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Abstract
Post-operative cognitive dysfunction (POCD) is a clinical phenomenon characterized with
cognitive decline in patients after anesthesia and surgery. It has been shown that interleukin-1β
(IL-1β) contributes to the cognitive impairment of mice after surgery and isoflurane anesthesia.
This study is designed to determine whether isoflurane alone increases inflammatory cytokines
and causes cell injury and cognitive impairment. Four-month-old male Fisher 344 rats were
exposed to or were not exposed to 1.2% isoflurane for 2 h. Two weeks later, rats were subjected to
Barnes maze and fear conditioning tests. Although animals exposed to or non-exposed to
isoflurane developed spatial learning, animals exposed to isoflurane had significant impairments in
long-term spatial memory assessed by Barnes maze. They also had impaired hippocampus-
dependent learning and memory in fear conditioning test. IL-1β in the hippocampus was increased
at 6 h after isoflurane exposure. Isoflurane also increased activated caspase 3 in the hippocampus
and decreased the neuronal density in the CA1 region. However, isoflurane did not change the
amount of β-amyloid peptide in the cerebral cortex at 29 days after isoflurane exposure when
cognitive impairment was present. These results suggest that isoflurane increases inflammatory
cytokine expression and causes cell injury in the hippocampus, which may contribute to
isoflurane-induced cognitive impairment in rats.
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1. Introduction
Post-operative cognitive dysfunction (POCD) is a recognized clinical entity (Baranov, et al.,
2009). Although POCD may last for a short period (days or weeks) in most patients after
cardiac and non-cardiac surgeries, POCD in some patients can last for months or longer
(Moller, et al., 1998, Monk, et al., 2008, Newman, et al., 2001). In addition, it has been
shown that POCD is associated with an increased mortality (Monk, et al., 2008, Steinmetz,
et al., 2009). It is known that patients with an advancing age (≥ 60 years) have an increased
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incidence of POCD (Moller, et al., 1998, Monk, et al., 2008). However, younger adults can
also suffer from POCD (Monk, et al., 2008).

In today’s practice, most patients are having surgery under general anesthesia (Clergue, et
al., 1999). Thus, it is conceivable that general anesthesia/anesthetics may contribute to
POCD. However, strong clinical evidence to support this contribution has not been reported
and may be difficult to obtain because studies to address this issue will require anesthetizing
a large number of people without surgery. In contrast, in vitro and animal studies have
suggested that volatile anesthetics, the most commonly used anesthetics, may play a role in
POCD. For example, rats exposed to volatile anesthetics develop cognitive impairment
(Culley, et al., 2003, Culley, et al., 2004a), although volatile anesthetic neuroprotective
effects and improvement of cognitive functions after anesthetic exposure have also been
reported (Culley, et al., 2003, Komatsu, et al., 1993, Li, et al., 2009, Rammes, et al., 2009,
Statler, et al., 2006b, Statler, et al., 2006a). Activated caspase 3 expression and β-amyloid
peptide (Aβ) production are increased in mouse brains after volatile anesthetic exposure
(Xie, et al., 2008). Aβ oligomerization in vitro can be induced by volatile anesthetics
(Eckenhoff, et al., 2004). It has been proposed that Aβ overproduction, oligomerization and
accumulation in the brain contribute to the development of Alzheimer’s disease (AD)
(Selkoe, 2004), the most common form of dementia in the elderly patients.

The pathogenesis of volatile anesthetic-induced cognitive impairment is not fully
understood. It has been known that neuroinflammation induces cognitive impairment
(Sanderson, et al., 2009). A recent study showed that neuroinflammation played an
important role in cognitive dysfunction of young adult mice after an open tibia fixation
under isoflurane anesthesia (Cibelli, et al., 2010). Activated caspase 3, a key enzyme to
induce cell apoptosis, can be increased in mouse brains (Xie, et al., 2008). Pathological
changes including neuroinflammation, Aβ accumulation and neurodegeneration are key
features of AD brains (Mrak, et al., 2001, Selkoe, 2004). Thus, this study was designed to
determine whether these pathological features and cognitive impairment occurred after
isoflurane exposure. We exposed 4-month old Fisher 344 rats to isoflurane. We then
evaluated their cognitive functions, Aβ levels and cell death in the brain, as well as
neuroinflammation as reflected by the levels of the proinflammatory cytokines interleukin
1β (IL-1β) and tumor necrosis factor-α (TNF-α).

2. Materials and Methods
The animal protocol was approved by the institutional Animal Care and Use Committee of
the University of Virginia (Charlottesville, VA). All animal experiments were carried out in
accordance with the National Institutes of Health Guide for the Care and Use of Laboratory
Animals (NIH publications number 80-23) revised in 1996.

2.1. Animal groups
Four-month-old male Fisher 344 rats weighing 290 – 330 g from Charles River Laboratories
International, Inc. (Wilmington, MA) were divided into two groups: control and isoflurane.
Animals in the isoflurane group were exposed to 1.2% isoflurane for 2 h. Since isoflurane
was carried by 100% O2, rats in the control group were kept in a chamber gassed with 100%
O2 for 2 h and were not exposed to isoflurane at any time. Two sets of experiments were
performed. In the first set of experiments, rats were exposed to or were not exposed to
isoflurane and their hippocampi were harvested at 6 or 16 h after the isoflurane exposure for
measuring cytokines and activated caspase 3. In the second set of experiments, control
animals and animals exposed to isoflurane were subjected to Barnes maze and fear
conditioning tests. Their brains were harvested after these tests for determining neuronal
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density, the levels of cytokines and activated caspase 3 in the hippocampus, and Aβ in the
cerebral cortex.

2.2. Isoflurane exposure
As we described before (Lee, et al., 2008), anesthesia was induced by placing rats in a
chamber gassed with 3% isoflurane in oxygen. Rats were intubated with a 14-gauge
catheter. They were mechanically ventilated with isoflurane carried by 100% O2 to maintain
end tidal isoflurane concentration at 1.2%. The inhaled and exhaled gas concentrations were
monitored continuously with a DatexTM infrared analyzer (Capnomac, Helsinki, Finland).
The ventilator settings usually were 2 ml as the tidal volume at a rate of 60 breaths/min and
were adjusted to maintain the end tidal CO2 at ~32 mmHg. Rectal temperature was
maintained at 37°C ± 0.5°C. Heart rate and pulse oximeter oxygen saturation (SpO2) were
measured continuously during anesthesia with a MouseOxTM Pulse Oximeter (Harvard
Apparatus, Holliston, MA). This isoflurane exposure was for 2 h. Rats were extubated when
they were responsive. All animals were recovered for 20 min in a chamber gassed with
100% O2 and at 37°C. They then were placed in their home cage.

2.3. Barnes maze
Two weeks after isoflurane exposure, animals were subjected to Barnes maze. Barnes maze
is designed to test spatial learning and memory. Animals were placed in the middle of a
circular platform with 20 equally spaced holes (SD Instruments, San Diego, CA). One of the
holes was connected to a dark chamber that was called target box. Animals were encouraged
to find this box by aversive noise (85 dB) and bright light (200 W) shed on the platform.
Animals went through a spatial acquisition phase that took 4 days with 3 min per trial, 2
trials per day and 15 min between each trial. Animals then went through the reference
memory phase to test the short-term retention on day 5 and long-term retention on day 12.
One trial on each of these two days was performed. No test was performed during the period
from day 5 to day 12. The latency and number of errors to find the target box during each
trial were recorded with the assistance of ANY-Maze video tracking system (SD
Instruments). The numbers of pokes in each hole during the reference memory phase also
were recorded.

2.4. Fear conditioning
One day after Barnes maze test, rats were subjected to fear conditioning test. Fear
conditioning is a very sensitive and non-effort-dependent test of learning and memory (Kim,
et al., 1992). Each animal was placed in a test chamber wiped with 70% alcohol and
subjected to 3 tone-foot shock pairings (tone: 2000 Hz, 85 db, 30 s; foot shock: 1 mA, 2 s)
with an intertrial interval 1 min in a relatively dark room. Animal was removed from this
test chamber 30 s after the conditioning training. The animal was placed back to the
chamber 24 h later for 8 min in the absence of tone and shock. The amount of time with
freezing behavior was recorded in an 8 s interval. The animal was placed 2 h later in a test
chamber that had different context and smell from the first test chamber (this second
chamber was wiped with 1% acetic acid) in a relatively light room. Freezing was recorded
for 3 min without the auditory conditioning stimulus. The auditory stimulus then was turned
on for 3 cycles, each cycle for 30 s followed by 1-min inter-cycle interval (4.5 min in total).
The freezing behavior in the 4.5 min was recorded. The order of the context and tone fear
conditioning tests was arranged in a way so that half of the animals in each group were
tested first by contextual test and the other half by tone test. Freezing behavior recorded in
the video was scored by an observer who was blind to group assignment. These tests test
hippocampus-dependent (context-related) and hippocampus-independent (tone-related)
learning and memory functions (Kim, et al., 1992).
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2.5. Brain tissue harvest
Thirty minutes after fear conditioning test, rats were deeply anesthetized with isoflurane and
perfused transcardially with saline. Brains were removed. The right hippocampi were
dissected out immediately for the Western blotting of various proteins and enzyme-linked
immunosorbent assay (ELISA) of IL-1β and TNF-α. The left cerebral hemisphere at Bregma
−3.5 to −4.5 was used for Nissl staining. Cerebral cortex from Bregma −1 to −3 was
harvested for ELISA of Aβ.

2.6. Nissl staining
The cerebral block containing hippocampus was fixed in 10% neutral buffered formalin
overnight and then paraffin embedded. Coronal 8 μm sections were prepared and subjected
to Nissl staining (Zhao, et al., 2004). These sections were examined by an observer blinded
to the group assignment of the sections. The number of positively stained cells (neurons) in
a high magnification field (× 400, ~0.2 mm2) in the CA1 and CA3 regions was counted.
Three determinations, each on different locations in these two brain regions, were performed
for each section. Three sections were used for each rat. These 9 determinations were
averaged to yield a single number (density of the neurons) for each brain region of
individual rat.

2.7. Western blotting
Hippocampal tissues were homogenated in RIPA buffer (catalogue number: 89900; Thermo
Scientific, Worcester, MA) containing protease inhibitor cocktail (catalogue number: P2714;
Sigma, St Louis, MO) and protease inhibitor mixture (catalogue number: 1697498; Roche
Applied Science, Indianapolis, IN). Homogenates were centrifuged at 13,000 g at 4°C for 30
min. The supernatant was saved and its protein concentration was determined by Bradford
assay. Fifty microgram proteins per lane were electrophoresed on a polyacrylamide gel and
then blotted onto a polyvinylidene difluoride membrane. After being blocked with Protein-
Free T20 Blocking Buffer (catalogue number: 37573; Thermo Scientific, Lot LB141635),
membranes were incubated with the following primary antibodies: rabbit monoclonal anti-
cleaved caspase-3 antibody (1:1000; catalogue number: 9664; Cell Signaling Technology,
Inc., Danvers, MA) and mouse monoclonal anti-β-actin polyclonal antibody (1:2000;
catalogue number: A2228; Sigma). Appropriate secondary antibodies were used. Proteins
were visualized using a Genomic and Proteomic Gel Documentation (Gel Doc) Systems
from Syngene (Frederick, MD). The protein band intensities of caspase 3 were normalized
by the corresponding band intensities of β-actin from the same samples. The results from
animals under various experimental conditions were then normalized by those of the
corresponding control animals.

2.8. Quantification of IL-1β, TNFα and Aβ
Brain tissues were homogenized on ice in 20 mM Tris–HCl buffer (pH = 7.3) containing
protease inhibitors (10 μg/ml aproteinin, 5 μg/ml peptastin, 5 μg/ml leupeptin, and 1 mM
phenylmethanesulfonylfluoride). Homogenates were centrifuged at 10,000 g for 10 min at
4°C. The supernatant was then ultracentrifuged at 150,000 g for 2 h 4°C. Bradford protein
assay of the supernatant was performed for each sample. ELISA kits for measuring rat IL-1β
and TNFα (catalogue number: DY501 and RTA00, respectively; R&D Systems,
Minneapolis, MN) were used to quantify the contents of these cytokines in the samples
according to the manufacturer’s instructions. The quantity of IL-1β and TNFα in each brain
sample was standardized to the protein contents. The results from animals under various
experimental conditions were then normalized by the mean values of the corresponding
control animals in each ELISA assay.
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Aβ was extracted from brain tissues as described before (Gravina, et al., 1995). Briefly,
parietal cerebral cortex was homogenized in 8 × volume of 70% glass distilled formic acid.
The homogenates were kept at 4°C for 15 min and then centrifuged at 100,000 g for 1 h. The
formic acid extract layer between a thin overlying lipid layer and a small pellet was removed
and used for Aβ1–42 quantification by a Aβ1–42 ELISA kit (catalog number KMB3441;
Invitrogen, Carlsbad, CA). The level of the Aβ1–42 in each brain sample was standardized
to the brain tissue weight. The results from animals under various experimental conditions
were then normalized by the mean values of the corresponding control animals in each
ELISA assay.

2.9. Statistical analysis
All data in this study, including physiological results and results from behavioral tests,
Western blotting and ELISA, were parametric. They are presented as means ± S.D. (n ≥ 4)
and analyzed by Student’s t test, Rank Sum test or by one way repeated measures analysis of
variance followed by the Tukey test (for the data generated during the training sessions of
Barnes maze). A P < 0.05 was accepted as significant. All statistical analyses were
performed with the SigmaStat (Systat Software, Inc., Point Richmond, CA, USA).

3. Results
No animals had an episode of hypoxia (defined as SpO2 < 90%) during the isoflurane
exposure. The SpO2 and heart rates were 98 ± 1% and 344 ± 29 beats/min, respectively,
during the exposure.

Control rats and rats exposed to isoflurane took less time to find the target hole with
increased training sessions [F(7, 10) = 3.022 (P < 0.01) for the control group and F(7, 10) =
3.573 (P < 0.01) for the isoflurane exposure group]. As a result, they took significantly less
time to find the target hole in the last training session on the fourth day than that in the first
training session on the first day (Fig. 1). These results suggest that animals in control and
isoflurane exposure groups developed spatial learning. However, animals exposed to
isoflurane needed much longer time to find the target hole than control rats during the
reference memory tests occurred at 8 days after the last training session [t(20) = −2.388]
(Fig. 2). Isoflurane-exposed rats also had decreased freezing behavior compared with control
rats in the contextual fear conditioning test [t(20) = 2.340]. However, the freezing behavior
during the tone fear conditioning test was not different between the control rats and
isoflurane-exposed rats (Fig. 2).

To determine the possible mechanisms for isoflurane-induced cognitive impairments, we
measured the expression of proinflammatory cytokines and a cell injury marker in the
hippocampus. The hippocampal IL-1β level in rats exposed to isoflurane 6 h ago was
significantly higher than that in control animals [t(18) = −2.203]. However, the TNFα level
in the hippocampus was not different between control and isoflurane exposed animas. In
contrast, activated caspase 3 was increased at 16 h after isoflurane exposure [T = 24 with
n(small) = 6 and n(big) = 6] (Fig. 3). Two caspase 3 fragments at 20 KDa and 17 KDa were
detected. These fragments are subunits of activated caspase 3 (Liu, et al., 1996). The final
results presented in the bar graphs of figure 3 were the sum of these two fragments.

Different from the findings in the acute phase after isoflurane exposure, the IL-1β and TNFα
concentrations as well as the activated caspase 3 expression in the hippocampi of animals
exposed to isoflurane 29 days ago were not different from those of control rats (Fig. 4).
Similarly, the Aβ1–42 levels in the parietal cerebral cortex were not different between the
two groups of animals at this time-point (Fig. 4).
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Consistent with the possibility of cell injury as indicated by increase of activated caspase 3
expression in the hippocampus soon after isoflurane exposure, the neuronal density in the
CA1 region at 29 days after isoflurane exposure was significantly lower than control animals
[t(9) = 3.062]. Similar direction of change was observed in CA3 region but the difference
was not statistically significant (Fig. 5).

4. Discussion
We performed our study under clinically relevant conditions. General anesthesia maintained
with anesthetics including volatile anesthetics at 0.5 to 1.3 minimum alveolar concentrations
(MAC, one MAC is the concentration at which 50% of animals do not have a motor
response to painful stimuli) for 2 h or longer is commonly performed in the clinical practice.
One MAC of isoflurane in rats is ~1.5% (Stratmann, et al., 2009). Cognitive function tests
on the animals were initiated at 2 weeks after isoflurane exposure. Most patients have
already been discharged from hospital by this time. Existence of POCD will significantly
affect their daily activity and quality of life at home or at work.

Our results showed that exposure of rats to 1.2% isoflurane for 2 h did not affect the
performance of rats in the training sessions of Barnes maze, suggesting that isoflurane does
not affect the acquisition/learning of spatial reference tasks. However, rats in the isoflurane
exposure group had a poorer performance in the long-term spatial reference memory test
than control rats. Isoflurane exposed rats also had poorer performance in the contextual fear
conditioning. These results suggest that isoflurane impairs hippocampus-dependent learning
and memory as well as the recall/memory but not the acquisition of spatial reference tasks.
Impairment of spatial learning and memory in young adult rats after being exposed to the
combination of isoflurane and nitrous oxide has been reported (Culley, et al., 2004b).
However, it is not known from this previous study which phase of learning and memory
process is affected by anesthesia. A recent study showed that exposure of 2 – 3-month old
mice to 1% isoflurane, but not 1.5 and 2% isoflurane, impaired the acquisition of spatial
reference tasks but did not affect spatial reference recall/memory when they were tested
within 5 days after isoflurane exposure (Valentim, et al., 2010). However, another recent
study demonstrated that 2-month old rats did not have an impairment in fear conditioning
test and spatial reference learning but had improved long-term memory at 4 months after
one-MAC isoflurane anesthesia for 4 h (Stratmann, et al., 2009). The reasons for these
different findings among our study and the three previous studies are not known.
Differences in animal species and strains, methods of anesthetic exposure, and time to
perform the leaning and memory tests may have contributed to these discrepancies.

Mechanisms for volatile anesthetics-induced cognitive impairment are poorly understood.
Since Aβ has been hypothesized to contribute to the development of AD (Selkoe, 2004), it is
possible that increased Aβ in the brain and its subsequent neurotoxicity play a role in the
anesthetic-induced cognitive impairment in the animals. Consistent with this possibility, Aβ
oligomerization in vitro is increased when exposed to volatile anesthetics at clinically
relevant concentrations (Eckenhoff, et al., 2004). Those anesthetics also increase Aβ
production from cell cultures (Xie, et al., 2007). Mice exposed to 1.4% isoflurane for 2 h
had an increased expression of Aβ in their cerebral cortices quantified at 24 h after
isoflurane exposure (Xie, et al., 2008). However, no study has quantified cognitive
impairments and Aβ accumulation in the brains of the same wild-type animals to determine
the possible relationship between them after anesthetic exposure. We showed here that
isoflurane impaired the cognitive functions of rats. However, isoflurane did not increase the
Aβ concentrations in the brains of the same animals at a time when they had significant
cognitive impairments. Thus, our results suggest that Aβ may not play a role in isoflurane-
induced cognitive impairments in young adult rats.
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Neuroinflammation is an important component of neuropathology for AD (Cameron, et al.).
Neuroinflammation can also impair learning and memory (Sanderson, et al., 2009). A recent
study showed that tibial surgery under anesthesia with isoflurane and buprenorphine induced
a rapid increase of IL-1β in the brain and hippocampal inflammation within 3 days after the
surgery in young adult mice. These animals also had significant memory impairments
assessed at 3 days after the surgery and anesthesia (Cibelli, et al., 2010). However, the
anesthesia alone did not increase IL-1β level and cause inflammation in the mouse
hippocampus in the same study (Cibelli, et al., 2010). In contrast, our results showed that
hippocampal IL-1β level was increased at 6 h after isoflurane exposure.

Our results also showed a significant increase of activated caspase 3 expression at 16 h after
isoflurane exposure. Since this increase is after the IL-1β elevation and IL-1β has been
shown to activate caspase 3 in the brain (Martin, et al., 2002, Zarifkar, et al., 2010), it is
possible that the increase of activated caspase 3 is caused by IL-1β. Since our results also
showed a decreased neuronal density, it is conceivable that the increased IL-1β and activated
caspase 3 may have ultimately led to neurodegeneration in the hippocampus. Thus, our
results suggest a pathway of IL-1β-caspase 3-neuronal injury/death. Isoflurane-induced
caspase 3 activation in mouse brain tissues has been reported (Xie, et al., 2008). However,
no study has reported whether this activation results in cell death and brain structure
changes. Our results indicate this possibility because the neuronal density in the
hippocampus of isoflurane exposed rats was decreased. Of note, our study showed that the
expression of IL-1β, TNFα and activated caspase 3 was not different between control and
isoflurane exposed animals at 29 days after isoflurane exposure, suggesting that there is no
ongoing neuroinflammation and cell injury at this time-point.

Since neuroinflammation impairs cognitive functions (Sanderson, et al., 2009) and IL-1β
plays a critical role in the memory impairment of mice after anesthesia and surgery (Cibelli,
et al., 2010), it is natural to think that activation of IL-1β-caspase 3-neuronal injury/death
pathway may contribute to cognitive impairment after isoflurane exposure. However, this
connection can not be firmly established with the data presented here. Future studies with
using specific inhibitors for each component of this pathway are needed to provide evidence
for this connection.

In addition to the failure to firmly establish the relationship of the neurochemical and
neuropathological changes with cognitive impairment after isoflurane exposure, our study
has other limitations. First, we intubated and mechanically ventilated the rats during
isoflurane exposure. This experimental design was aimed to simulate clinical situations
because most patients under general anesthesia are intubated and ventilated. This practice
also reduces the occurrence of hypoxia and hypercarbia. However, it is difficult to know
whether intubation and mechanical ventilation contribute to the activation of the IL-1β-
caspase 3-neuronal injury/death pathway and cognitive impairments because it is not
possible to study a group of rats that are intubated and ventilated without anesthesia.
However, isoflurane has been shown to activate caspase 3 in cell cultures (Xie, et al., 2007).
Thus, it is very likely that the neurochemical, neuropathological and cognitive changes in
the animals of isoflurane exposure group are caused by isoflurane. Second, our study is a
pure animal investigation. There is no clinical evidence in the literature to suggest the
applicability of our findings to humans.

In conclusion, our study showed that isoflurane impaired the long-term spatial reference
memory and hippocampus-dependent learning and memory in young adult rats. Isoflurane
may activate the IL-1β-caspase 3-neuronal injury/death pathway in the hippocampus. This
activation may contribute to the cognitive impairment of these rats after isoflurane exposure.
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Highlights

• Isoflurane impairs cognitive function of young adult rats.

• Isoflurane induces a transient increase of interleukin-1β in rat hippocampus

• Isoflurane may reduce neuronal density in the hippocampus
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Fig. 1. Performance in the training sessions of Barnes maze
Four-month-old Fisher 344 rats were exposed to or were not exposed to 1.2% isoflurane for
2 h. They were subjected to Barnes maze 2 weeks later. Results are mean ± S.D. (n = 11).
Statistical results are F(7, 10) = 3.022 and P < 0.01 for the control group and F(7, 10) =
3.573 and P < 0.01 for the isoflurane exposure group. * P < 0.05 compared with the
corresponding data in the first trial on day 1. The differences between the data at other time-
points and those in the first trial on day 1 within the same group were not significant.
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Fig. 2. Performance in the reference memory sessions of Barnes maze and fear conditioning test
Four-month-old Fisher 344 rats were exposed to or were not exposed to 1.2% isoflurane for
2 h. They were subjected to Barnes maze 2 weeks later or fear conditioning 27 days later.
Results are mean ± S.D. (n = 11). * P < 0.05 compared with the control group [t(20) =
−2.388 for the comparison in long-term memory test of the Barnes maze and t(20) = 2.340
for the comparison in the contextual fear conditioning test]; n.s. means non-significant for
the comparisons between the data of isoflurane exposure group and the control group.
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Fig. 3. Expression of interleukin (IL) 1β, tumor necrosis factor (TNF)-α and activated caspase 3
in rat hippocampi
Four-month-old Fisher 344 rats were exposed to or were not exposed to 1.2% isoflurane for
2 h. Hippocampi were harvested at 6 or 16 h after the isoflurane exposure. Results are mean
± S.D. (n = 6 – 14, the number of animals for each experimental condition is indicated inside
each bar in the figure). * P < 0.05 compared with the control group [t(18) = −2.203 for the
comparison of IL-1β content between control group and the group at 6 h after isoflurane
exposure and T = 24 with n(small) = 6 and n(big) = 6 for the comparison of activated
caspase 3 content between control group and group at 16 h after isoflurane exposure]; n.s.
means non-significant for the comparisons between the data of isoflurane exposure group
and the control group.
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Fig. 4. Expression of interleukin (IL) 1β, tumor necrosis factor (TNF)-α, activated caspase 3 and
β amyloid peptide (Aβ) in rat brains
Four-month-old Fisher 344 rats were exposed to or were not exposed to 1.2% isoflurane for
2 h. IL-1β, TNFα and activated caspase 3 in the hippocampus and Aβ in the parietal cerebral
cortex were measured 29 days after the isoflurane exposure. Results are mean ± S.D. (n = 4
– 10, the number of animals for each experimental condition is indicated inside each bar in
the figure). n.s. means non-significant for the comparisons between the data of isoflurane
exposure group and the control group.
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Fig. 5. Neuronal density in the hippocampus
Four-month-old Fisher 344 rats were exposed to or were not exposed to 1.2% isoflurane for
2 h. The hippocampus was harvested at 29 days after the isoflurane exposure for Nissl
staining. Results are mean ± S.D. (n = 5 – 6, the number of animals for each experimental
condition is indicated inside each bar in the figure). * P < 0.05 compared with the control
group [t(9) = 3.062 for the comparison in the CA1 region]; n.s. means non-significant for the
comparisons between the data of isoflurane exposure group and the control group.
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