
Delayed moderate hyperoxia following global cerebral ischemia in rats does not exacerbate neuronal death in the hippocampus

Surgery and Post-Operative Care: Young adult male Sprague-Dawley rats were anesthetized and maintained on 1.5-3% isoflurane in 35-40% O2 on mechanical
ventilation. Global cerebral ischemia (GCI) was induced by rapid removal of blood via femoral catheter (~2% of body weight) and temporary bilateral carotid artery
occlusion; mean arterial pressure was maintained at 31-35 mmHg for 8 minutes after occlusion. “Resuscitation” was performed under 100% O2, releasing the
carotid artery clamps and return of shed blood over 5 minutes. During “transit,” FiO2 was changed to 50% for 30 minutes while closing the incisions and removing
the femoral catheter. For the “post-transit” phase, animals were extubated and placed in an oxygen chamber on either 50% (moderate hyperoxia) or 30%
(normoxia) O2 for 2 hours. Shams underwent the same procedures as normoxic animals, without blood removal or artery occlusion. See Figure 1 & Table 1.
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Table 1. Blood gas measurements (mean ± SE) prior to GCI and halfway through the transit phase. ***p< 0.0001 compared to sham.

Behavioral Assays: On 21 dpi, animals were habituated to an open field arena for 10 minutes, during which their time in the center quadrant and total distance traveled were measured to assess anxiety-like behavior and activity (Figure 3A,B). In the subsequent novel object location test (OLT)
‘training’ phase, rats were returned to the arena and allowed to explore two identical objects for 10 minutes. After a 20-minute delay, animals were placed back in the arena for the ‘testing’ phase and their spatial memory was evaluated by observing time spent exploring an object that had been
moved relative to a stationary object (Figure 3C,D). On 7 and 28 days post-injury (dpi), animals performed beam walk and Y-maze tasks to assess motor coordination and working memory, respectively. During Y-maze, the percent correct alternation was evaluated over a 5-minute period (Figure 4).
For beam walk, animals were trained pre-injury and the post-injury time to cross and foot slips were compared to baseline measurements (Figure 5).

Euthanasia and Histology: Rats were euthanized 30 days post-injury by transcardiac perfusion. Fixed brains were sectioned at 40µm for
immunohistochemical detection of the neuronal marker NeuN. Unbiased estimates of the total number of surviving neurons in CA1 were
obtained via optical fractionation with Stereo Investigator software of representative sections throughout the dorsal hippocampus (1:12)
by a treatment-blind histologist (Figure 6).

Figure 6. Representative photomicrographs (5x) of immunohistochemical
visualization of NeuN in the dorsal hippocampus CA1 in A) sham, B)
normoxic, and C) moderately hyperoxic rats euthanized on 30 days post-
injury. D) NeuN+ stereological cell counts per mm3 (mean ± SE) in CA1.
Asterisks (**) denotes significantly different from the sham group (p <
0.01).

Figure 3. Behavior (mean±SE) on 21 days post-injury. A) The total distance traveled. B) The amount of time spent in the center of the arena. C) The object location test
(OLT) preference index (percent of time spent exploring the [to be] moved object relative to total object exploration) during training and testing D) Diagram of the
Open Field and Object Location Test procedure.

Conclusions: Delayed (“in hospital”) moderate hyperoxia does not exacerbate hippocampal CA1 neuronal death
following global cerebral ischemia. Despite the dramatic cell death in CA1 following GCI, the behavior assays were
not able to detect impairments in hippocampus-dependent spatial memory tasks (Y-maze and Object Location). This
may be because the assays performed were not sensitive enough to detect deficits. Larger group sizes may provide
the necessary statistical power to distinguish group differences.
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D)

Treatment n BL pH BL CO2 (mmHg) BL O2 (mmHg) Transit pH Transit CO2 (mmHg) Transit O2  (mmHg) Mean MAP (mmHg)

Sham 8 7.4 ± 0.02 36.4 ± 1.4 89.2 ± 4.1 7.42 ± 0.02 41.3 ± 2.9 111.8 ± 26.4 99.1 ± 3.4
Normoxic 9 7.5 ± 0.01 37.0 ± 0.63 93.9 ± 9.2 7.40 ± 0.02 38.9 ± 1.7 105.8 ± 21.8 35.1 ± 1.3***

M. Hyperoxic 8 7.4 ± 0.01 37.6 ± 1.3 95.9 ± 12.7 7.36 ± 0.2 43.1 ± 1.9 99.1 ± 15.4 33.1 ± 0.8***

Figure 1. Experimental timelines.
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Figure 5. Beam walk mean ± SE of A) time to cross and B) number of foot slips at baseline (pre-surgery), 7, and 28 days post-injury (dpi). 
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A critical gap in our understanding of brain injury following a systemic ischemic event is how best to manage systemic oxygenation during the sub-acute, post-resuscitation period of critical care. Previous animal studies indicate that the use of 100% O2 (hyperoxia) during the first hour following
transient global cerebral ischemia (GCI) results in greater hippocampal neuronal death and inflammation than what occurs using a normoxic (30%) protocol. This study tested the hypothesis that resuscitation from GCI using delayed (“in hospital”) moderate hyperoxia does not cause an increase
in hippocampal neuronal death and cognitive impairment beyond what is observed when delayed normoxia is utilized.
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Figure 4. A) Y-Maze alternation schematic. B) Percent correct
alternation (mean±SE) over a 5-minute period on 7 and 28 days post-
injury (dpi).
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Figure 2. Body weight throughout the experiment.


