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Abstract Hypoxia and ischemia resulting in reduced oxygen delivery to brain tis-
sues is reported to cause neurodegeneration in both in vitro and in vivo models. 
Similar decrease in partial pressure of oxygen occurs on ascent to high altitude, 
a situation referred to as hypobaric hypoxia that limits oxygen availability to the 
brain. Our studies on human subjects reveal decrease in vigilance and response 
time along with decreased cerebral oxygenation which is both altitude and dura-
tion dependent. Alterations in evoked potentials and change in hedonic matrix were 
also observed following exposure to high altitude environment. Investigations in 
animal models exposed to simulated altitude showed occurrence of oxidative stress, 
neurodegeneration and memory impairment. This hypoxic response of neurons is 
multi-factorial and involves complex signaling pathways thereby limiting the thera-
peutic efficacy of several antioxidants in ameliorating hypobaric hypoxia–induced 
memory impairment. Animals exposed to hypobaric hypoxia show depletion in 
the antioxidant status along with increased free radical generation. Neuromorpho-
logical studies revealed neurodegeneration and dendritic atrophy in the hippocam-
pus. Altered neurotransmitter synthesis, release and metabolism have also been 
observed along with occurrence of calcium overload in hypoxic neuronal cells. 
These changes in the hypoxic brain find an analogy with the aging related changes 
that include decreased conduction rate, generation of free radicals, protein oxidation 
and cellular apoptosis. Administration of N-acetyl cysteine to animals exposed to 
hypobaric hypoxia showed considerable improvement in memory functions along 
with decrease in free radical generation. Acetyl-L-Carnitine administration during 
hypobaric hypoxia also improved the cognitive capabilities in animal models. Our 
investigations revealed a multifactorial action of Acetyl-L-Carnitine that included 
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improved mitochondrial bioenergetics, neurotrophin mediated signaling and anti-
oxidant status. The implications of these compounds as anti aging and anti-senes-
cence interventions, however, need to be investigated.
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12.1  Introduction

The brain is not only situated at the anterior most region of the body, but also 
regulates an array of physiological functions through its complex wired neuronal 
networks. It directly or indirectly influences the central, peripheral and autonomic 
responses which govern an individual’s psychological, physical and physiological 
responses to internal and external stimuli. The brain comprises of billions of neu-
rons and glial cells that work in unison to form complex circuits for storing and 
processing of information. These closely coordinated miniature electrical circuits 
operate through tightly regulated opening and closing of ion channels which could 
be ligand-gated or voltage-gated. Maintenance of a potential gradient across the 
neuronal membrane which is imperative for transmission of impulse through these 
neuronal circuits involves utilization of large amount of ATP. This high energy re-
quirement makes brain metabolically the most active organ in human body. This 
probably also explains the reason why neurodegenerative disorders like Alzheim-
er’s, Parkinson’s, Amyotrophic Lateral Sclerosis are all associated with aging brain. 
Derailments in higher order cognitive functions and early dementia are considered 
to be preliminary symptoms of an aging brain. Interestingly, aging is often associ-
ated with vascular dementia and reduced oxygen supply to the brain. Several psy-
chological, physiological and biochemical manifestations during aging appear to 
be similar to hypoxia and ischemia. However, aging related neurodegeneration is 
a slow and progressive phenomenon spanning over years, while hypoxia is a more 
severe insult on the neurons resulting in their immediate death. Hence, understand-
ing the mechanisms of hypoxic neurodegeneration which is a much severe stress 
in comparison to aging could surely provide some valuable insights into strategies 
for preventing neurodegeneration during aging. Besides that, it could also help in 
understanding the effect of episodes of hypoxic stress during young and adult stages 
of an individual’s life on neuronal aging at old age.

12.2  The Brain Function in Low Oxygen

The brain has the highest oxygen and glucose dependency and consumes 20 % of 
the total oxygen for generation of ATP through the aerobic mechanisms (Halliwell 
1992). Decreased supply of oxygen to the brain during conditions of hypoxia and 
ischemia therefore results in neurodegeneration. A unique situation of global de-
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crease in oxygen supply to the brain is encountered during ascent to high altitude. 
The reduction in partial pressure of oxygen on ascent to high altitude leads to 
decreased oxygen saturation of arterial blood and compromised oxygen delivery 
to tissues (Peacock and Jones 1997). This condition, referred to as hypobaric hy-
poxia, not only limits human performance (Pugh 1964; West 1988, 2002) but also 
triggers several physiological, sensory and neurobehavioral alterations (Houston 
et al. 1987; Hornbein 1992). The effects of hypoxia are greatly influenced by 
rate of ascent and duration of stay at high altitude. The range of altitude has been 
distinguished into: (1) Intermediate altitude (1,500–2,500 m), where physiologi-
cal changes are detectable due to hypobaric hypoxia, but arterial oxygenation re-
mains above 90 %. However, altitude illness is possible, (2) High altitude (2,500–
3,500 m), where altitude illness is commonly observed due to rapid ascent above 
2,500 m, (3) Very high altitude (3,500–5,800 m), where arterial oxygenation falls 
below 90 %. Altitude illness is common and marked hypoxemia can occur due 
to exercise, (4) Extreme altitude (> 5,800 m), where successful acclimatization 
cannot be achieved, progressive deterioration follows and hypoxemia occurs at 
rest. It is assumed that long term stay for humans is not possible above 5,500 m, 
although moderate altitudes can sometimes be tolerated without supplementary 
oxygen (Hackett and Roach 2001). Beginning with the balloon flights in the latter 
half of the nineteenth century, extensive literature has described the subtle effects 
of hypoxia on the brain and CNS (West 2004). Much early work by McFarland 
(1937) documented the effect of hypoxia on mental performance at high altitude. 
On the basis of observations and tests of sensory, motor and cognitive function, 
McFarland observed that individuals taken rapidly (hours) to 4,000–4,500 m ex-
hibited impairment in both simple and complex psychological performance. Mo-
tor functions, such as handwriting, were also impaired but to a lesser extent, and 
sensory modalities were affected little if at all. Investigators have documented 
decrements in performance on a variety of neuropsychometric tests for cognitive 
and motor functions after sudden exposure to even relatively moderate hypoxia 
(2,000–4,500 m) (Stickney and Van Liere 1953; Ernsting 1978).

Changes in a visual-positioning test performed during light work have also 
been reported at an altitude as low as 1,500 m (Denison et al. 1966). A study 
in humans has shown that 15 adults (29–37 years old), tested under high alti-
tude conditions (4,500 and 5,050 m), displayed difficulties in recalling word 
lists, specifically those words that came early in the list (primacy effect). In this 
study, memory recall remained impaired 45 days after descent from high altitude 
(Pelamatti et al. 2003). There is further evidence that memory impairment may 
last several months after returning to the lowlands. A number of other studies have 
shown that verbal and visual short-term memory capacity and recall is impaired 
at altitudes starting at 2,500 m (Cavaletti et al. 1987; Regard et al. 1989; Hopkins 
et al. 1995). Acute exposure to hypoxia (few minutes) at altitudes above 6,500 m 
is known to cause severe neurobehavioral dysfunctions and loss of consciousness 
in non-acclimatized individuals. These studies suggest that a critical impairment 
in higher cognitive functions is the earliest and most insidious consequence of 
exposure to high altitude.
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12.3  Neuronal Response to Hypoxia

Various cell types in the brain and CNS show differential susceptibility to hypoxic 
insult, with the neurons dying of hypoxia long before glial cells and among glia, 
oligodendrocytes before astrocytes (Wang et al. 2002). Rats exposed to hypobaric 
hypoxia reveal occurrence of oxidative stress, neuronal degeneration and dendritic 
atrophy (Titus et al. 2007; Maiti et al. 2006). The mechanisms pertaining to hypo-
baric hypoxia induced neurodegeneration appear to be multi-factorial and may in-
volve oxidative stress, neurotransmitter alterations, altered bioenergetics, altered 
neuromorphology and disturbed ionic homeostasis. Several studies have indicated 
towards the occurrence of glutamate excitotoxicity in hypoxic and ischemic stress 
(Won et al. 2002; Hemi et al. 2003). Hypoxia has been reported to cause robust 
calcium influx into neuronal cells through the NMDA receptors, thus mediating 
excitotoxic cell death (Khodorov et al. 1996; Hota et al. 2008). Calcium mediated 
free radical generation through activation of PhospholipaseA2 (PLA2), Xanthine 
Oxidase and Monoamine Oxidase by Calcium Calmodulin complex has also been 
reported in the hippocampus following hypoxic insult (Barhwal et al. 2009a). Expo-
sure to hypobaric hypoxia also results in alterations in cholinergic transmission and 
altered corticosterone that could contribute to the memory impairment (Hota et al. 
2009; Muthuraju et al. 2009).

12.4  The Aging Neuron

Aging has been classically considered as a process of slow deterioration of neuronal 
functions associated with degradation and altered recycling of long-lived proteins, 
macromolecular aggregates, and damaged intracellular organelles. Conversely, it is 
now evident that neuronal aging is a biological process tightly controlled by evo-
lutionary highly conserved signaling pathways. Importantly, genetic mutations that 
enhance longevity significantly delay the loss of synaptic connectivity and, there-
fore, the onset of age-related brain disorders (Bano et al. 2011). The molecular 
mechanisms pertaining to neuronal degeneration are similar to hypoxic cell death 
in several aspects and involve dysregulation in calcium homeostasis, altered mi-
tochondrial activity and cellular bioenergetics (Wang and Michaelis 2010) and al-
terations in cellular redox status such as increased generation of mitochondrial oxi-
dants, altered GSH status, and increased protein oxidation. Cholinergic neurons of 
the basal forebrain complex have been described to undergo moderate degenerative 
changes during aging, resulting in cholinergic hypofunction that has been related to 
the progressing memory deficits with aging (Schliebs and Arendt 2006). Morpho-
logically, both hypoxic insult and aging result in reduction of spine numbers and 
synaptic dysfunction (Hota et al. 2009; Bano et al. 2011). Aging however differs 
from hypoxic neurodegeneration on the basis of genetic determinants that serve as 
an internal trigger for cell death. Age-dependent accumulation of partially deleted 
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mitochondrial DNA and altered transcriptome activity and synthesis of mitochon-
drial proteins have been suggested to contribute to aging and the development of 
age-associated diseases (Fukui and Moraes 2009).

12.5  Oxidative Stress in Hypoxia and Aging

The biological process of aging is associated with impairment of cellular bioener-
getic function and increased oxidative stress (Escames et al. 2010; Floyd et al. 2002; 
Calabrese et al. 2001). The mitochondria is considered to be the most important 
cellular organelle to contribute to the aging process, mainly through respiratory 
chain dysfunction and formation of reactive oxygen species, leading to damage to 
mitochondrial proteins, lipids and mitochondrial DNA (Paradies et al. 2011; Cala-
brese et al. 2001). In addition to the changes in electron transport chain, ions like 
calcium and iron also play a key role in mediating free radical generation and oxida-
tive stress. Alteration of calcium homeostasis in the aging brain results in calcium 
ion sequestration into the mitochondria. This calcium overload perturbs the redox 
state of mitochondria and causes oxidative stress (Foster 2007; Toescu and Verkh-
ratsky 2007; Biessels and Gispen 1996). Several studies indicate that the sensitivity 
of mitochondria to Ca2 +-induced Permeability Transition Pore opening is greater 
in the aged compared to the young mature brain (Toman and Fiskum 2011). Post-
translational modifications of proteins due to oxidative and nitrative stress have also 
been associated to the aging brain (Grimm et al. 2011).

Oxidative stress and related biochemical factors that play a major role in ag-
ing and related neurodegenerative disorders also appear to influence the neuronal 
survival in hypoxia. Free radical generation and oxidative damage to bio-molecules 
have been invariably associated to hypoxic exposure. Studies conducted in both 
in vitro and in vivo models of hypoxia and ischemia show increase in lipid per-
oxidation and DNA damage (Hota et al. 2007; Barhwal et al. 2008). This is also 
associated with decrease in antioxidant enzyme activities and depletion of cellu-
lar antioxidants (Blum and Fridovich 1985). The oxidative stress in hypoxic brain 
is primarily attributed to glutamate excitotoxicity and deregulation of calcium ion 
homeostasis. Increased release of glutamate in the excitatory synapses along with 
upregulation of N-methyl-D-aspartate (NMDA) receptors results in robust influx 
of calcium into the cells (Hota et al. 2008). Increased expression of L type calcium 
channels during hypoxic exposure has also been reported to exert an additive cal-
cium overload in neuronal cells (Barhwal et al. 2009a). The calcium in turn acti-
vates several pro-oxidant enzymes viz., xanthine oxidases, monoamine oxidases, 
cytosolic phospholipase A2 and cyclooxygenase (COX-2) leading to generation of 
free radicals. Calcium also mediates leakage of electrons from the mitochondria and 
opening of the permeability transition pore (PTP) that triggers apoptosis.

Though the mechanisms pertaining to free radical generation and oxidative stress 
appear to be similar in both aging and hypoxia, a presumed difference between the 
two is that oxidative stress is considered to be a cause of aging but a consequence 
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of hypoxia. There has been a growing consensus regarding acceleration of aging 
due to lipid peroxidation and post translational modification of proteins. On the 
other hand, hypoxia has been portrayed as a trigger for oxidative stress that in turn 
causes neurodegeneration. However, with the recent reports on role of free radicals 
as signaling molecules and regulation of the expression of transcription factors and 
protein activity through oxidation and carboxylation, the notion on oxidative stress 
being a consequence needs to be redefined. This is evident from the fact that sub-
units of NMDA receptor that contribute to the calcium overload in neuronal cells 
during hypoxia are themselves regulated by a free radical mediated mechanism 
(Hota et al. 2010). Besides that, the fact that there is an increase in lipid peroxida-
tion, protein oxidation, DNA damage and accumulation of oxidized biomolecules 
in neurons exposed to hypoxia also raises a concern that hypoxic exposure could 
accelerate aging.

12.6  Nrf-2 Regulated Antioxidant Systems in Hypoxia 
and Aging

The fate of the neurons is dictated by an intricate balance between the oxidative 
stress and intracellular antioxidant systems in both hypoxia and aging. Overwhelm-
ing of the antioxidant defense systems by excess generation of free radicals acts as 
a trigger for the onset of aging and hypoxia mediated neurodegeneration. In recent 
years, it has been realized that peroxiredoxins may be the most important perox-
ide free radical removal systems (Rhee et al. 2005). They are a family of peroxi-
dases that reduce H2O2 and organic peroxides. They are homodimers and contain 
no prosthetic group: the redox reactions are dependent on cysteine at the active 
sites. Thioredoxin-1 (Trx-1) is one such peroxiredoxin which is a small 12 kDa 
multifunctional protein having a redox-active disulfide/dithiol within its active site 
sequence, -Cys-Gly-Pro-Cys- and operates together with NADPH and thioredoxin 
reductase as a protein disulfide-reducing system (Holmgren 1985). In addition to 
peroxiredoxins, various phase II detoxification enzymes and antioxidants work 
together to reduce damage caused by oxidative stress. Many reports indicate that 
phase II detoxification enzymes and antioxidant genes are regulated by an anti-
oxidant responsive element (ARE), which is located within the promoter regions 
of these genes (Huang et al. 2000; Lee et al. 2003). The ARE activity is regulated 
by an array of transcription factors including NF-E2-related factor2 (Nrf2). Nrf2, 
belonging to the basic leucine zipper family of proteins, is an important candidate 
involved in the transcriptional regulation of ARE motifs (Itoh et al. 1997). The 
genes regulated by ARE include glutathione-S-transferase (GST), NAD(P)H qui-
none oxidoreductase-1 (NQO1), Heme oxygenase-1 (HO-1), Glutamate-cysteine 
ligase (GCL), ferritin-L, metallothionin-1 and UDP-glucuronyl transferase (UGT) 
(Favreau and Pickett 1995).
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In unstressed cells, Nrf2 is sequestered in the cytosol by Keap1 which is crucial 
for targeting Nrf2 for ubiquitination and degradation. However, Nrf2 may also ex-
ist in the nucleus under homeostatic resting conditions for basal transcription of 
Nrf2 mediated genes. When cells are exposed to oxidative or electrophilic stress, 
Nrf2 appears to be liberated from the Keap1-Nrf2 complex and translocates into 
the nucleus (Nakaso et al. 2003; Kobayashi et al. 2006), thereby activating Nrf2 
dependent gene transcription. Thus, Keap1 negatively regulates Nrf2 stability by 
targeting Nrf2 for ubiquitination by Cul3 and subsequent degradation by the protea-
some pathway (Fig. 12.1).

Several antioxidant compounds like Acetyl-L-Carnitine provide neuroprotection 
in hypoxia by eliciting Nrf2 mediated transcription of ARE regulated antioxidant 
genes through a pERK mediated mechanism (Barhwal et al. 2009b). Acetyl-L-Car-
nitine has also been found to be effective in ameliorating aging related neuronal 
death. Nrf2 mediated improvement in D1 receptor function of renal neurons has 
also been reported in old rats subjected to exercise (Asghar et al. 2007). Similarly, 
phytochemicals like plumbagin significantly reduce the amount of brain damage 
and ameliorate associated neurological deficits in focal ischemic stroke by activat-
ing Nrf2/ARE pathway. In addition to augmenting the antioxidant status in neuronal 
cells, Nrf2 also regulates expression of xenobiotic detoxifying (phase II) enzymes 
(Zhang et al. 2012). Removal of the xenobiotic compounds, on the other hand, 
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Fig. 12.1  Schematic diagram depicting regulatory role of Nrf2 during normoxic and oxidative 
stress. Supplmentation of ALCAR during hypoxia, results in degradation of Cul3 through pERK 
mediated mechanisms resulting in stabilization of Nrf2. (Barhwal et al. 2009)
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slows the aging of neuronal cells. Hence drugs mediating Nrf-2 upregulation could 
be beneficial in delaying aging and ameliorating hypoxia related cognitive impair-
ments.

12.7  Mitochondrial Mechanisms of Neurodegeneration in 
Hypoxia and Aging

Both hypoxia and aging have been associated with cell death in several susceptible 
regions of the brain. Two distinct mechanisms of cell death have been characterized, 
i.e. apoptosis and necrosis (Kerr et al. 1972). Necrosis and apoptosis may occur 
either distinctly or simultaneously within a damaged region of the brain, and are 
related to the magnitude of the toxic stimuli. Acute insults such as hypoxia, stroke, 
trauma, and infection cause harsh, usually focal injuries to the central nervous sys-
tem. In general, such severe injuries to the brain result in rapid necrosis in the core 
regions, although in most cases apoptosis is also observed (Honig and Rosenberg 
2000).

Apoptosis is a tightly controlled cell death process involving definite enzyme 
cascades, which keeps the content of the dying cell intracellular. It is initiated by 
both physiological and pathological stimuli. On the contrary, necrosis refers to rela-
tively uncontrolled cell death and is generally correlated with injury (Sastry and Rao 
2005). The cell’s decision to die from necrosis or apoptosis is dictated at least in 
part by the abundance of intracellular energy stores. Whereas, apoptosis requires a 
minimal amount of intracellular ATP, necrosis is generally accompanied by its total 
depletion (Nicotera et al. 1998). Thus necrosis may be viewed as an accidental type 
of cell death. Necrosis is not genetically predetermined and normally occurs within 
a short period following a triggering insult (2–4 h). Necrosis has been invariably 
associated with immediate cell death following hypoxic or ischemic insult. Though 
it is not directly correlated to aging, necrotic cells can accelerate the aging process 
of neurons in their vicinity by causing neuroinflammation and oxidative stress.

Apoptosis, depending upon the origin of the activator molecule, is categorized 
into extrinsic and intrinsic pathways. In the extrinsic pathway (also known as “death 
receptor pathway”), apoptosis is triggered by an extracellular ligand-induced acti-
vation of death receptors at the cell surface. Such death receptors include the tumor 
necrosis factor (TNF) receptor-1, CD95/Fas (the receptor of CD95 L/FasL), as well 
as the TNF-related apoptosis inducing ligand (TRAIL) receptors-1 and -2. Several 
inflammatory cytokines belonging to the interlukin family also play a key role in 
mediating death receptor mediated apoptosis. Aging processes stimulate secretion 
of proinflammatory cytokines IL-1β and IL-18 that may contribute to age-related 
cognitive decline in the growing elderly population (Mawhinney et al. 2011). Be-
sides that, the beneficial or detrimental transcriptional response of the inflammatory 
mediator TNFα, that activates a signaling cascade involving NFκB translocation to 
the nucleus, is also governed by the age of the neurons (Patel and Brewer 2008).

K. B. Hota et al.



185

In the intrinsic pathway (also called “mitochondrial pathway”), apoptosis results 
from an intracellular cascade of events in which mitochondrial permeabilization 
plays a crucial role (Scaffidi et al. 1998). Activation of a specific class of prote-
ases, the caspases (“cysteine protease cleaving after Asp”), is required for the rapid 
and complete manifestation of apoptotic features. However, not all caspases are 
required for apoptosis and the process generally results from the activation of a 
limited subset of caspases, in particular, caspases-3, -6, and -7 (Fuentes-Prior and 
Salvesen 2004). These are the “executioner” caspases that mediate their effects by 
cleavage of specific substrates in the cell.

The release of pro-apoptotic factors occurs through the permeabilization of the 
mitochondrial membrane. The opening of the permeability transition pore causes 
swelling of the mitochondrial matrix, which results in mitochondrial uncoupling, 
rupturing of the mitochondrial outer membrane, and release of pro-apoptotic pro-
teins into the cytosol leading to apoptosis (Yang and Cortopassi 1998). Altered cal-
cium ion homeostasis resulting due to robust influx of extracellular calcium during 
hypoxic insult is known to play a key role in opening of the permeability transition 
pore. Aging and aging related neurodegenerative disorders have also been associ-
ated with calcium mediated toxicity and cellular apoptosis. The entry of calcium ion 
into the mitochondria occurs through an electrogenic uniporter, now known to be 
a channel, and is pumped out again by a Na +/Ca2 + antiporter (Gunter et al. 2000). 
The activity of the Na +/Ca2 + antiporter saturates as mitochondrial matrix calcium 
increases, whereas the uniporter acts as a channel and is thus not saturated with 
increasing extramitochondrial calcium concentration. Consequently, as the extrami-
tochondrial calcium concentration increases beyond a certain value, the mitochon-
dria can no longer regulate their matrix calcium concentration, and mitochondrial 
calcium overload ensues (Gunter et al. 2000). When the overload is accompanied 
by a combination of other factors, most notably oxidative stress, high phosphate 
concentrations and low adenine nucleotide concentrations, the mitochondria un-
dergo a permeability transition i.e. a pore opens in their inner membrane, known as 
the ‘mitochondrial permeability transition pore’ (MPTP), causing the membrane to 
become nonspecifically permeable to any molecule less than 1.5 kDa in size. This 
results in proton leak, and thus the mitochondria become uncoupled and are no lon-
ger able to maintain a pH gradient or membrane potential. As a result, mitochondria 
not only become incapable of ATP synthesis, but also now actively degrade ATP, 
as the proton-translocating ATPase reverses. Left unchecked, this inevitably leads 
to a loss of metabolic and ionic integrity of the cells, and ultimately to cell death 
(Halestrap 2004). Altered cellular bioenergetics in aging related neurodegeneration 
is attributed to the decreased activity of Complexes I, II and IV leading to chronic 
inflammation and triggering of apoptotic cell death pathways (Menardo et al. 2012). 
Hypoxic stress has also been associated with reduced Complex I and Complex IV 
activity. Interestingly, supplementation of Acetyl-L-Carnitine that is known to im-
prove mitochondrial biogenesis and ATP generation has been found to be beneficial 
in both hypoxia and aging.
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12.8  Role of Antioxidant Supplementation in Preventing 
Hypoxic Neurodegeneration

Antioxidant supplementation has been a widely accepted prophylactic strategy 
for both hypoxia and aging. Antioxidants like carnosine, melatonin and herbal 
extracts of gingko have been reported to reduce aging related changes in the brain. 
Antioxidants like N-Acetyl Cysteine and Acetyl-L-Carnitine, on the other hand, 
have been reported to ameliorate hypoxia induced neurodegeneration. Studies 
carried out by Barhwal et al. (2007) have shown improved working and reference 
memory of hypoxic rats supplemented with Acetyl-L-Carnitine. The nootrophic 
effect of Acetyl-L-Carnitine is due to its ability to augment NGF-TrkA mediated 
neurotrophin signaling mechanisms and stabilization of Nrf-2 through ERK me-
diated mechanisms. This probably explains the role of Acetyl-L-Carnitine as an 
antioxidant despite its inability to directly quench the free radicals. Besides that, 
Acetyl-L-Carnitine also mediates mitochondrial biogenesis resulting in buffering 
of calcium ions into nonfunctional mitochondria during hypoxic stress. Alpha 
lipoic acid and ascorbic acid supplementation also protect neurons from oxidative 
stress mediated cell death by directly quenching the free radicals. However, the 
efficacy of these antioxidants in delaying aging related cognitive impairment and 
prevention of age related neurodegenerative disorders remains to be conclusively 
proved for human population.

12.9  Implications of Hypoxic Research for Aging Related 
Cognitive Impairment

Though the causative factors for hypoxia and aging related cognitive impairment 
appear to differ distinctly, the down stream events resulting in compromised neu-
ronal activity during both these conditions are similar to a great extent. The patho-
physiology in both these conditions is invariably associated with oxidative stress, 
altered calcium ion homeostasis and mitochondrial dysfunction. Inflammatory 
responses and activation of microglia play a key role in both aging and hypoxic 
neuronal damage. At the molecular level, the hypoxia inducible factor (HIF) is the 
master regulator for hypoxia-induced gene expression. Recent studies displayed 
age-related changes in the HIF system that might explain reduced ability to cope 
with hypoxia in elderly. Conversely, oxidative damage to sub cellular components 
following hypoxic insult could accelerate aging and age associated neurodegenera-
tive disorders. Future research on the effect of hypoxia on genomic and proteomic 
changes in the neuronal cells and the effect of these changes on aging could surely 
help in identifying prophylactic and therapeutic targets for delaying aging and age 
related cognitive impairment.
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