Structural and vascular changes in rats exposed to chronic intermittent hypoxia
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Target Audience: Researchers interested in chronic intermittent hypoxia or sleep apnea Figure 1. Basal blood flow measurements

Purpose: Sleep apnea is a sleep related disorder in which an individual stops breathing L Conrol (n=10)  ®CIH 14d (n=10)  ®CIH 28d (n=4)
. . . . . . . . . . O .

periodically throughout the night, resulting in intermittent brain hypoxia. Chronic sleep s

apnea could lead to long-lasting cardiovascular effects, including remodeling of
cerebrovascular tones."> We modeled the sleep apnea by using chronic intermittent
hypoxia (CIH) exposure in rats and used it to investigate the effects of CIH on basal
cerebral blood flow (CBF) and CBF fMRI of cerebrovascular reactivity in responses to
hypercapnic and hyperoxic challenges. Comparisons were also made with diffusion
measurements.
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Methods: Male Sprague Dawley rats (Charles River) exposed to chronic intermittent

hypoxia were housed in chambers connected to a custom-built automated system in which hippocampus  cingulate thalamus  whole brain
ambient levels of oxygen were controlled. Oxygen cycled between 21% and 10% ten

times an hour from 8:15am to 4:15pm, during the animals normal sleep time. Chambers Figure 2. CBF percent change from baseline in response
were maintained at 21% oxygen from 4:15pm to 8:15am. Animals were exposed to CIH to hypercapnic challenge

for either 14 days (n=9) or 28 days (n=4). Control (n=10) ®CIH 14d (n=9) ®28d CIH (n=4)
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Rats were intubated, and mechanically ventilated. Rectal temperature, oximetry and
heart rates were monitored and maintained within normal physiological ranges. MRI
experiments were performed under 1.2% isoflurane at 7T. Basal CBF, CBF changes due to
5% CO, or O, challenge and ADC/FA were measured using standard protocols.** 120%
Combined CBF and BOLD measurements were made using the continuous arterial spin 100%
labeling (cASL) Hypercapnic and O, challenges were 2 mins air, 3 mins 5% CO, or 100% 80:/“
O, in balance of air, followed by 5 mins of air. Cross correlation analysis was performed Zg;’
on the CBF data sets to obtain percent change activation maps. All data is presented as 200/:
mean + S.E.M. One-way ANOV A was used to compare groups with significance at -
p<0.05. Five ROI were generating including the hippocampus, cingulate, somatosensory hippocampus ~ cingulate thalamus  whole brain
cortex, thalamus, and whole brain. Figure 3: CBF percent change from baseline in response
to Oz challenge

CBF Response to CO2 Challenge

Results: Exposure to CIH reduced basal blood flow for all ROIs analyzed, although only

significantly when controls were compared to 28 day CIH in the somatosensory cortex 30%

(Fig. 1). Exposure to CIH did not affect the CBF response to hypercapnia significantly,

although a decreasing trend was observed in the hippocampus (Fig. 2). Exposure to CIH 20% I
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Control (n=10) ®CIH 14d (n=9) ™28d CIH (n=4)

did not significantly change the CBF response to an oxygen challenge in any brain region
(Fig. 3). CIH exposure had no significant change to ADC for all ROIs. For FA values (Fig.
4), there was a significant decrease in the somatosensory cortex (control vs. 14 day CIH,
control vs. 28 day CIH) and the thalamus (14 day CIH vs. 28 day CIH).

CBF Response to O2 Challenge

Discussion/Conclusion: Reduced basal blood flow seen in CIH exposed animals is

consistent with studies on patients with sleep apnea.® CIH did not affect CBF responses 20% )
to hypercapnia significantly, consistent with findings in patients with sleep apnea.’ PROSHIRE S g (halamus - whole brain
However, some studies suggest that cerebral vasoreactivity may be impaired in sleep Figure 4: Fractional anisotropy values

apnea patients due to endothelial dysfunction.®. This may explain our downward trend of Control (n=10) * 14 CIH (n=9) ®28d CIH (n=4)

CBF response in the hippocampus. Decreased FA values have been found in sleep apnea 030

patients in multiple regions including the cingulate cortex, anterior corpus callosum, and
frontal cortex consistent with our findings of decreased FA values in the somatosensory
cortex and the thalamus.” We concluded that 14-day or 28-day of CIH exposure resulted in
some structural and cerebrovascular changes, consistent with results found in patients with
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