EDITORIAL

Sleep Apnea: A Redox Edge with Aging?
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Commentary on Dalmases et al. Brain tissue hypoxia and oxidative stress induced by obstructive apneas is different in young and aged rats.
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Almost as inevitable as death and taxes, sleep deteriorates with
aging, and common sleep disorders increase in prevalence.
So the results of a study by Dalmases and colleagues' in this
issue of SLEEP come as a welcome surprise that there may be
some advantage to aging in the brain’s physiological responses
to obstructive apneas. Specifically, the researchers found that
older, relative to young adult, rats showed a greater increase
in anti-oxidant enzymes and evidenced less oxidative stress
in the brain in response to acute obstructive apneas.' An addi-
tional finding was that brain tissue oxygenation changed across
repeated apneas differentially for the two age groups. These
intriguing findings support the concepts that physiological
responses to obstructive sleep apnea can vary with age and
suggest that a given severity of obstructive sleep apnea may
not be as damaging in older as in younger subjects. To more
accurately interpret the findings and relate the work to clinical
obstructive sleep apnea, however, requires several consid-
erations, including whether the oxidative stress response is
actually detrimental; determining the significance of varied
brain oxygenation patterns across time; and whether similar
responses are anticipated in humans with sleep apnea.

Over the past two decades, a great deal of insight into the
mechanisms underlying sleep apnea neural injury has been
gained through study of animal models. With limited avail-
ability of animals with spontaneous obstructive sleep apnea,
compartmentalized models of physiological disturbances
observed in obstructive sleep apnea have been used to advance
mechanisms of injury. One of the models most extensively used
is intermittent hypoxia in mice and rats. Exposure to severe
(> 30 events/h), long-term (> 2 weeks) intermittent hypoxia
induces oxidative stress injury in the brain, neurobehavioral
impairments, and with longer exposure, loss of neurons.*’
Oxidative stress is essential for the intermittent hypoxia-
induced loss of neurons and cognitive impairments, while
transgenic models and pharmacological agents that minimize
the availability of reactive oxygen and nitrogen species prevent
neuronal injury.%®® Of note, models implementing mild inter-
mittent hypoxia for brief exposures have shown beneficial
effects on neuronal responses and on neural repair following
injury.'®"" Thus, oxidative stress is not always harmful. In fact,
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in the models of mild intermittent hypoxia, reactive oxygen
species are essential for both neuronal plasticity and repair.'-'
In the study reported by Dalmases et al.,' young rats exposed to
3 hours of obstructive apneas demonstrated a small increase in
oxidized glutathione and lipid peroxidation in frontal cortical
brain tissue samples. Both of these redox modifications are
reversible and can be involved in healthy signaling.'>!® Thus,
further studies are needed to examine neuronal injury in this
new model in young and older animals and to examine the
reversibility and roles of oxidative stress in the model. Longi-
tudinal or chronic studies would be helpful to delineate adap-
tive versus injurious or detrimental responses. If the oxidative
stress in young rats represents neuronal injury, then repeated
exposures should result in additive or synergistic injury. If this
is an adaptive response, less injury will be evident across time.
As obstructive sleep apnea is typically detected and managed as
a chronic condition, the long-term observations in this model
and the role of oxidative stress will be important to determine.

Arguably, the most striking age-dependent finding in the
report of Dalmases et al. is that the effect of time into apnea
induction on oxygen tension in the brain varies with age,
despite no age differential for arterial oxygenation.! The
authors propose that the increase in brain tissue oxygenation
in young rats across time may contribute to the higher oxida-
tive stress in young animals. But without modulating the brain
oxygen partial pressure, their hypothesis cannot be confirmed.
Similarly, mechanisms for the steady rise in brain oxygen
tension have not yet been delineated. This particular apnea
model induces complete apneas resulting not only in intermit-
tent hypoxia, but also in hypercapnia and hemodynamic swings.
The research team previously showed that acute intermittent
hypoxia alone does not progressively increase brain oxygen
tension in young adult rats.? Increased brain oxygen tensions,
relative to arterial oxygenation, can occur as a consequence
of increased blood flow within the cortex from hypercapnia,
greater hemodynamic changes, or reduced neural oxygen utili-
zation. The authors correctly point out that the vasodilatory
response to hypercapnia can diminish with aging, and this is
true not only in similarly aged rats, but also in humans.'”'®

The steady increase in brain oxygen tension with time
would suggest a linear increase in hypercapnia across time.
This can be easily examined in the model. Alternatively, age-
related changes in astrocyte responses to apneas could be at
play. Astrocytes regulate numerous homeostatic responses to
neuronal activity, and may also increase blood flow accord-
ingly."” Through adenosine signaling in response to hyper-
capnia, astrocytes can also modulate local blood flow.*® The
change in brain oxygen tension in this model has only been

Editorial—Veasey



observed for one hour as the effect of anesthesia may then wear
off. The group previously developed a similar chronic obstruc-
tive sleep apnea model?'; this model will be important to better
understand chronic oxygenation responses to obstructive sleep
apnea and the importance of the age-dependence in response.
Overall, it remains uncertain whether older age confers resis-
tance to apnea oxidative stress, or whether clinical studies will
find less vulnerability to neural damage from untreated sleep
apnea in older adults. These speculations seem unlikely since
sympathetic activity increases in response to oxidative stress
in sleep apnea,” yet the AHI predicts sympathetic activity
similarly in young and older adults.”® Most importantly, older
individuals can derive improved health outcomes for cardio-
vascular disease and mortality and for cognitive function when
treated with continuous positive airway pressure for sleep
apnea,*?’ suggesting that treating sleep apnea is important in
older individuals. There is an old Swedish proverb, “The after-
noon knows what the morning never suspected.” Wisdom, it
seems, may be the truest and perhaps the only advantage of

aging.

CITATION
Veasey S. Sleep apnea: a redox edge with aging? SLEEP
2014;37(7):1161-1162.

DISCLOSURE STATEMENT
Dr. Veasey has indicated no financial conflicts of interest.

REFERENCES

1. Dalmases M, Torres M, Marquez-Kisinousky L, et al. Brain tissue
hypoxia and oxidative stress induced by obstructive apneas is different in
young and aged rats. Sleep 2014;37:1249-56.

. Gozal D, Daniel JM, Dohanich GP. Behavioral and anatomical
correlates of chronic episodic hypoxia during sleep in the rat. J Neurosci
2001;21:2442-50.

3. Kheirandish L, Gozal D, Pequignot JM, Pequignot J, Row BW.
Intermittent hypoxia during development induces long-term alterations
in spatial working memory, monoamines, and dendritic branching in rat
frontal cortex. Pediatr Res 2005;58:594-9.

. Nair D, Zhang SX, Ramesh V, et al. Sleep fragmentation induces
cognitive deficits via nicotinamide adenine dinucleotide phosphate
oxidase-dependent pathways in mouse. Am J Respir Crit Care Med
2011;184:1305-12.

5. Veasey SC, Davis CW, Fenik P, et al. Long-term intermittent hypoxia in
mice: protracted hypersomnolence with oxidative injury to sleep-wake
brain regions. Sleep 2004;27:194-201.

. Zhan G, Serrano F, Fenik P, et al. NADPH oxidase mediates
hypersomnolence and brain oxidative injury in a murine model of sleep
apnea. Am J Respir Crit Care Med 2005;172:921-9.

7. Zhu Y, Fenik P, Zhan G, et al. Selective loss of catecholaminergic
wake active neurons in a murine sleep apnea model. J Neurosci
2007;27:10060-71.

8. Zhan G, Fenik P, Pratico D, Veasey SC. Inducible nitric oxide synthase in
long-term intermittent hypoxia: hypersomnolence and brain injury. Am J
Respir Crit Care Med 2005;171:1414-20.

SLEEP, Vol. 37, No. 7, 2014

1162

9.

10.

11.

20.

21.

22.

23.

24.

25.

26.

27.

Nair D, Dayyat EA, Zhang SX, Wang Y, Gozal D. Intermittent hypoxia-
induced cognitive deficits are mediated by NADPH oxidase activity in a
murine model of sleep apnea. PLoS One 2011;6:¢19847.

Bach KB, Mitchell GS. Hypoxia-induced long-term facilitation of
respiratory activity is serotonin dependent. Respir Physiol 1996;104:251-60.
Lovett-Barr MR, Satriotomo I, Muir GD, et al. Repetitive intermittent
hypoxia induces respiratory and somatic motor recovery after chronic
cervical spinal injury. J Neurosci 2012;32:3591-600.

. Kinkead R, Bach KB, Johnson SM, Hodgeman BA, Mitchell GS. Plasticity

in respiratory motor control: intermittent hypoxia and hypercapnia
activate opposing serotonergic and noradrenergic modulatory systems.
Comp Biochem Physiol A Mol Integr Physiol 2001;130:207-18.

. Ling L, Fuller DD, Bach KB, Kinkead R, Olson EB Jr., Mitchell GS.

Chronic intermittent hypoxia elicits serotonin-dependent plasticity in the
central neural control of breathing. J Neurosci 2001;21:5381-8.

. MacFarlane PM, Satriotomo I, Windelborn JA, Mitchell GS. NADPH

oxidase activity is necessary for acute intermittent hypoxia-induced
phrenic long-term facilitation. J Physiol 2009;587:1931-42.

. Serrano F, Klann E. Reactive oxygen species and synaptic plasticity in the

aging hippocampus. Ageing Res Rev 2004;3:431-43.

. Kamsler A, Segal M. Hydrogen peroxide modulation of synaptic plasticity.

J Neurosci 2003;23:269-76.

. Desjardins M, Berti R, Lefebvre J, Dubeau S, Lesage F. Aging-related

differences in cerebral capillary blood flow in anesthetized rats. Neurobiol
Aging 2014;35:1947-55.

. Fluck D, Beaudin AE, Steinback CD, et al. Effects of aging on the

association between cerebrovascular responses to visual stimulation,
hypercapnia and arterial stiffness. Front Physiol 2014;5:49.

. Martin ED, Fernandez M, Perea G, et al. Adenosine released by astrocytes

contributes to hypoxia-induced modulation of synaptic transmission. Glia
2007;55:36-45.

Mulkey DK, Wenker IC. Astrocyte chemoreceptors: mechanisms of H+
sensing by astrocytes in the retrotrapezoid nucleus and their possible
contribution to respiratory drive. Exp Physiol 2011;96:400-6.

Farre R, Nacher M, Serrano-Mollar A, et al. Rat model of chronic
recurrent airway obstructions to study the sleep apnea syndrome. Sleep
2007;30:930-3.

Somers VK, White DP, Amin R, et al. Sleep apnea and cardiovascular
disease: an American Heart Association/american College Of Cardiology
Foundation Scientific Statement from the American Heart Association
Council for High Blood Pressure Research Professional Education
Committee, Council on Clinical Cardiology, Stroke Council, and Council
On Cardiovascular Nursing. In collaboration with the National Heart,
Lung, and Blood Institute National Center on Sleep Disorders Research
(National Institutes of Health). Circulation 2008;118:1080-111.

Song MK, Ha JH, Ryu SH, Yu J, Park DH. The effect of aging and severity
of sleep apnea on heart rate variability indices in obstructive sleep apnea
syndrome. Psychiatry Investig 2012;9:65-72.

Martinez-Garcia MA, Campos-Rodriguez F, Catalan-Serra P, et al.
Cardiovascular mortality in obstructive sleep apnea in the elderly: role of
long-term continuous positive airway pressure treatment: a prospective
observational study. Am J Respir Crit Care Med 2012;186:909-16.
Neikrug AB, Liu L, Avanzino JA, et al. Continuous positive airway
pressure improves sleep and daytime sleepiness in patients with Parkinson
disease and sleep apnea. Sleep 2014;37:177-85.

Cooke JR, Ayalon L, Palmer BW, et al. Sustained use of CPAP slows
deterioration of cognition, sleep, and mood in patients with Alzheimer’s
disease and obstructive sleep apnea: a preliminary study. J Clin Sleep
Med 2009;5:305-9.

Cooke JR, Ancoli-Israel S, Liu L, et al. Continuous positive airway
pressure deepens sleep in patients with Alzheimer’s disease and
obstructive sleep apnea. Sleep Med 2009;10:1101-6.

Editorial—Veasey



