Introduction

Glucose is the primary energy source in the brain with levels varying in specific
regions with respect to sleep/wake activityl2.

Findings in humans? and rats* indicate lower glucose utilization by neurons and
glia in the frontal cortex during slow-wave sleep.

To better examine this phenomenon in a mouse model, we used a recently
developed turnkey EEG/EMG system with an integrated glucose biosensor to
simultaneously examine extracellular cerebral glucose along with EEG activity
during a continuous 24 hour period.

Methods

Eight wild-type C57Bl/6 mice (age 12-16 wks) were obtained from commercial
sources.

Mice were housed under a 12 hour light / 12 hour dark cycle (LD 12:12) for two
weeks with food and water available ad lib.
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Results

« Extracellular glucose concentration changes as a result of sleep/wake state (Figure 2).

* Following 10 min of NREM sleep, extracellular glucose levels are 0.13 + 0.03 mM
higher than during the preceding wake period (Figure 3).
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Figure 2: Glucose concentration change (orange dots ) plotted in conjunction with sleep/wake stage
changes (solid line) in a single mouse during asix  hour period.

Figure 6: Glucose concentration change averaged in
transition. EEG (red and black traces) and EMG (bl ue trace) activity is shown in the background.
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Figure 4: a) Brain glucose response in a single mou  se to a saline injection (ed) and glucose injectio  n
(2g/kg) (blue). b) Glucose and saline response acr  oss all mice (n=8). Bars represent S.EM. *= P <0. 05; ttest

« Glucose levels were averaged over each 10 sec. epoch and correlated with Conclusions
sleep/wake state.

* These data represent the first successful measurement of simultaneous EEG and
extracellular glucose in a mouse model.

* Glucose bolus injections increased brain glucose levels by an average of 0.15 + 0.04mM
(Figure 4a, b).
« Changes in glucose concentration were

. T « This increase was significantly larger than saline control injections which increased
calculated using postcalibration values for

glucose by only 0.05 + 0.01mM (Figure 4b).

Extracellular glucose in the prefrontal cortex changes in response to sleep state.
Transition from waking to NREM sleep results in an increase while transition from
sleep to waking results in a decrease.

individual sensors. In instances when
postcalibration was unavailable, sensor
precalibration values were used.

.

The measured glucose levels represent the change in available extracellular glucose.
This may result from either alterations in glucose delivery, cellular glucose uptake or
a combination of the two.
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Figure 1: Location of cannula (blue), Ag/AgCl recor  ding electrode (black) and recording screws for EEG  (red) on This research was supported by National Institutes of Health grant #:5R44MH076318-03

Figure 5: Diagram of construction and mechanism of ~ action of the glucose biosensor. Glucose molecules,
the mouse skull

catalyzed by glucose oxidase, release H ,0,which is oxidized on a Pt electrode resulingina  change in electrical
current.



