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The effect of erythropoietin in neonatal rat model of hypoxic-ischemic brain injury

Heng-Mi Kim, M.D., Byung-Ho Choe, M.D., Soon-Hak Kwon, M.D. and Yoon-Kyung Sohn, M.D."

Department of Pediatrics, Department of Pathology’, College of Medicine, Kyungpook National University, Daegu, Korea

Purpose : Perinatal asphyxia is an important cause of neonatal mortality and subsequent lifelong neurodevelopmental
handicaps. Although many treatment strategies have been tested, there is currently no clinically effective treatment to prevent
or reduce the harmful effects of hypoxia and ischemia in humans. Erythropoietin (Epo) has been shown to exert neuro-
protective effects in various brain injury models although the exact mechanisms through which Epo functions are not
completely understood. This study investigates the effect of Epo on hypoxic-ischemic (HI) brain injury and the possibility that
its neuroprotective actions may be associated with iron-mediated metabolism.
Methods : HI brain injury was produced in 7-day-old rats by unilateral carotid artery ligation followed by hypoxia with 8%
oxygen for 2 h. At the end of HI brain injury, the rats received an intraperitoneal injection of 5,000 units/kg erythropoietin.
Random premedication with iron, deferoxamine, iron-deferoxamine, or saline were performed 23 d before HI brain injury. The

severity of the brain injury was assessed at 7 d after HI.

Results : Single Epo treatment post-HI brain injury reduced the gross and histopathological findings of brain injury. Iron
premedication did not increase the incidence or severity of the injury as measured by the damage score. Deferoxamine
administration before HI brain injury improved the brain injury as compared to no treatment or Epo treatment.

Conclusion : These findings indicate that Epo provides neuroprotective benefits after HI in the developing brain. These
findings suggest that Epos neuroprotective actions may involve reducing iron in tissues that mediate the formation of free

radicals. (Korean J Pediatr 2009;52:105-110)
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34, 13, 10 123t 67t gl o

glolxl A2 ATk e A %42 Ep
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ztolE HolA gttt oE b &4 FHOE Epow 34
vtg] F 217+2](61.8%), Iron+Epo 13vte] F 8v2](61.5%),
Def+Epo+ 10v+2] < 5728](50%) 18]l Iron+Def+Epox 67}
g & 27+](33.3%) A BT = UATE W gz 10v)
g F 8kl (80%)olA E2o] #EE o] Epo FolA] thxatel
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Fig. 1. Incidence of gross morphologic brain damage in rat
pups subjected to hypoxic ischemia (HI) and treated with pre-
and post-HI injection of Epo, iron and deferoxamine. Abbre-
viations : Control, pre-saline and post-saline injection; Epo,
pre-saline and post-Epo injection; Iron+Epo, pre-iron and
post-Epo injection; Def+Epo, pre-deferoxamine and post-Epo
injection; Iron+Def+Epo, pre-iron and deferoxamine and post-
Epo injection.
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Fig. 2. (A) Normal neonatal rat brain. Cerebral cortex (c), hippocampus (h), and
a part of basal ganglia (bg) is demonstrated. (B) Seven days after hypoxic—
ischemic damage of the neonatal rat brain. Cystic degeneration of cortex (*) and
diffuse neuronal death in the hippocampus (h) and a part of basal ganglia (arrows)
are observed (Hematoxylin & Eosin, 40 magnification).

Fig. 3. (A) Erythropoietin-treated neonatal rat brain after hypoxic-ischemic insult.
Diffuse neuronal death with focal cystic degeneration of cerebral cortex is noted.
Death of many pyramidal neurons is observed, but granular cells of dentate fascia
persist. (B) Iron-pretreated and erythropoietin-treated brains show cystic degene-
ration of cerebral cortex and profound loss of pyramidal neurons and granular
cells in the hippocampus. (C) Deferoxamine-pretreated and erythropoietin-treated
brains show focal neuronal death without prominent cystic degeneration of cerebral
cortex. More than half of the pyramidal neurons and most of the granular cells
are still alive. (D) Higher magnification of inset image of C. Geographic neuronal
death (*) is seen (Hematoxylin & Eosin, A,B,C: x40, D: x200 magnification).

- 107 -



HM Kim, BH Choe, SH Kwon, et al.

100%
90%
80%
70%

60% @ Severe
50% | O Mod
40% O Mild

30%
20%
10%

0%

Control EPO Iron+Epo Def+Epo  Iron+Def+Epo

Fig. 4. Incidence and severity of brain damage in rat pups
subjected to hypoxic ischemia (HI) and treated with pre- and
post—HI injection of Epo, iron and deferoxamine. Bars repre-
sent percentage of animals exhibiting brain damage, ranging
from mild to severe. Abbreviations : Control, pre-saline and
post—saline injection; Epo, pre-saline and post-Epo injection;
Iron+Epo, pre-iron and post-Epo injection; Def+Epo, pre-de-
feroxamine and post-Epo injection; Iron+Def+Epo, pre-iron and
deferoxamine and post-Epo injection.
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Fig. 5. Severity of brain damage in selected brain structures
of rat pups subjected to hypoxic ischemia according to pre-
and post-hypoxic ischemia.
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