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In the last decade, numerous findings opened new perspectives for neuroprotection in the treatment of 
acute and chronic neurodegenerative diseases such as stroke, neurotrauma, and Alzheimer’s disease. The 
concept of neuroprotection includes a multitude of processes leading to the protection of cells in the 
central nervous system (CNS) against degeneration and death or/and compensation of the functional loss 
by generation of new functionally active cells. 

Over more than 10 years of investigations of the local endothelin (ET) system in the CNS have shown 
a stong involvment of this potent vasoconstrictor in the pathogenesis of ischemic brain injury. ET-1 was 
shown to be markedly up-regulated after ischemic brain injury[1,2]. However, the literature data 
concerning the effects of ET-1 during ischemic damage are contradictory: Some of them show that the 
exogenous application of ET-1 can lead to an exacerbation of ischemic damage[3,4] and that the blockade 
of ETA/B-receptors (ETA/B-R) reduces the focal cerebral ischemic injury[5]. In contrast, Ho et al.[6] 
demonstrated that ET-1 protects against ischemic injury and that up-regulation of astrocytic ET-1 
expression is essential for the survival of astrocytes. ET-1-deprived astrocytes were more vulnerable to 
hypoxia and ischemia. Both ET receptor types (ETA- and ETB-R) appear to play an important role in the 
functions of different types of cells, CNS cells inclusively. ET-R subtypes can regulate the control of 
glutamate clearance[7], dopaminergic activity[8], and cell survival  during different types of injury[9,12]. 

During degenerative diseases of the brain, accompanied by decreased oxygen supply, disturbances of 
brain-specific homeostasis, and cell death, the renewal of cell populations may provide a balance between 
the functionally active and apoptotic cells. Despite numerous studies demonstrating the critical role of 
astrocytic apoptosis in the pathogenesis of acute and chronic disorders such as cerebral ischemia or 
Alzheimer’s disease (for review see [10,11]), the mechanisms regulating the astrocytic survival and their 
capacity to counteract pathological situations are not well understood. 
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Therefore, in our recent study, we investigated the role of ETA and ETB receptors in the protective 
mechanisms underlying the resistance of astroglial cells to hypoxia[12]. It was also of high interest to 
compare the protective capacities of ETA-R blockade with those of erythropoietin, a cytokine with 
established neuroprotective effects. The in vitro investigations performed on astroglial primary cultures 
under normoxic and hypoxic conditions have shown that the administration of an ETA-R antagonist, BQ-
123, led to an increase in cell number and inhibited the hypoxia-induced apoptosis and cytotoxicity. 
These effects of BQ-123 were abolished in cultures simultaneously treated with the ETB-R antagonist 
BQ-788. Further on, the rejuvenation of astroglial cells after administration of BQ-123 under hypoxic and 
normoxic conditions was shown by an increased number of nestin- and glial fibrillary acidic protein 
(GFAP)-positive astrocytes accompanied by decrease of cells solely expressing GFAP. The protection 
provided by BQ-123 to astroglial cells against hypoxia-induced cytotoxicity as well as its cell 
proliferation-inducing effect was similar to that of erythropoietin (EPO). The antiapoptotic effects of BQ-
123 on astroglial cells could be enhanced by simultaneous application of EPO. A significant increase in 
the number of nestin+/GFAP- under treatment with EPO or BQ-123 manifested the slowing down of 
astrocyte differentiation[12]. In our second study, we demonstrated for the first time that the protective 
effects of BQ-123 are associated not only with its antiapoptotic and rejuvenating activities on astrocytes, 
but also with the ability to ameliorate the resistance of neurons and neuronal progenitors to decreased 
oxygen supply[13]. The BQ-123-influenced enlargement of the population of differentiated neurons and 
undifferentiated neuronal precursor cells shown in this study points at an activation of mechanisms 
supporting the generation of neurons as well as an increased survival of the cells. The number of 
undifferentiated neurons and the survival of differentiated neurons under normoxic and hypoxic 
conditions was increased under treatment with EPO either. This effect of EPO on proliferation of pre-
existing neuronal precursors and enhancement of their differentiation into the cells of neuronal lineage 
was shown also in other studies[14,15]. Similar neuroprotective potential provided by the blockade of 
ETA-R and treatment with EPO hints at a possible implementation of these compounds in the treatment 
of hypoxia-associated disorders of the brain.  

Taken together, the findings mentioned above challenged the exclusivity of vasoactive effects of 
ETA-R blockade, showing its strong neuroprotective capacity. The antiapoptotic, survival-enhancing, and 
rejuvenating effects of ETA-R blockade and EPO alone, and their additive effects on neurons and 
astrocytes, can be used in the treatment of the wide spectrum of acute and chronic neurodegenerative 
diseases such as stroke, neurotrauma, and Alzheimer’s disease. However, in order to provide the “proof of 
the concept” for the clinical implementation of ETA-R blockade alone and in combination with EPO, 
further attempts should be done to explore neuroregenerating characteristics of ETA-R blockade and EPO 
in in vitro and in vivo models of different types of neurodegeneration. 
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