.
RESULTS:
All rats exhibited right Homer's syndrome.
At two hours. only 2 animals in the
reperfusion+DFO group showed mild paresis of
the right upper extremity. In the MCAO+DFO
group. left hemiparesis with the upper extremity dominant was observed. At 24 hours. reperfused animals recovered completely and the
MCAO+DFO group showed improvement. The
neurological grades of the DFO administered
group were better than those of the control group
(p<0.05) (Table 1).
The position of the intraluminal thread was
confirmed in each case of the MCAO+DFO
group. and the tip was found to be at the
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findings were similar to the histology of the control groups (21).
DISCUSSION:

Our aim was to investigate the efficacy of
DFO on lipid peroxidation and infarct size in
focal cerebral ischaemia and reperfusion injury.
To achieve this goal. we used a rat model of intraluminal MCAO without craniectomy in order
to minimize
the artifacts
complicating
physiological and biochemical data analysis.
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The auto-oxidation of unsaturated fatty adds
has been suggested as one of the primary factors in the acute stage pathology of the ischemic
or hypoxic brain (14).In our previously reported
study, we also found a significant positive correlation between lipid peroxide level and infarction rate in focal cerebral ischaemia (21).
Ischemic infarction causes decompartrnentalization of iron compounds present in the brain
tissue followed by the release of free metal.
which. undergoing univalent redox reaction, is
supposed to initiate and propagate lipid peroxidation into the lipid rich neural parenchyma by
stimulation of oxidative free radical formation
(4. 8).

Fig. 3 : Photographs of TIC immersed coronary slices at 5
mm to the fontal pole in control (A) and treated
(B) rats following MCAO. Unstained areas reveals
infarcted areas.

On histological
examination
of the
reperfusion+DFO group at the 24.th hour. as
compared to the control group. resolution of the
oedema was seen. In the MCAO+DFO group.
both at the second and 24.th hour. the ischemic

During reoxygenation. a burst of superoxide
radical production occurs as a by product of the
oxygenation of hypoxanthine and arachidonate
metabolism via cydooxygenase arid lypooxygenase (6, 22, 24. 25. 28). Superoxide radicals
promote the release of iron from ferritin. probably causing the increase in brain concentrations of free iron that occur during reperfusion
after cardiac arrest. Free iron catalyses the conversion of superoxide radicals into highly reactive hydroxyl radicals; free iron is also necessary
for the initiation and propagation of membrane
lipid peroxidation, which does not occur if iron
is absent or chelated (6).
Oxygen free radical processes have an intracellular loeation and treating agents must cross
cell membranes (7. 12).DFO is an extensively used drug in the treatment of iron load. It has a
high affinity for iron. espedally in the ferric form
(22).The molecular weight is low and it is known
to cross the cell membranes and blood-brain barrier (11. 15, 23. 25).
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Iron che1ated by DFO is chemically inert and cannot participate in the Fenton or Haber-Weiss
reactions (22).Other che1ators such as EDTA or
ADP have much lower affinity constants for iron
and do not prevent the iron from catalyzing the
Haber-Weiss or Fenton reactions. They may even
augment the reactions because of the transient
formation of ferric ions in the transition between
bound and low bound states (22).DFO does not
allow the availability of ferric ions because of its
very high affinity in this state (1). DFO can also
act as a direct scavenger of superoxide anions.
which are then not available for conversion to
hydrogen peroxide. the substrate in the Fenton
reaction (18. 19).
The present study showed that DFO
significantly lowered lipid peroxidation in focal
ischemic or reperfused rat brain. reduced the rate
of infarction areas and improved neurological
grades. However. more studies concerning
parametric time course. dose response and toxicity analysis are needed.
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