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Abstract

Inhaled anesthetics have been shown to increase the aggregation of amyloid beta /n vitro through
the stabilization of intermediate toxic oligomers, which are thought to contribute to neurocognitive
dysfunction in Alzheimer's disease. Inhaled anesthetics may escalate cognitive dysfunction
through enhancement of these intermediate oligomer concentrations. We intermittently exposed
12-month-old Tg2576 transgenic mice and nontransgenic littermates to isoflurane and halothane
for 5 days. Cognitive function was measured before and after anesthetic exposures using the
Morris Water Maze; amyloid beta plaque burden and caspase-3 mediated apoptosis were
quantified by immunohistochemistry. At 12 months of age, anesthetic exposure did not further
enhance cognitive decline in the transgenic mice. Immunohistochemistry, however, revealed that
the halothane-exposed Tg2576 mice had more amyloidopathy than the isoflurane treated mice or
the nonexposed transgenic mice. Isoflurane exposure impaired cognitive function in the
nontransgenic mice, implying an alternative pathway for neurodegeneration. These findings
indicate that inhaled anesthetics influence cognition and amyloidogenesis, but that the mechanistic
relationship remains unclear.
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1. Introduction

Every year, more than 100 million people undergo surgery worldwide, most of which is
carried out under general anesthesia, and most of these with an inhaled anesthetic, such as
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isoflurane, halothane, or sevoflurane. Today, because of the improved safety of anesthesia
through the use of advanced monitoring technology and training, increasing numbers of the
elderly are safely enduring general anesthesia; even though the mechanism of action and the
full measure of possible side effects of the inhaled anesthetics have yet to be elucidated.
These drugs clearly influence cognition, at least temporarily, in that the patient is made
unconscious, unaware, insensate and amnesic for the duration of the surgery, and briefly
thereafter. However, there is growing concern that inhaled anesthetics might affect a patient's
cognitive abilities beyond the perioperative period, even permanently, and especially at the
extremes of age.

Current evidence suggests that some inhaled anesthetics are capable of causing apoptosis,
neuronal damage and durable cognitive dysfunction (Culley et al., 2003, 2004a,b; Jevtovic-
Todorovic et al., 2003; Kvolik et al., 2005; Loop et al., 2005; Muravchick and Smith, 1995;
Wei et al., 2005; Xie et al., 2006; Xie and Tanzi, 2006; Yon et al., 2005). Potential
mechanisms are varied but a recent study shows that anesthetics can enhance protein
misfolding and aggregation. Thus, anesthetic-induced neuronal injury could follow similar
pathways as the neurodegenerative disorders, such as Alzheimer's or Parkinson's disease
(Eckenhoff et al., 2004; Ghirlanda et al., 2004; Xie et al., 2006). Interestingly, the age of
Alzheimer's disease onset has been associated with previous surgery at odds ratios of 1.2—
1.7 in three different studies (Bohnen et al., 1994; Gasparini et al., 2002; Lee et al., 2005),
which, while the studies themselves were not large enough to show statistical significance,
certainly constitutes a worrisome trend.

Although the mechanism of neurodegeneration in Alzheimer's disease is still unclear, the
leading theory implicates the accumulation and aggregation of amyloid-f3 peptides into a
variety of soluble oligomers, ranging in size from 4 to 20 monomers, instead of the insoluble
fibrils found in plaque (Billings et al., 2005; Catalano et al., 2006; Chromy et al., 2003;
Kayed et al., 2003; Klein et al., 2004; Lesne et al., 2006; Petkova et al., 2005; Selkoe, 2004).
These small toxic oligomers may then initiate a second sequence, associated with the
hyperphosphorylation of tau followed by aggregation into neurofibrillary tangles, another
hallmark of Alzheimer's neuropathogenesis in humans (Avila, 2006; Binder et al., 2005;
Churcher, 2006; Gotz et al., 2001; Lee and Trojanowski, 2006; Oddo et al., 2006).
Nevertheless, it remains unclear how amyloid-§ aggregation, neurotoxicity and/or tauopathy
occurs.

Inhaled anesthetics are mostly small haloalkanes or haloethers that preferentially bind to
hydrophobic cavities in proteins (Eckenhoff, 2001; Eckenhoff and Johansson, 1997; Liu et
al., 2005). Although the amyloid- monomer is too small to contain cavities, the oligomers
theoretically could possess such features at their interpeptide interfaces. If so, and if of
appropriate size, inhaled anesthetics should bind and stabilize oligomers, enhancing their
rate of formation. In fact, we previously demonstrated that isoflurane and halothane do
increase aggregation of amyloid beta proteins and induce cytotoxicity (Eckenhoff et al.,
2004). A follow up study reported that the population of small oligomers was enhanced by
anesthetics (Carnini et al., in press). In addition to aggregation, other investigators have
reported that anesthetics alter APP processing, increasing amyloid-f levels and apoptosis in
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H4 human neuroglioma cell lines after clinically relevant isoflurane exposures (Xie et al.,
2006).

To determine whether these /n vitro effects have an in vivo correlate, we subjected
Alzheimer Tg2576 mice, and their nontransgenic littermates to isoflurane and halothane at
12 months of age and studied subsequent behavior and changes in brain amyloid beta plaque
burden and caspase-3 mediated apoptosis. The Tg2576 transgenic mouse, harboring the
human APP-Swedish mutation, produces ever-increasing amyloid-p concentrations, leading
to age-dependent memory deficits by 9-10 months of age (Hsiao et al., 1996).

2. Methods

2.1. Animals

Animal protocols were approved as required by the University of Pennsylvania Institutional
Animal Care and Use Committees and all mice were treated in strict accordance to
APS/NIH guidelines. Eleven to twelve-month-old female Tg2576 mice and nontransgenic
wild-type littermates, bred by mating Tg2576 males with C57B6/SJL F1 females, were used
in this study. The APP-Swedish mutation inserted into the mice is a human APP gene with a
double mutation at 670 (Lys — Asn) and 671 (Met — Leu) that creates a transgenic
hemizygote characterized by a significant increase in amyloid-p levels, with the appearance
of amyloid-f plaque at 11-13 months and altered behavior at 9-10 months of age (Hsiao et
al., 1996). All mice were bred in our colony at the University of Pennsylvania. Initial
breeding pairs were a gift from Dr. Virginia Lee, University of Pennsylvania. The mice were
genotyped from tail biopsies by means of proteinase K digest, DNA extraction and PCR
probe.

2.2. Anesthetic exposures

Female Tg2576 mice and wild-type littermates were anesthetized with either humidified 0.8
MAC halothane (2-bromo-2-chloro-1,1,1-trifluoroethane) (0.8-1%) or isoflurane (1-
chloro-2,2,2-trifluoroethyl difluoromethyl ether) (0.9-1%) in 30% oxygen, balanced by N».
Both groups were exposed to anesthetics for 120 min per day for 5 days, for a total of five-
exposures. The exposures were carried out in a monitored chamber in a fume hood. The
mice breathed spontaneously without intubation or other support while being warmed with a
heating pad. Anesthetic gas phase concentrations were verified by IR spectroscopy. Daily
body weights and temperatures were recorded for each animal at the end of the exposures
and no changes were detected. Control Tg2576 and nontransgenic littermates were exposed
to humidified 30% O, balanced by N, for 120 min in similar chambers concurrently. After
the exposures, the animals were returned to their cages, and in all cases, recovery was rapid
and complete within 10 min.

2.3. Behavioral testing

2.3.1. Morris Water Maze—Before and after anesthetic exposures, behavioral testing of
the Tg2576 mice and wild-type littermates was performed using the Morris Water Maze. A
schematic of the experimental paradigm is shown in Fig. 1 and explained in detail below. A
round, fiberglass pool, 1.5m in diameter, was filled with water to a height of 1.5 cm above
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the top of the movable clear 15 cm diameter platform. Water was maintained at 20 “C and
opacified with titanium dioxide throughout all training and testing. Mice were tracked with a
video camera mounted above the pool that fed to a computer running IMAQ PCI-1407
software (National Instruments, Austin TX; www.ni.com). After every trial, each mouse was
placed in a holding cage, under a heat lamp until dry (~1-2 min), before returning to its
regular cage. The time between trials was at least 30—45 min. Body temperatures were
maintained by active heating and protracted intervals between trials. Mice were omitted
from the study if they were consistent poor performers in the pre-exposure visual cued or
reference memory tests. Poor performance was defined as failure to find the cued platform,
excessive floating or thigmotaxis. In all, 8% nontransgenic and 12.5% transgenic mice were
eliminated from the study.

2.3.2. Pre-exposure cued training—AlIl mice were trained, 4 trials per day for 5 days,
to swim to the platform, which was marked with a vertical flag (Fig. 1, days 1-5). They were
allotted 60 s to find the platform upon which they sat for 10-15 s before being removed from
the pool. If an animal did not find the platform within 60 s, it was gently guided to the
platform and allowed to remain there for 10-15 s. The platform was placed in the target
quadrant for all trials but the starting points were random for each mouse. A white curtain
surrounded the pool to prevent confounding visual cues.

2.3.3. Pre-exposure reference memory testing—Two days after the end of cued
training, pre-exposure reference memory testing (RMT) was performed for 5 days (Fig. 1,
days 8-12). The white curtain and platform flag were removed and fixed external visual cues
were provided to enable reference memory. The platform was placed in the target quadrant
for all trials but the starting points were random for each mouse. In order to reach criterion,
the mice were required to reach the platform within 60 s and were given 4 trials per day.
After 60 s, the mice were gently guided to the platform and required to remain for 10-15 s.
The time to reach the platform and the swim speed were recorded for each trial.

2.3.4. Pre-exposure probe test—After all mice completed the last reference memory
trial on the 5th day, a probe test was performed to determine memory retention (Fig. 1, day
12). For this trial, the platform was removed from the water maze and the movements of the
mice were recorded for 60 s. The time spent in each quadrant was measured.

2.3.5. Post-exposure reference memory and probe testing—After the anesthetic
exposures, animals were allowed to recover for 2 days to assure all acute cognitive effects
attributable to the anesthetics per se had dissipated. The mice were given 1 day of reference
memory testing and a probe test (Fig. 1, day 22). This consisted of 4 reference memory
trials, as performed prior to the anesthetic exposures, where the hidden platform was in the
target quadrant, the starting points for the mice were random and the same visual cues were
present. The time to reach the platform and the swim speed were recorded. After all mice
completed the 4th RMT trial, a probe test was given as described above.

2.3.6. Post-exposure spatial memory testing—The day after the post-exposure
reference memory/probe testing, the mice began 10 days of spatial memory testing (Fig. 1,
days 23-32). For these trials, the criterion for advancing to a new position was reaching the
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platform position in less than 15 s for 3 consecutive trials. If criterion was not reached within
8 trials, then the mouse would begin the next day anew with the same platform location and
8 trials per day until criterion was reached or through day 10. For these trials, the time to
reach the platform, the number of trials, and the swim speed were recorded.

2.4. Immunohistochemistry

One to four days after the last day of behavioral testing, all animals were briefly anesthetized
with halothane, perfused via the left ventricle with ice cold 0.1 M PBS with simultaneous
exsanguination from the right atrium. The brains were quickly removed, placed on ice, and
hemisected in the sagittal plane. The time required from loss of consciousness to brain
removal was routinely less than 5 min. One half of the brain was fixed in 4%
paraformaldyhyde overnight at 4 °C and then processed for paraffin embedding. Serial
coronal 8-10 um sections were cut and at least three slides for each animal were subjected to
amyloid beta or caspase-3 immunohistochemical techniques using DAB or
immunofluorescence detection, respectively. Briefly, the sections were dewaxed, rehydrated
through a series of graded alcohols, and washed in distilled water followed by PBS. Antigen
retrieval was performed by incubation in 0.1 M PBS for 20 min in a steamer at 95 °C. The
sections were then incubated in 3% hydrogen peroxide in 0.1 M PBS for 5 min to quench
endogenous peroxidase activity and then washed. For amyloid beta staining, the Vectastain
MOM kit (Vector Labs) was utilized. Nonspecific antibody binding was inhibited by
incubating the sections in MOM Mouse Ig Blocking Reagent for 1 h. Next, slides were
incubated with the primary antibody to amyloid beta at 1:50 (MVector Labs). Following the
primary antibody incubation, sections were washed in PBS, incubated in biotinylated anti-
mouse IgG (1:250) for 10 min, washed again and incubated with ABC reagent. Finally,
slides were developed with DAB for approximately 6 min. The sections were counter-
stained with hematoxylin and viewed and quantitated with an Olympus 1X70 Microscope
equipped with a SensiCam SVGA High-Speed Cooled Digital Camera (Cooke Corp.,
Auburn Hills, MI www.cookecorp.com) and IPLab Suite v3.6 Imaging Processing and
Analysis software (Biovision Technologies, Exton, PA www.BioVis.com). To obtain an
accurate quantification, nonselective background staining was subtracted from the amyloid
beta positive slides by comparing them to nontransgenic control slides. The mean density of
plaques and the total area occupied by plaques in the cortex, hippocampus and dentate gyrus
was determined from at least six sections per animal using a customized program developed
for us by Biovision Technologies (Exton, PA www.BioVis.com). For caspase-3 staining,
slides were incubated with blocking buffer for 1 h, washed, and then incubated at 4 °C
overnight with anti-activated caspase-3 (Cell Signaling) at 1:100. After washing the next
day, sections were incubated in a dark chamber with IgG-FITC (Santa Cruz) at 1:200 for 1 h
at room temperature followed by counterstain with propidium iodide at 1:3000 for 30 min.
Finally, sections were wet mounted and viewed immediately using appropriate filters on the
microscope described previously. The density of caspase-positive cells from at least nine
sections per animal was calculated. The regions were photographed and caspase-positive
cells were counted by eye per unit area.
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2.5. Statistics

One-way ANOVA followed by Student-Newman-Keuls post hoc tests was used to analyze
the water maze escape latency, swim speed and probe trial quadrant data. The percent to
reach criterion data was empirically modeled using least-squares regression and then
compared using ~tests. Finally, the density of amyloid plaques and caspase-positive cells
and the percent area occupied by the plaques per unit area in either the wild-type or
transgenic anesthetic exposed groups were compared to their respective controls and tested
using the one-way Analysis of Variance (ANOVA) with the post hoc Dunnett's Multiple
Comparisons Test.

3. Results

3.1. Reference memory testing

Prior to the anesthetic exposures, the Tg2576 (Tg) mice took longer to reach the platform
than the nontransgenic wild-type (Wt) mice. After exposure to the inhaled anesthetics,
halothane (Hal) or isoflurane (Iso), all mice including controls took longer to reach the
platform, with the transgenic mice taking even longer than wild-type. There were no
changes in the escape latencies of any group before and after the exposures that were
attributable to anesthetic exposure (Fig. 2) (Tg-Hal, n=12; Tg-Iso, n=5; Tg-Con, n=12;
Wt-Hal, n=14; Wt-Iso, n=7; Wt-Con, n= 24).

3.2. Spatial memory testing

After the anesthetic exposures, significantly fewer Tg2576 mice reached criterion than Wt
mice for both the exposed and control groups (p < 0.0001) (Fig. 3A). No anesthetic effect
could be discerned in the transgenic mice (Fig. 3B). In the Wt animals (Fig. 3C), both
controls and those exposed to halothane performed at about the same level. However,
significantly fewer isoflurane exposed Wt mice reached criterion than unexposed control Wt
mice (p< 0.0001) (Tg-Con, n=14; Tg-Hal, n=12; Tg-Iso, n=5; Wt-Con, n = 25; Wt-Hal,
n=14; Wt-Iso, n=11). Exposures to anesthetics had no detectable motor effect as reflected
by the average swim speed during the spatial memory testing trials (Fig. 4).

3.3. Memory retention testing

Probe trails were performed before and after anesthetic exposure. The Tg2576 mice
demonstrated memory of the platform quadrant pre-exposure when comparing target
quadrant percent time versus other quadrants (Con, o< 0.001; Hal, p< 0.01; Iso, p < 0.05)
(Fig. 5A). This memory ability continued in the halothane group after exposure (p < 0.05, n
= 6), but not in the isoflurane group (p> 0.05, 7= 5). However, since the “post-exposure”
control group also showed no preference for the target quadrant (p> 0.05, 7= 10), we
cannot attribute the decrement in memory in the isoflurane group to the drug. Wild-type
mice spent significantly more time searching the target quadrant for the platform than the
other quadrants pre-exposure (Fig. 5B) (Con, p< 0.05; Hal, p< 0.05; Iso, p< 0.05). This
memory ability continued after anesthetic exposures in the control and halothane groups, but
not in the isoflurane exposed group (Con, p<0.01, n=10; Hal, p<0.05, 7= 6; Iso, p>
0.05, n=7), consistent with the spatial memory task results in the Wt animals. This result is
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further confirmed by comparing the time spent in the target quadrant with the mean of the
time spent in the other three quadrants both pre-exposure (Con, p < 0.01; Hal, p< 0.001; Iso,
p < 0.01) and post-exposure (Con, p< 0.001; Hal p< 0.001; Iso, p> 0.05), demonstrating a
lack of search polarity and an impairment in memory in the isoflurane exposed wild-type
mice.

3.4. Immunohistochemistry

Significant numbers of plaque were found in the transgenic mice at 12 months of age (Fig.
6B) and, as expected, no plaques were found in the nontransgenic wild-type mice (Fig. 6A).
The density of plaques in the cortex, CAl region and the dentate gyrus of the hippocampus
combined (Fig. 7A), was significantly elevated in the halothane-exposed transgenic animals
(p<0.001) compared to controls, while no difference was found in the isoflurane-exposed
mice. The percent area occupied by amyloid beta plaques was not significantly different in
either anesthetic group (Fig. 7B) (Con, n= 13; Hal, n=8; Iso, n=5), although a trend for
being increased in the halothane group was apparent.

Caspase-3 positive cells were found in both wild-type and transgenic anesthetic exposed and
control mice (Fig. 8). The density of caspse-3 positive cells in the three regions combined
was significantly greater in the transgenic control mice than the wild-type mice (p < 0.02).
However, the anesthetic effect on apoptosis was limited to nonsignificant positive trends in
the exposed transgenic and wild-type mice as compared to their respective controls (Fig. 9)
(Wt: Con, n=12; Hal, n=6; Iso, n=6; Tg: Con, n=9; Hal, n=7; Iso, n=5).

4. Discussion

In this study, we have demonstrated that moderate exposures to inhaled anesthetics can
produce subtle but durable alterations in the aging rodent central nervous system. Consistent
with our protein-based hypothesis, we find that halothane enhances plaque deposition in the
Tg2576 mouse model, but that isoflurane does not. On the other hand, in wild-type animals,
isoflurane causes a decrease in cognitive performance whereas halothane does not. These
findings emphasize that these drugs are not only capable of producing sustained alterations
in the CNS, but that they may do so via different mechanisms. Whether these effects persist
longer than a few weeks is not yet clear.

Our previous work showed that isoflurane and halothane enhance oligomerization and
cytotoxicity of amyloid-B in vitro by means of a reduction in solubility of the amyloid-$
monomer, in part through a preference for binding and stabilizing the intermediate
oligomers (Carnini et al., in press; Eckenhoff et al., 2004). Halothane was more potent than
isoflurane, and the effect was small at clinical concentrations. Thus, the predicted effect of
anesthetic exposure in an animal model that expresses human amyloid-p is an enhancement
of oligomer formation and subsequent plaque deposition, especially in those exposed to
halothane. Our results are consistent in that halothane enhanced plaque load and there was a
nonsignificant trend for isoflurane to do the same. Interestingly, the plaque data suggests that
the size distribution shifts to smaller plaques in the halothane group (a larger increase in
number than area), the expected result if a recent perturbation had increased the available
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oligomer. In fact, it is striking that this increase was detectable only 2 weeks after anesthetic
exposure.

Despite these modest effects on plaque deposition, neither anesthetic produced a detectable
alteration in the cognitive performance of the Tg2576 mouse on the Morris Water Maze.
Although puzzling, the relationship between plaque burden and neurodegeneration or
cognitive performance is known to be weak in this mouse model (Westerman et al., 2002). A
lack of anesthetic effect on behavior might also indicate an already advanced degree of
neuronal or synaptic injury at the time of exposure. This is supported by the fact that at 12
months of age, the transgenic mice demonstrated significant cognitive impairments
compared to their wild-type littermate controls. Thus, a small incremental effect of
anesthetic-enhanced oligomerization may have been difficult to detect. The clinical correlate
of this study might be those patients with a diagnosis of Alzheimer disease at the time of
surgery (quite common). Thus, these studies may warrant repeating at an earlier time point
in this model, and/or in another mouse model, to more closely represent the group of
patients with mild cognitive impairment at the time of surgery, a much larger cohort than
those with established Alzheimer disease.

Interestingly, cognitive performance was clearly influenced by isoflurane in the wild-type
littermate control animals. Two features suggest that this effect is unrelated to our protein
oligomerization hypothesis. First, wild-type animals do not develop plaque or, indeed,
detectable levels of insoluble amyloid-B. Second, although there might be other potentially
neurotoxic proteins susceptible to anesthetic-induced oligomerization, the opposite rank
order to what we observed /n vitro (halothane > isoflurane) renders this unlikely. Further,
isoflurane has been previously demonstrated to be neurotoxic in both very young and aged
wild-type rats (Culley et al., 2003, 20044a,b; Jevtovic-Todorovic et al., 2003; Yon et al.,
2005). At least one potential mechanism for isoflurane-induced neurotoxicity is calcium
dysregulation (Wei et al., 2005), whereby the anesthetic induces endoplasmic reticulum
calcium depletion, triggering apoptosis. Halothane is less potent at inducing calcium
depletion than isoflurane, in agreement with our results in the wild-type animals. The fact
that an isoflurane effect could not be detected in the Tg2576 model is further support for our
hypothesis that incremental effects of potential neurotoxic agents become difficult to detect
in already established compromise.

Thus, these results confirm that anesthetics may have effects on the CNS that outlast the
period of anesthesia itself. Whether these effects are reversible is not yet clear, but
reversibility is likely to depend on the degree of reserve or plasticity. Thus, durable effects
might be undetectable in younger animals without compromise (or genetic vulnerability),
but are predicted to become apparent in animals with a degree of compromise, such as early
neurodegenerative disease, head trauma or advanced age. This is consistent with recent
clinical reports of post-operative cognitive dysfunction, and the fact that age appears to be
the primary risk factor (Abildstrom et al., 2000; Ancelin et al., 2001; Bedford, 1955;
Davidsson et al., 2002; Johnson et al., 2002; Moller et al., 1998). It is too early to alter
clinical practice based on these data, but the ability of volatile anesthetics to produce
changes in cognition and aggregation of proteins suggests the need for closer examination of
this issue, particularly in the elderly, and the need to investigate new anesthetic compounds.
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Fig. 1.

Schematic time-line of the experimental paradigm. RMT= reference memory testing.
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Escape latencies from the reference memory testing for transgenic (A) and wild-type mice

(B). No changes were found in the escape latencies of any group before and after the

exposures. The x-axis, days, corresponds to the testing paradigm in Fig. 1 for pre-exposures

(days 8-12) and post-exposure (day 22). Black squares and solid line, controls; open
triangles and dashed line, halothane-exposed; black circles and small dashed lines,

isoflurane-exposed (Tg-Hal, n=12; Tg-Iso, n=5; Tg-Con, n=12; Wt-Hal, n= 14; Wt-Iso,

n=17; Wt-Con, n=24).
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Fig. 3.

Tr?e percent of transgenic and wild-type mice that reached criterion in the spatial memory
testing after anesthetic exposures. The x-axis represents the number of different hidden
platform locations reached by the mice during the 10 days of testing. (A) Control mice:
wild-type (solid squares, solid line) (7= 25) compared to transgenic (open squares, solid
line) (n=14) (p< 0.0001). (B) Transgenic mice: controls (open squares, solid line) (7= 14),
isoflurane exposed (open circles, dashed line) (77=5) and halothane-exposed (open triangles,
dotted line) (7= 12) (p> 0.05). No significant difference was detected between any
transgenic group. (C) Wild-type mice: controls (solid squares, solid line) (n7= 25), isoflurane
exposed (solid circles, dashed line) (7= 11) and halothane-exposed (solid triangles, dotted
line) (n=14). Performance in the isoflurane group was significantly different from control,
but not in the halothane group.
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Fig. 4.

Tr?e average swim speeds of transgenic (Tg) and wild-type (Wt) mice during the spatial
memory testing after exposures to halothane (Hal) or isoflurane (1so). No significant
differences in swim speed were observed (p = 0.4037) (Tg-Con, n= 14; Tg-Hal, n=12; Tg-
Iso, n=5; Wt-Con, n=25; Wt-Hal, n=14; Wt-1so, n=11).
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Page 16

The percent of total time that mice spent in each quadrant during pre- and post-exposure
probe tests for controls (black), halothane (grey) and isoflurane (white) exposed mice. (A)
Transgenic mice, prior to anesthetic exposure, spent more time in the target quadrant than

the other quadrants. However, after the exposures, only the halothane group spent

significantly more time in the target quadrant. (B) Wild-type mice significantly preferred the
target over adjacent or opposite quadrants both before and after anesthetic exposures, except

for the post-exposure isoflurane group (*, p < 0.05 target vs. opposite and adjacent

quadrants; +, p < 0.05 target vs. opposite quadrant only) (Tar = target, Adj = adjacent, Opp =
opposite) (Tg-Con, n= 10; Tg-Hal, n=6; Tg-Iso, n=5; Wt-Con, n=10; Wt-Hal, n=6;

Wit-1so, n=17).
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Fig. 6.

Micrographs of a wild-type mouse brain (A) and transgenic brain (B). Variously sized
amyloid plaques were found in the cortex, CAL region and dentate gyrus in the transgenic
brain at 12 months of age (B). Scale bar = 180 um.

Neurobiol Aging. Author manuscript; available in PMC 2016 June 09.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Bianchi et al.

Page 18

(A) 17.5 =
15.0 = A

2 125 -

2

[ - A

a 100 - AA

E : .
75+

8 LD A : A -

O 50e —m— ——
25+ "] am [ ]

Control Halothane Isoflurane

(B) 1.00 -

] ]

< 0.75 4

3

[

?g 0.50 =

g A

e n A

< A

o 0.25= a | —A [ X}

S n

g A A A [ ] )

o | | ‘ u @

52 0.00 LS Sie T T

Control Halothane Isoflurane

Fig. 7.

The plaque load in the Tg2576 mouse cortex, CA1 and dentate gyrus combined. (A) The
density of plaques in controls and anesthetic exposedmice. The halothane-exposed Tg2576
mice had a significantly increased plaque burden compared to control Tg2576 mice, p<
0.05. (B) The percent area occupied by plague normalized to area. No significant differences
were detected in the anesthetic exposed groups (Con, 7= 13; Hal, 7= 8; Iso, n=5).
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Fig. 8.
Caspase-3 immunohistochemistry of the CA1 region of the hippocampus in a transgenic

mouse exposed to isoflurane. Caspase-3 positive cells are green. Scale bar = 50um.

Neurobiol Aging. Author manuscript; available in PMC 2016 June 09.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Bianchi et al.

Page 20
(A)  10.0 =
oy
7] A
s
e 7.5 " °
© o
c O ]
> ¢ 50+ A
g s | Ak
® 0 o m RN
= O | | ®
= A _— 2
& 2.5 P
o A
o 0.0 L T T
Tg-Con Tg-Hal Tg-lso
(B) 10.0
2 A
»
S 754
(a]
o ©
(] ®
g'. o 5.0+ L
T3 - A
St —_— .
2 25 [ A
o . = _'.l_
£ ] A
Q. g A )
) ]
8 0.0 - T 4
Wt-Con Wit-Hal Wit-Iso

Fig. 9.

Tr?e density of caspase-3 positive cells in the cortex, CA1 and dentate gyrus combined.
Overall, the density of caspase-positive cells is significantly greater in all transgenic mice
than wild-type mice (p < 0.02), but an anesthetic effect could not be demonstrated (Wt-Con,
n=12; Wt-Hal n=6; Wt- Iso n=6; Tg-Con, n=9; Tg-Hal, n=7; Tg-Iso, n=5).
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