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My Brain is on a 24/7 Schedule
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The impact of a “24-7” schedule in our general physiology, as well as our cognitive capacities, is a growing
social concern. A disrupted circadian rhythm is inherent to many occupations in today’s society, namely airline
pilots and crew-members, military and law enforcement personnel, medical staff or any rotating shift worker. This
makes it a socially pervasive phenomenon, taking a toll on mental and general health. The comprehension of
these mechanisms has been delayed by the difficulty to dissociate the effect of sleep abnormalities from circadian
clock dysfunction and the lack of indisputable biological markers to define and diagnose a circadian disorder.

The Clock is Ticking

Circadian rhythms - physiological and behavioral cycles with a periodicity of approximately
24 h—are generated by an endogenous biological clock, the Suprachiasmatic Nucleus (SCN). Any
disruption of this system can negatively affect sleep quality, alertness, cognitive performance, motor
control, mental health and metabolism [1]. The hypothalamus functions as a central regulator of
metabolism and energy use, by coordinating the physiological responses of the entire organism
through hormonal signaling. Such hypothalamic regulation is now seen as a very strong candidate
to a role in cognitive decline during brain aging: the hypothalamus coordinates stress responses,
in part through the regulation of peripheral Glucocorticoid (GC) secretion [10]. GCs can be
sensed directly by another part of the brain, the hippocampus - crucial for learning and memory
- which then suppresses hypothalamic stimulation of further GC release in a negative feedback
loop. Excessive GC production associated with chronic or severe stress may impair hippocampal
neuronal function and predispose the organism to neurodegeneration [11], potentially disrupting
the regulatory circuit that connects the hippocampus and the hypothalamus. Release of cortisol
from the adrenal cortex is under tight regulation of this hypothalamic-pituitary-adrenal (HPA)
axis. Many of these functions become impaired in neurodegenerative disorders such as Alzheimer
disease (AD), Parkinson disease (PD) and Huntington disease (HD), in which several brain areas—
including the nuclei involved in circadian and sleep regulation—are affected by neurodegenerative
processes. It is not surprising, therefore, that these disorders often entail progressive breakdown of
the normal cycles of rest- activity, sleep and alertness; however, it remains to be clarified whether
disruption of circadian rhythms could also be involved in driving the disease process itself.

In humans, cognitive impairments associated with shift work call attention to the importance
of such synchronization [3]. The mechanisms underlying circadian rhythms involve circadian
oscillations in gene expression, in protein modifications and hormone secretion. Experiments in
model organisms in which single or multiple clock genes have been deleted or mutated have revealed
genes that are critically important for circadian rhythms in locomotion, behavior, physiology and
gene expression, such as Per2, Per3, DBP, Bmall, Nspas2, Nrdl and Nrd2 [1,4]. Current models
connect these circadian clock genes and their products in transcriptional-translational feedback
loops [5]. However, cognitive loss associated to aging is not entirely explained by disruption of the
circadian clock induced by mutations.

Although it is sometimes difficult to dissociate the effect of sleep abnormalities on cognition and
mood from circadian clock dysfunction, a growing body of evidence indicates that the involvement
of the circadian clock in the regulation of cognition and mood is far beyond the circadian control of
sleep and the rest-activity cycle.

An aging-related decline in spatial, declarative and other forms of memory is well documented
(our own data [6-8] and reviewed in [2]). Furthermore, changes in mood regulation, for example,
increased frequency of episodes of depression, mania and anxiety, are also observed with age [9]. In
many cases, the cognitive disruption may be secondary to compromised neural circuitry in the brain
regions regulating output rhythms. The current challenge is to establish whether circadian system
disturbances contribute to age-related memory loss [4,5], or whether they are merely symptomatic of
the disease process.

Novel Drugs to Restore Central Glucocorticoid Balance

It is now very clear that hippocampus plays a crucial role in regulating the HPA axis [14];
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and chronic exposure to glucocorticoids leads to cell death and
hippocampal atrophy [13,14]. Impaired cortisol levels are observed
in post-traumatic stress syndrome or major depression [25].
Increased glucocorticoid activity has also been associated with greater
hippocampal atrophy and memory impairment in the elderly [15].
This is probably consequence of dendritic retraction and hippocampal
dysfunction that we have shown to occur under these conditions [11].

We have recently revealed that age-related disorders are
associated to down regulation of Glucocorticoid Receptors (GR) in
the hippocampus, and consequent desensitization of the regulatory
feedback to the hypothalamus [11]. Accordingly, in a large study of
elder humans aged 50-70 years, elevated salivary levels of cortisol
were found to be correlated with poor cognitive function across a
broad range of domains including language, processing speed, eye-
hand coordination, executive function, verbal learning, and memory
and visual memory [16]. Also, higher cortisol levels have been
associated with more rapid AD disease progression [17], and systemic
administration of glucocorticoids or stress shown to potentiate
memory impairments, hippocampal damage, p-amyloid formation
and Tau accumulation in transgenic AD mice [18-20]. Furthermore,
primary hippocampal degeneration in individuals with AD may also
disrupt hippocampal-hypothalamic control of systemic physiological
functions [12].

We have been studying the interesting ability of novel adenosine-
based drugs to rescue age-like memory deficits and anxiety in rodents,
by re-establishing central Glucocorticoid Receptor (GR) levels,
hippocampal feedback and consequent control of systemic CORT
circadian levels [11,23]. However, proof of a direct link between GR
and age-related cognitive loss was lacking until very recently. This
gap was closed by different groups that independently reported that
reestablishing CORT oscillations on one hand; and blocking GR on
the other hand, rescued memory deficits in AD mouse models [21,22].

Taken together, these evidences strongly suggest that the circadian
dysfunction is a multifactorial condition associated to age-related
cognitive loss. However, rather than being only secondary to age-
related neurodegeneration, it is now becoming clear that it can itself
drive cognitive decline. In our view a more objective and systematic
approach to test this hypothesis is needed. This is now becoming
possible with the novel, minimally invasive and highly sensitive tools
at our disposal. Those in the field must strive to search for an objective
definition of human endophenotype for circadian disorders, to clearly
identify the circadian players in cognitive dysfunction and finally, to
validate these mechanisms in cognitive impaired patients with known
circadian disturbances. We believe that the possibility of establishing
the pattern of clock gene expression and hormone oscillations in
patients, the use of functional MRI to diagnose of hypothalamus-
hippocampus feedback control [24], and the novel and more reliable
ways of associating activity/sleep to cognitive performance will
definitely push the chronobiology forward.

By identifying circadian modulators with impact on cognition,
and developing new tools to monitor such impact, it will be possible
lay the ground for new strategies to ameliorate the effects of the 24-7°
schedule on modern societies, thereby promoting truly science-based
healthy aging strategies.
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