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Abstract

Background and Purpose—Transient ischemic attacks have long been regarded as a risk factor
for the incidence of stroke but may reduce the severity of stroke by inducing ischemic tolerance. The
present objective was to develop an ischemic preconditioning (IPC) model of delayed tolerance in
the mouse based on repetitive, transient middle cerebral artery occlusion (MCAO).

Methods—Mice anesthetized with halothane or isoflurane underwent IPC, which consisted of
repetitive MCAO at 45-minute intervals by the intraluminal filament technique. A 90-minute test
MCAO was performed 24 to 96 hours later.

Results—Using an IPC of 2 5-minute MCAO episodes, the reduction in infarct volume from the
test MCAO was maximal with a 72-hour delay in striatum (70%) and cerebral cortex (64%) when
halothane was used for surgical anesthesia. With isoflurane anesthesia, the reduction in infarct
volume was less prominent in striatum (34%) and not significant in cortex (9%) despite similar levels
of arterial pressure and decreases in cortical perfusion. Neuronal cell death was rare 6 days after this
IPC stimulus alone with halothane or isoflurane. Increasing the severity of IPC to 3 5-minute bouts
or 1 15-minute bout of MCAO in the presence of isoflurane anesthesia augmented the reduction in
infarct volume in striatum and cortex, but it also augmented selective neuronal cell death in striatum
after the IPC stimulus alone.

Conclusions—These data demonstrate that a repetitive focal IPC stimulus can be titrated to induce
delayed tolerance in both striatum and cortex of the mouse without inducing neuronal death by itself.

Keywords

anesthesia; ischemic preconditioning; ischemic tolerance; middle cerebral artery; transient ischemic
attack

Ischemic preconditioning (IPC) confers delayed tolerance over a period of a few days.1
Understanding which proteins are upregulated or downregulated during delayed tolerance can
provide insight into the mechanisms of ischemic injury and provide therapeutic targets.2 Also,
IPC may be of clinical relevance for transient ischemic attacks (TI1As). Although TIAs may be
associated with increased risk of a subsequent stroke, a TIA occurring before a stroke could
render delayed tolerance.3:4 Short episodes of IPC stimuli may mimic some of the
characteristics of clinical TIA and lead to delayed tolerance.
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Animal models of IPC often use global conditioning stimuli, such as systemic hypoxia or
common carotid artery occlusion, followed by a focal ischemic test.2:° Limited work has been
done with focal IPC localized to the same region as the subsequent ischemic stroke.” Inrat, a
focal model of repetitive IPC in which the middle cerebral artery (MCA) was occluded for 3
10-minute bouts with 45-minute reperfusion intervals was found to produce delayed tolerance
to 100 to 120 minutes of MCA occlusion (MCAOQ) 72 hours later.8:9 Because of the availability
of genetically altered mouse strains, models of focal IPC in the mouse are useful. For example,
rapid tolerance dependent on nitric oxide has been described in the mouse using 3 5-minute
periods of MCAO 30 minutes before permanent MCAO.10.11 Moreover, the delayed genomic
response to IPC induced 72 hours after a single 15-minute period of MCAO has been described
in the mouse.? Although it is usually stated that the conditioning stimulus is sublethal, brief
periods of focal ischemia can produce delayed neuronal death.12:13 Indeed, 3 10-minute bouts
of MCAQO in the rat or 3 5-minute bouts of MCAO in the mouse has been reported to produce
delayed death of striatal neurons. 910 The purpose of the present study was to develop a model
of delayed tolerance in the mouse using a repetitive focal ischemic conditioning stimulus that
by itself did not produce neuronal injury. Volatile anesthetics were used during the conditioning
and test stimuli to permit rapid recovery after anesthesia and restoration of cardiovascular
regulation. Because 3- to 4-hour exposure to halothane or isoflurane without ischemia can
provide tolerance to focal cerebral ischemia induced 1 day later, 1415 poth halothane and
isoflurane anesthesia were evaluated as anesthetics during induction of IPC and compared with
groups preconditioned with anesthesia alone or anesthesia plus sham surgery.

Materials and Methods

All experiments were conducted in accordance with the guidelines of the National Institutes
of Health for the care and use of animals in research and were approved by the institutional
animal care and use committee. Anesthesia was induced in =200 male C57BL/6 mice (20 to
28 g; 8to 10 weeks old; Charles River Laboratories; Wilmington, Del) with either 5% halothane
or 5% isoflurane. When unconscious, the anesthetic was administered at a nominal
concentration of 2% in 25% to 30% O, via face mask with spontaneous ventilation for a brief
period during incision of the skin and isolation of the carotid artery. Anesthesia was then
maintained with a nominal inspired concentration of either 1% halothane or 1.2% isoflurane
for the remainder of the procedure. The concentration was increased if spontaneous movement
occurred or ventilatory frequency increased. The duration of anesthesia was the same for groups
exposed to halothane or isoflurane. Rectal temperature was maintained at <37°C during the
surgery. The intraluminal filament model of MCAO was used for both the conditioning and
test ischemia. A laser-Doppler flow (LDF) probe was secured on the skull over the lateral
parietal cortex for monitoring perfusion in the ischemic cortical core. The right common carotid
artery (CCA) was exposed through a 15-mm submandibular midline incision. The external
carotid artery (ECA) was carefully separated from the adjacent vagus nerve and muscle to
prepare a site for coagulation and division located 3 to 5 mm distal to the CCA bifurcation.
The proximal end of the CCA was temporarily ligated using a 6-0 suture. A 7-0 nylon
monofilament with a silicone-coated tip was inserted from the distal end of the isolated ECA,
gently introduced into the internal carotid artery (ICA), and advanced approximately 6 to 8
mm past the CCA bifurcation to the origin of the MCA. Adequacy of MCAO was confirmed
by LDF monitoring. Reperfusion of the MCA was achieved by withdrawal of the filament into
the stump of the ECA and release of the CCA ligature. The neck incision was closed with
suture, and anesthesia was discontinued.

Preconditioning MCAO

Preconditioning stimuli included (1) a single 15-minute period, (2) 3 periods of 5-minute
duration, or (3) 2 periods of 5-minute duration (Figure 1). The interval of reperfusion between
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repetitive MCAOs was 45 minutes, as has been used in the rat.8:9 The mice remained
anesthetized during the reperfusion periods between bouts of MCAO. In surgical sham
preconditioning groups, mice underwent the same duration of anesthesia and the same surgical
procedures that were performed in the IPC groups, with the exception that the intraluminal
filament was not advanced to the origin of the MCA. In anesthesia-preconditioned groups,
mice were exposed to the same anesthetic concentrations for the same duration (total of 90
minutes) used in the IPC experiments (but without undergoing surgery) 3 days before the test
MCAO.

Under the same anesthetic that was used for preconditioning, the neck incision was reopened
1to 4 days later, the CCA was ligated, and the suture was reintroduced into the ICA from the
previous ECA arteriotomy by loosening the silk suture. The filament was advanced to the origin
of the MCA to produce 90 minutes of MCAO. After the decrease in LDF was monitored for
10 minutes, the incision was closed, anesthesia was discontinued, and neurologic deficit was
assessed. To establish reperfusion, the mouse was briefly anesthetized, the monofilament was
withdrawn, and the CCA ligature was removed. In addition to preconditioning groups, naive
groups underwent the 90-minute test MCAO only (without prior surgery or anesthesia).
Neurologic deficits were scored 3 days after the test MCAO on a 0 to 4 scale.

Analysis of Injury

Because a reduction in infarct volume seen at 1 day after the test MCAO may not be sustained
at3 days,9 infarct volume was evaluated 3 days after the test MCAO by standard volumetric
analysis of anterior and posterior views of 5 coronal slabs stained with triphenyltetrazolium
chloride (TTC), with correction for swelling.

Injury from IPC alone was evaluated 6 days after the conditioning stimulus in separate cohorts
by TTC staining, hematoxylin and eosin (H&E) staining, or terminal transferase-mediated
biotin-dUTP nick-end labeling (TUNEL) staining. The 6-day period was chosen to correspond
to a 3-day interval between the conditioning and test stimuli plus the 3-day interval for
reperfusion after the test MCAO. Paraffin-embedded coronal sections (8 um), fixed with
paraformaldehyde and stained with H&E, were observed under oil immersion microscopy for
eosinophilic cytoplasm and shrunken, pyknotic nuclei. For quantification of cells undergoing
cell death in additional cohorts, deparaffinized sections were TUNEL stained using
diaminobenzidine as a chromogen. Positive cell counts were measured in 5 microscopic fields
at 200 power in both lateral frontoparietal cortex and striatum on 3 coronal sections (bregma
1.7 mm, 0.7 mm and to 1.3 mm) by an observer who was not aware of the treatment group. At
this power, most of the structures of interest were covered by the 5 fields.

Statistical Analysis

Results

Statistical analysis used analysis of variance. Post hoc comparisons with the respective sham
groups were made by applying the false discovery rate procedure for multiple t tests.16
Differences of P<0.05 were considered to be significant. All data are presented as mean+SEM.

Outcome With Conditioning MCAO Only

Different preconditioning paradigms were screened with TTC staining (n=6 per group) to
determine whether IPC alone caused injury. Mice subjected to a single episode of 15 minutes
of MCAO and recovered for 6 days showed pale staining with TTC in ipsilateral striatum
compared with contralateral striatum when either halothane or isoflurane (Figure 2A)
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anesthesia was used. Staining was bilaterally symmetric in the cerebral cortex. Preliminary
experiments with 3 bouts of MCAO of 10-minute duration under halothane also produced pale
TTC staining in ipsilateral striatum (not shown). When the duration of the 3 bouts of MCAO
was reduced to 5 minutes, striatal infarcts were not observed, but the staining remained lighter
on the ipsilateral side with either halothane or isoflurane anesthesia (Figure 2B). In contrast,
differences between ipsilateral and contralateral TTC staining could not be detected by visual
inspection 6 days after 2 bouts of 5 minutes of MCAQ with either halothane or isoflurane
anesthesia (Figure 2C). To verify the results of TTC staining, analysis of H&E-stained sections
was performed (n=3 per group). At 6 days after 1 bout of 15 minutes of MCAO (Figure 2D)
or 3 bouts of 5 minutes of MCAO (Figure 3E), eosinophilic cells with pyknotic nuclei were
present in striatum. In lateral cerebral cortex, neurons with dark eosinophilic staining but
normal-sized nuclei were occasionally observed, but neurons with shrunken cytoplasm and
pyknatic nuclei were scarce. After 2 bouts of 5-minute MCAO, normal cytomorphologic
staining of neurons was observed with normal-sized nuclei in both striatum (Figure 2F) and
cortex. Cells with positive TUNEL staining were evident in striatum 6 days after 1 bout of 15
minutes of MCAO (Figure 2G) or 3 bouts of 5 minutes of MCAO (Figure 2H) but were rare
after 2 bouts of 5 minutes of MCAO (Figure 2I). In cerebral cortex, few neurons were TUNEL-
positive with any of the preconditioning (Figure 2J). TUNEL staining did not differ between
halothane and isoflurane groups (Figure 2J). Therefore, 2 episodes of 5 minutes of MCAO
were selected as the preconditioning stimulus in subsequent experiments.

Effect of Interval Between Conditioning and Test MCAO

Overall mortality was 8.8% from the IPC surgical procedure and 6.9% from the test MCAO.
Infarct volume measured 3 days after 90 minutes of MCAO in mice that underwent sham
preconditioning surgery (n=9 halothane; n=10 isoflurane) was similar to naive mice (n=6)
without prior surgery when either halothane (Figure 3A) or isoflurane (Figure 3C) anesthesia
was used. With 2 episodes of 5 minutes of MCAO performed under halothane anesthesia as
the IPC stimulus, infarct volume in striatum was significantly decreased from the sham surgical
group when the interval between the conditioning and test MCAO was 1 (n=6), 2 (n=7), 3
(n=10), or 4 (n=7) days (Figure 3A). The minimum striatal infarct was seen with a 3-day
interval. In cerebral cortex and the entire hemisphere, infarct volume was significantly
decreased only in the 3-day-interval group.

Preconditioning with halothane alone (n=11) 3 days before the test MCAO reduced infarct
volume in striatum compared with surgical sham and naive groups, but infarct volume remained
significantly greater than that seen in the 3-day-interval IPC group. Preconditioning with
halothane alone did not produce a statistically significant effect on cortical or hemispheric
infarcts.

With 2 episodes of 5 minutes of MCAO performed under isoflurane anesthesia, infarct volume
in striatum was significantly decreased when the interval between the conditioning and test
MCAO was 3 days (n=6) but not when the interval was 2 (n=6) or 4 (n=6) days (Figure 3C).
However, no significant reduction in infarct volume was seen in cerebral cortex or the entire
hemisphere. Preconditioning with isoflurane alone (n=11) had no effect.

The neurologic deficit score at 3 days after the test MCAO was significantly improved in the
IPC halothane group with a 3-day interval between the IPC and test MCAO, but not in the
remaining groups (Figure 3B).

Physiological Effects of IPC

During the first and second MCAO conditioning episodes, LDF over the lateral cortex
decreased to approximately 20% of baseline in each of the groups with different intervals

Stroke. Author manuscript; available in PMC 2009 March 1.



1duasnuey Joyiny vVd-HIN 1duasnue Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Zhang et al.

Page 5

between the conditioning and test stimuli (Figure 4). The decrease in LDF at 5 and 10 minutes
of the test MCAO was not different from that of the sham preconditioning group. Moreover,
the decreases in LDF were similar under halothane and isoflurane anesthesia.

To determine whether the enhanced tolerance seen under halothane anesthesia could have been
attributed to a lower arterial pressure leading to a more severe IPC stimulus, arterial pressure
and blood gases were monitored in separate cohorts during 2 bouts of 5 minutes of MCAO.
Mean arterial blood pressure, blood gases, pH, hemoglobin concentration, and glucose
concentration were not different between halothane (n=6) and isoflurane (n=6) groups at
baseline or after the second occlusion (Table). Changes in LDF during MCAO and reperfusion
were also similar between anesthetic groups.

Comparison With Other IPC Stimuli

Because the 2 bouts of 5 minutes of MCAO produced only moderate tolerance when isoflurane
was used, comparisons were made with more severe IPC stimuli to determine whether greater
tolerance was feasible using MCAO as a conditioning stimulus in the presence of isoflurane.
With 2 bouts of 5 minutes of MCAO (n=8), results were similar to the previous cohort with
isoflurane anesthesia; infarct volume was reduced in striatum but not in cortex compared with
a surgical sham group (n=8). Increasing the IPC to 3 bouts of 5 minutes of MCAO (n=6)
produced significant reductions in infarct volume in the striatum and entire hemisphere, a
marginal reduction in cortex (P<0.06), and improved deficit scores (Figure 5). To test the effect
of a single bout of 15 minutes of MCAO, a separate surgical sham group (n=6) was performed
because this procedure required a shorter duration of anesthesia. Infarct volumes were similar
in the 2 sham groups. A single bout of 15 minutes of MCAO as an IPC stimulus (n=6) produced
substantial reduction in infarct volume in striatum, a moderate reduction in cortex, and
improved deficit scores (Figure 5).

Discussion

Time Delay

The major finding of this study is that repetitive focal ischemic preconditioning stimuli can be
titrated in the mouse to produce delayed ischemic tolerance without producing neuronal injury
by itself. Two occlusions of the MCA for 5-minute durations were sufficient to reduce infarct
size from a subsequent occlusion of the MCA for 90-minute duration. Tolerance was maximal
with a 3-day interval between the preconditioning and test stimuli and was prominent in highly
vulnerable striatum. Unexpectedly, protection was greater with the use of halothane than with
isoflurane during each surgical procedure.

Rapid tolerance to focal cerebral ischemia has been demonstrated with 3 5-minute bouts of
focal cerebral ischemia as a conditioning stimulus in the mouse.10:11 With 3 1-minute periods
of bilateral carotid occlusion in the mouse, delayed tolerance to subsequent MCAO for 20
minutes was present with a 1-day delay and lost with a 3-day delay.5 In the present model with
2 5-minute periods of MCAO, delayed tolerance to subsequent MCAO for 90 minutes was
maximal with a 3-day delay and diminished with a 4-day delay. Others using a single period
of 15 minutes of MCAO in the mouse or 3 10-minute periods of MCAOQ in the rat8 also found
tolerance to subsequent MCAOQ after a 3-day delay, and the tolerance induced by 3 10-minute
periods of MCAO or 3 3-minute periods of MCAOQ in the rat was also maximal at 3 days.gl
17 Bilateral carotid occlusion was reported to decrease LDF to approximately 10% of baseline,
5 whereas LDF decreased to approximately 20% of baseline in the ischemic core in our model.
Most likely, the delay in altered protein expression responsible for tolerance depends on the
severity of the conditioning stimulus and regional location of the stimulus.
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Regional Tolerance

Studies of IPC have often not separately quantified striatal and cortical tolerance to subsequent
MCAO, although tolerance in cortex has been reported to be more prominent than in striatum.
2,9 Because MCAO is generally thought to produce more severe ischemia in striatum,9 less
protection in striatum by IPC may be attributed to the greater ischemic insult during the test
MCAO. However, tolerance to 90 minutes of MCAO in the present study was found to be
robust in striatum with each of the conditioning stimuli, including 2 or 3 bouts of 5 minutes of
MCAO or asingle bout of 15 minutes of MCAO. Robust striatal protection to 2 hours of MCAO
was also found in the rat with an IPC of 3 10-minute bouts of MCAO.8 Thus, IPC can induce
tolerance in the striatum to subsequent transient MCAO that would normally injure 80% of
striatum. However, longer durations of the test MCAQ were not evaluated to determine when
tolerance might be lost. Another limitation is that infarction may expand beyond the 3-day
assessment timepoint selectively in IPC groups.

In cerebral cortex, infarct volume was reduced by as much as 64% with 2 5-minute bouts of
MCAO under halothane anesthesia and a 3-day delay. This reduction in cortical infarct volume
was comparable to the 70% reduction seen in striatum. However, cortex was not significantly
protected by 2 5-minute bouts of MCAO under isoflurane anesthesia. Increasing the severity
of IPC under isoflurane anesthesia produced marginal cortical protection with 3 5-minute bouts
and significant cortical protection with 1 15-minute bout. The ability to induce tolerance in a
specific region likely depends on using a conditioning stimulus that maintains a balance
between being sufficiently severe to induce a specific pattern of proteins and not inducing cell
death by itself. The severity of ischemia during the various IPC challenges may have been
greater in striatum than in cortex and may have consequently led to a greater alteration of
protein expression.

Effect of Anesthetics

The tolerance evoked by 2 bouts of 5 minutes of MCAO was greater when halothane was used
during the IPC and test MCAO than when isoflurane was used. We considered the possibility
that halothane may have generated a more severe IPC insult by producing greater hypotension
than isoflurane. However, measurement of arterial blood pressure and blood gases in separate
nonsurvival cohorts of mice did not reveal any significant differences between the two
anesthetics. The percent decrease in cortical LDF was also equivalent with the 2 anesthetics
during each IPC occlusion and during the test occlusion. Therefore, the present findings do not
indicate a difference in the severity of the IPC insult. In spontaneously hypertensive rats, part
of the IPC-induced tolerance has been attributed to improvement in blood flow over a period
of several hours of permanent MCAO.18 In the present model with transient MCAQO, the
decrease in LDF over lateral cortex in the ischemic core during the test MCAO was similar to
that during each IPC occlusion. Although improved blood flow distribution in penumbra by
IPC cannot be excluded, differences in intraischemic regional blood flow determined by
autoradiography could not be detected during acute occlusion in rats previously conditioned
with 3 10-minute bouts of MCAQ.8:

Exposure to volatile anesthetics without surgery can produce a form of chemical
preconditioning. For example, exposure of rats to isoflurane for 3 hours produced tolerance to
permanent MCAO induced within 24 hours.14 Furthermore, exposure of male mice, but not
female mice, to isoflurane for 4 hours produced tolerance to 2 hours of transient MCAQ 24
hours later.1® In the present study on male mice, preconditioning with isoflurane alone or with
sham surgery had no effect on infarct volume compared with the naive group with no anesthetic
or surgical preconditioning. The 90-minute isoflurane exposure required for performing the 2
5-minute bouts for IPC may not have been sufficient to alter gene induction. In addition,
preconditioning from isoflurane exposure was reported to be diminished after a 48-hour delay.
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14 The anesthetic preconditioning effect with isoflurane may have been lost by the 72-hour
delay used in the present study. In the case of preconditioning with halothane alone, infarct
volume was reduced in striatum, but only a nonsignificant trend was seen in cortex. Apparently,
the 90-minute duration was closer to the threshold necessary for altering gene induction with
halothane than with isoflurane, or the gene alteration persists for a longer duration.
Interestingly, the preconditioning effect of halothane on striatal infarction was lost in those
mice undergoing sham surgery, thereby suggesting that the endocrine response associated with
surgical stress or local release of inflammatory cytokines mitigates the protective effect of
anesthetic preconditioning. Thus, in analyzing the genomic response to IPC, the genetic
temporal profile induced by anesthetics and surgical stress must be considered. Nevertheless,
IPC still had a greater effect than the corresponding halothane or isoflurane preconditioning.
Because halothane is no longer manufactured or used clinically in the United States, the ability
to use halothane during IPC may become limited, at least in this country.

Brief, repetitive bouts of global ischemia in gerbils can produce a cumulative effect on brain
injury.1 Focal tolerance may be limited if the IPC insult itself induces cell death. Indeed,
substantial pallor in TTC-stained striatum occurred after 3 10-minute bouts of MCAO. Others
have reported neuronal cell death in striatum after 3 5-minute bouts of MCAO in the
mousel0 and after 3 10-minute bouts in the rat.? At 6 days after IPC, selective striatal cell
death was evident in the present study with TTC staining, H&E histology, and TUNEL staining
when 3 5-minute bouts or 1 15-minute bout of MCAO were used but was absent with 2 5-
minute bouts. Therefore, it is possible to elicit protection in striatum with an IPC stimulus that,
by itself, either produces moderate selective cell death or produces no detectable cell death.
However, analyzing the pattern of increased and decreased gene expression in a region where
selective neurons are destined to die by the IPC alone would confound interpretation of the
results. In contrast to striatum, cortical neurons did not display pyknotic nuclei and TUNEL
staining was sparse after 3 5-minute bouts or 1 15-minute bout of MCAO. Presumably, sparse
cell death would have a minor effect on IPC analysis of gene expression on tissue sampled
exclusively from cortex as used by others.2

In summary, the present study demonstrates that brief repetitive focal ischemia can be used as
apreconditioning stimulus in the mouse for inducing tolerance to severe transient focal cerebral
ischemia 72 hours later in cortex and striatum. Two episodes of only 5-minute duration, which
by themselves did not cause significant cell death in either region, were effective in producing
tolerance. Unexpectedly, tolerance was greater when halothane was used for surgical
anesthesia. Although tolerance could be augmented by increasing the IPC severity under
isoflurane anesthesia, selective neuronal injury in striatum produced by the more severe IPC
stimuli alone limits their use to cerebral cortex for investigation of mechanisms of tolerance
produced by TIA.
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Schematic diagram of timing for different ischemic preconditioning (IPC) protocols and test

middle cerebral artery occlusion (MCAOQ).
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Figure 2.

Brain slices stained with triphenyltetrazolium chloride 6 days after 1 15-minute period (A) and
3 5-minute periods (B) of middle cerebral artery occlusion (MCAOQ) show lighter staining in
striatum on ischemic side (right) compared with nonischemic side (left), but no asymmetry in
staining was observed after two 5-minute periods of MCAO (C). Striatal sections stained with
hematoxylin-eosin show some eosinophilic cells with shrunken, pyknotic nuclei (arrows) 6
days after 1 15-minute period of MCAO (D) or 3 5-minute periods of MCAO (E) but intact
neurons after 2 5-minute periods of MCAO (F; scale bar=10 um). Striatal sections stained for
TUNEL (brown) and cresyl violet show TUNEL-positive cells 6 days after 1 15-minute period
of MCAO (G) or 3 5-minute periods of MCAO (H), but not after 2 5-minute periods of MCAO
(1; scale bar=40 m). All examples in A to | were from isoflurane groups. Similar results were
seen in halothane groups. J, Mean+SEM of TUNEL-positive cell density (n=4 in halothane
IPC 2X5 minutes and IPC 3X5 minutes; n=3 in other groups) in striatum and cortex (note scale
difference). P<0.05 from IPC 2x5 minutes for isoflurane (*) or halothane (#).
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Figure 3.
Infarct volume (£SEM) in striatum, cortex, and hemisphere in groups with halothane (A) and
isoflurane (C) anesthesia and neurologic deficit scores in groups with halothane (B) and
isoflurane (D) anesthesia. Measurements were made 3 days after 90 minutes of MCAQ in
groups with no prior surgery (naive), prior anesthesia alone, sham surgery, or IPC, consisting
of 2 5-minute periods of MCAO conducted at either 24, 48, 72, or 96 hours before the test
MCAO. *P<0.05 from sham surgical group, +P<0.05 from anesthetic preconditioning group.
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Figure 4.

Laser-Doppler flow (+SEM) measured as a percent of baseline over lateral cortex in groups
with halothane (A, B) and isoflurane (C, D) anesthesia. Panels A and C show measurements
made during the first and second 5-minute MCAO of the IPC stimulus or equivalent times in
sham groups. Panels C and D show measurements made at 5 and 10 minutes of the test MCAO
conducted in mice with no prior surgery (naive), prior anesthesia alone, sham surgery, or IPC

at either 24, 48, 72, or 96 hours before the test MCAO.

Stroke. Author manuscript; available in PMC 2009 March 1.



1duasnuey Joyiny vVd-HIN 1duasnue Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Zhang et al.

A 100 -

B o2} o]
o o o

N
o

Infarct Volume (% of structure)

Page 13

v
SN
J

Striatum Cortex Hemisphere

Neurologic Deficit Score
N
*

Figure 5.

Infarct volume (A) in striatum, cortex, and hemisphere and neurologic deficit score (B) 3 days
after 90 minutes of MCAO in groups with IPC consisting of 2 or 3 5-minute periods of MCAO
or 1 15-minute period of MCAO conducted 72 hours before the test MCAO. Separate sham
groups were conducted for the repetitive IPC and single IPC groups because of different
anesthetic durations. Isoflurane anesthesia was used for all groups. *P<0.05 from respective
sham group.
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Avrterial Blood Analysis and Temperature During Baseline and 5-Minute Middle Cerebral Artery Occlusion in Mice Anesthetized
With Halothane or Isoflurane
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Halothane Isoflurane

Laser-Doppler flow, % of baseline

First occlusion 2243 2142

First reperfusion 108+7 102+5

Second occlusion 20+3 20+2

Second reperfusion 10745 1006
Mean arterial pressure, mm Hg

Baseline 7715 78+1.6

Second reperfusion 78+1.1 78+1.2
PaCO,, mm Hg

Baseline 41.8+1.1 38.8+1.8

Second reperfusion 45.0+1.6 43.2+1.8
PaO,, mm Hg

Baseline 139+5 134+4

Second reperfusion 13746 125+2
pH

Baseline 7.33+£0.01 7.38+0.02

Second reperfusion 7.30£0.01 7.32+0.03
Glucose, mg/dL

Baseline 131+4 127+6

Second reperfusion 13345 12347
Hemoglobin, g/dL

Baseline 13.6+0.6 13.2+0.4

Second reperfusion 12.7+0.6 11.8+0.3
Rectal temperature, °C 36.9+0.1 37.0+£0.1

Data are mean+SEM (n=6).
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