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"JH Effect of isoflurane on memory performance in the delayed SWSh task. Rats were tested 1,2,4, and 10 days after anesthesia.
Isoflurane = isoflurane (1.5%, 4 h; n=7); control = vehicle gas (50% 0., 50% N,, 4h; n=7). A, Number of training-phase errors; B,
Number of within-phase errors during the test phase; C, Number of across-phase errors in the test phase. Rats in the isoflurane group
committed more errors than controls during the experimental period (o = 0.02, analysis of variance); the number of errors was significantly
higher in the isoflurane than in the control group on PAD 1 (*p =0.05, post-hoc comparison); D, The response time ratio was similar
between groups during the training phase. Values represent the mean = SEM.

number of across-phase errors. Therefore, our results
showing increased across-phase errors suggest that
isoflurane impairs the retention of spatial working
memory. In addition, the acrossphase errors increased
on PAD 1, and then gradually decreased over the next
10 days. Hence, we speculate that the working mem-
ory impairments induced by isoflurane are transient.
We used the delayed SWSh task in the present
study, as this radial arm maze task is recommended
for assessing the time-dependent spatial working mem-
ory [11]. This task, with its interposed delay, makes
it possible to evaluate the errors committed across the
2 phases, which are separate from the errors commit-

ted within each phase. Prior studies conducted with
this task showed that methamphetamine [13] and ket-
amine [15] do not affect the number of errors commit-
ted within a phase but do increase the number of
across-phase errors. Culley et al. used a delay-inter-
posed radial arm maze task to investigate the effects
of general anesthesia on working memory [5].
However, when they analyzed the number of errors
committed across the 2 phases, the number was not
distinguishable from the number of within-phase errors.
Culley et al. also published other studies on the effects
of general anesthesia on spatial working memory by
using the standard radial arm maze task [6-9]. In the
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radial arm maze task, rodents, including rats, some-
times prefer to enter adjacent arms in order, which
can lead to reduced errors. In such cases, working
memory may not be evaluated appropriately. In the
test phase of the delayed SWSh task used in the pres-
ent study, this was not considered an acceptable way
to reduce errors. Thus, we evaluated the effects of
general anesthesia on working memory in more detail
compared to previous studies. Importantly, our find-
ings implied that time-dependent spatial working mem-
ory was impaired by isoflurane anesthesia.

In this study, we showed that a deficit in spatial
working memory after isoflurane anesthesia was
apparent on PAD 1, but improved by the end of the
10-day assessment period. Consistent with these
results, Zurek ef al. reported that recognition memory
—that is, non-spatial memory—was impaired by iso-
flurane on PAD 1 but recovered on PAD 3, as shown
by the results of a novel object recognition task in mice
[16]. These findings strongly suggest that the impair-
ment of memory induced by isoflurane is reversible.

There were some limitations to this study. First,
22 of the 36 rats initially entered into this study were
subsequently excluded during the learning period. We
set a strict criterion for performing the delayed
SWSh task in order to evaluate the effects, which we
assumed would be small, of isoflurane on working
memory. Unfortunately, the 22 rats that did not reach
the criterion had to be eliminated because the number
of their test-phase errors did not decrease, although
the training for learning the task was continued.
Secondly, the anesthetic was administrated under a
single condition (1.5% isoflurane for 4h). Other
agents, doses, or durations of anesthesia may lead to
different outcomes. Therefore, further investigation
is required to evaluate the effect of general anesthesia
on working memory.

In conclusion, we have demonstrated that 4 h of
isoflurane exposure reversibly impairs the retention of
spatial working memory in rats. Thus, impairment of
memory retention may contribute to the reversible
cognitive dysfunction induced by general anesthesia.
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