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Fig. 4. (A) Effect of hypothermia on the amplitude of population spikes over time. Hypothermia at 30 °C was introduced and 10 mM glucose in the perfusion
medium was replaced with lactate as indicated by the open horizontal bars, (B) Effect of hypoxia with 5 mM glucose combined with hypothermia on the
amplitude of population spikes after replacement of glucose with lactate, Hypothermia at 30 °C was introduced prior to hypoxia with 5 mM glucose. After
recovery from hypoxia, glucose was replaced with lactate as indicated by the open horizontal bars. The ordinate is the same as in Fig. 1. The last half of control
data (10 min out of 20 min observation) is shown in both (A) and (B). Each plot indicates the mean value £+ S.E.M. of five slices,

ATP levels are significantly preserved at 64.9% of the
control levels (P < 0.001; Fig. 5). These results indicate that
hypothermia preserves the energy levels in the slices during
hypoxia and that the energy levels measured in the slices
during hypoxia correlate with the subsequent induction of
lactate-supported synaptic potentials.

3.4. Glutamate release from the DG region

Energy deprivation, such as hypoxia or hypoglycemia,
induces extracellular glutamate accumulation {Choi, 1988;
Katayama et al., 1991; Takata et al., 1995). We previously
demonstrated that extracellular glutamate levels increased
when lactate was substituted for glucose (Takata et al.,
2001). To investigate the correlation between extracellular
glutamate levels and the induction of lactate utilization after
hypoxia with low glucose in the medium, the glutamate
levels in the medium under different conditions were
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Fig. 5. Concentration of ATP from dentate gyrus of hippocampus during
hypoxia with 5 mM glucose (G5mM), 10 mM glucose (G10mM), G5 mM +
hypothermia, and ischemia-like conditions (hypoxia + glucose-free). The
ordinate is the average ATP concentration (in mmol ATP/kg protein) =+
S.EM. from four dissected parts of dentate gyri from hippocampus.
"Significantly different when compared with the control. *Significant differ-
ence between the 5 mM glucose and 5 mM glucose + hypothermia groups.

determined using HPLC. The basal level of glutamate
released in the medium is 1.17 £ 0.075 pM/mg protein.
After 10 min of incubation under ischemia-like conditions,
the released levels of glutamate modestly increase and
prominently increase after 30 min. The glutamate levels in
the medium with 5 mM glucose do not increase even after
30 min exposure to hypoxia (data not shown).

4. Discussion

Saitoh et al. (1994) found that the PS amplitude measured
from the granule cell of dentate gyrus from the guinea pig
hippocampus spontaneously recovered after a transient
blockade when glucose in the perfusion medium was
substituted with lactate. Kanatani et al. (1995) confirmed
that glucose metabolites such as fructose, pyruvate and
lactate preserved ATP and creatine phosphate levels in the
slices although the PS amplitude was not maintained. We
investigated further using intracellular recording techniques
and reported that the spontaneous recovery of synaptic
potentials following lactate substitution for glucose was not
observed in CA3 pyramidal neurons and that lactate could
not support synaptic potentials (Takata and Okada, 1995).
Early studies proposed that the decline of ATP levels is
responsible for the suppression of the synaptic potentials
during energy deprivation (Lipton and Whittingham, 1982;
Martin et al., 1994). However, the fact that synaptic
potentials cannot be supported despite the maintenance of
energy levels suggests that reduced ATP is not the only
explanation for the loss of synaptic potentials. We proposed
that there are distinct roles for anaerobic and aerobic
glycolysis and reported that there is a difference in the
mechanism by which synaptic potentials are suppressed
when the cells are deprived of glucose versus oxygen that
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cannot be explained solely by energy metabolism (Takata
and Okada, 1995). Furthermore, a switching mechanism
between anaerobic and aerobic glycolysis that is dependent
on the NMDA receptor and VSCCs (Takata et al., 2001) is
suggested since lactate can support synaptic potentials after
exposure to glucose deprivation (Sakurai et al., 2000; Takata
et al., 2001). Yamane et al. (2000) demonstrated that
damaged hippocampal slices containing low levels of ATP
could use lactate for maintenance of PS. Summarizing
these observations, the induction of lactate utilization for
maintenance of synaptic potentials is triggered by conditions
of limited glucose such that the energy source dependency
may change from glucose alone (adult form) to utilization of
glucose and/or lactate that may be called, immature form.

4.1. Effect of lowering glucose levels during hypoxia on
induction of lactate-supported PS

When lowering glucose levels to 5 mM in the perfusion
medium, exposure of the hippocampal slice to hypoxia
induces the utilization of lactate for the maintenance of PS.
This is in contrast with the result from the medium
containing 10 mM glucose, in which lactate cannot support
the PS amplitude (Fig. 1). The effect of lower glucose levels
is abolished by applying antagonists of the NMDA receptor
and the VSCC (Fig. 2) in the perfusion medium, omission of
Ca”* from the perfusion medium (Fig. 3), or introduction of
hypothermia during hypoxia (Fig. 4B). Because the
antagonists of the NMDA receptor and the VSCC block
the induction of lactate-supported potentials following
hypoxia, we propose that the activation of these channels
is necessary for the induction of lactate usage for
maintenance of PS as in the case of glucose deprivation
(Takata et al., 2001). Furthermore, the failure of lactate to
maintain PS after hypoxia exposure in calcium-free medium
supports the involvement of these channels.

4.2. Hypothermia also blocks the induction of lactate
usage for PS maintenance

We further examined the effect of hypothermia on the
induction of lactate utilization to support potentials.
Hypothermia reduces ischemic brain damage (Busto
et al,, 1987), and a small reduction in the temperature
significantly improves the recovery of field potentials and
retains the energy levels of hippocampal slices during
oxygen andfor glucose deprivation (Takata et al., 1997).
Furthermore, reducing the temperature from 35 to 30°C
reduces the rate of energy usage in these slices by about
30% (Okada, 1988). To simulate the conditions of energy
conservation during hypoxia, the temperature of the
incubator containing 5 mM glucose medium was reduced
to 30 °C (Fig. 4B). Hypoxia increases the basal level of the
PS amplitude (Aihara et al., 2001), reduces the PS decline
during hypoxia and prevents the induction of lactate usage
for PS maintenance (Fig. 4B). This indicates that the

mechanism used to preserve energy prevents the induction
of lactate usage for PS maintenance.

4.3, ATP levels in the dentate gyrus during hypoxia
with low glucose

Hypoxia induces an accelerated rate of glycolysis to
compensate for the lack of energy production from the TCA
cycle (a Pasteur effect). Although it also results the decline
of ATP levels of hippocampal slices (Fig. 5), the PS
amplitude shows full recovery after reintroduction of the
standard medium. Under ischemia-like conditions when the
ATP level falls to approximately 2 mmol/kg protein (Fig. 5),
the PS cannot be evcked again following recirculation of
normal oxygenated medium after up to 60 min (data not
shown). There may be a critical ATP level in the range of
2-5 mmol/kg protein in our experimental setting after which
the PS does not recover. Wang et al, (2000) reported that an
ATP level of approximately 1 nmol/mg dry weight protein
(note: wet weight protein is used in our report) determines
the reversibility of synaptic potentials in the CA pyramidal
neurons. In comparing the original ATP levels reported by
Wang et al. (2000) (6.1 nmol/mg protein) to our original
ATP levels {13.6 mmol/kg protein) the levels that determine
synaptic potential irreversibility may be similar (16% versus
15% of the original levels), We have found that the ATP level
is significant not only for determining whether synaptic
function can be recovered, but it is also correlated with the
energy source dependency (adult or immature form)
at higher levels (5 mmol ATP/kg protein or 37% of the
initial levels) under these experimental conditions. The
ATP levels are identical in experiments using 5 mM glucose
+ hypothermia to those using medium containing 10 mM
glucose under hypoxia (Fig. 5). This also explains the
inverse correlation of ATP levels and the induction of
lactate-supported PS.

4.4. Extracellular glutamate concentration
during hypoxia

We reported previously that a blockade of synaptic
potential during hypoxia alone was not accompanied with a
robust increase of intracellular calcium ([Ca**];), as in the
case of glucose deprivation or combined oxygen + glucose
deprivation (Takata and Okada, 1995). Compared with
combined oxygen + glucose deprivation, a hippocampal
slice exposed to hypoxia alone has the potential to recover
synaptic potentials in the presence of a sufficient supply of
glucose (Tian and Baker, 2000). The moderate decrease in
ATP levels compared with that seen under ischemia-like
conditions (Fig. 5) prevents the reverse action of the
glutamate transporter or blocks the glial glutamate
transporter (Erecinska and Dagani, 1990). It is surprising
that NMDA and VSCC antagonists prevent the induction of
lactate-supported PS in the apparent absence of extracellular
glutamate release during hypoxia under the conditions of
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lower glucose. However our measurement of the glutamate
in the medium may not precisely reflect the concentration of
extracellular glutamate in the slice. Using glutamate oxidase
attached to a micro-probe, we reported the increase of
extracellular glutamate from the CA3 dendritic region
10 min after the initiation of glucose deprivation (Takata et
al,, 1995) when the ATP levels in the slice are well preserved
(Takata and Okada, 1995). While these results indicate that
mild extracellular glutamate release triggering the induction
of lactate-supported PS may occur during hypoxia with
lower glucose levels, more detailed investigations will be
required to substantiate this observation.

In summary, our present experiments confirm our
previous conclusions that lactate cannot be utilized initially
as a primary substrate to maintain synaptic activity instead
of glucose in the adult hippocampal neurons, especially the
CA3 pyramidal neurons and the granular neurons of dentate
gyrus. It still remained to be proved that whether the CAl
pyramidal neurons show the similar characteristic with the
paradigm we used here in current experiment. However, the
significant point overlooked so far by other investigators is
that lactate can maintain energy levels in hippocampal
slices, but fails to be a complete alternative to glucose for the
maintenance of synaptic function in immediate prepared
slices (see Section 1, Yamane et al., 2000) and at
physiological temperature (35-37 °C). Moreover, condi-
tions of glucose shortage, such as hypoxia with reduced
glucose or glucose deprivation, triggers a shift in substrate
utilization from the adult form {glucose alone) to the
immature form (lactate as well as glucose, Wada et al.,
1997). We also previously demonstrated that pyruvate and
B-hydroxybutyrate as well as lactate could not sustain the
synaptic potential despite the fact that energy levels of the
slices were well-maintained in the adult neuron (Kanatani et
al., 1995; Wada et al., 1997). However, immature neurons
can maintain both synaptic activity and energy levels using
these substrates. Studying ‘this dynamic shift in energy
metabolism from the adult to the immature form in adult
neurons will have a great impact on the understanding of the
pathophysiology of neurons injured under post-ischemic or
degenerative conditions,
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Abstract
Geriatric medicine and long-term care insurance
Takashi Sakurai, Xiuzhen Song and Keichi Yokono

Long-term care insurance (LCI) started from April 2000 in Japan. LCI now occupies a central position in the health care
of the aged. We reviewed all original papers and reports on LCI published in 1996-2002. At the end of 2002, we searched for
papers on LCI in a computer database using the keyword of LCI, and found 3,606 papers. Authors and contents of each pa-
per were categorized using 54 kinds of keywords. Frequent authors were government agencies, care managers, physical
therapists, and physicians. When we analyzed these papers according to the places where LCI was used, more than 50% of
reports concerned LCI at home. Most frequent keywords were Government /LCI system, Regional health, Physician’ assessment
and grades for care, Care management, Care manager, and Rehabilitation. Care manager was less observed after the start of LCL In
contrast, the use of keywords including Care service, Dementia, Geriatric syndrome, Nurse, Institutional medicine, Hospital care,
Medicine for the aged, Terminal care, Dialysis therapy, Abuse of the aged, and Caregiver burden were increased after LCL At the
beginning of LCI, main concerns are on the new LCI system. However, more individual issues in the care of the aged are
now discussed. New issues such as Abuse of the aged and Caregiver burden have been recently raised. From these observa-
tions, the role of geriatric medicine seems also to be changing after the induction of LCL. We would now contribute actively
to crucial aspects of LCL such as comprehensive assessment of the aged, functional medical network with care staffs, and
new therapeutic approaches to each geriatric syndrome.

Key words ; Long-term care insurance, Geriatric medicine, Articles and reports
{Jpn ] Geriat 2004 ; 41:189—192)

Department of Internal and Geriatric Medicine, Kobe Graduate School of Medicine
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