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Introduction 

• Glutamate is the most abundant excitatory neurotransmitter in the 

mammalian nervous system. 

• Endogenous levels of glutamate recorded in the cerebral cortex using 

biosensor technology have been reported to rise during waking periods and 

REM sleep episodes in rats1,2. 

• Short (3 hour) sleep deprivation periods cause a sustained rise in brain 

glutamate concentration in rats1. 

• This study was designed to measure brain glutamate concentration under 

normal sleep and a 6 hour sleep deprivation period in a mouse model using 

an implanted biosensor. 

Methods 

Results (continued) 

Figure 6: Sample sleep deprivation data from a single mouse.  Sleep deprivation occurred during the period shown in blue 

shading.  Dots represent individual sleep epochs and color coding represents sleep sate (RED = wake, BLUE = NREM sleep, 

GREEN = REM sleep).   The Y axis indicates change in glutamate concentration.  The horizontal black  bar represents the 

time of lights-off  and the yellow bar represents lights-on.  

Conclusions 
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Results 

Figure 7: a) Individual plots of glutamate change during sleep deprivation from three 

mice. b) Average change in glutamate concentration during a six hour period of 

continuous wakefulness for all mice (n=6).  Glutamate concentration was averaged 

into 15 min sections.  Concentration changes were calculated by subtraction of the 

measured value from the average glutamate concentration five minutes prior to the 

waking episode.  Bars represent S.E.M., * = P<0.05, Fisher’s posthoc analysis RM-

ANOVA, DF=23, F= 8.198. 

• Glutamate concentrations rise significantly during extended waking periods and during 

REM sleep (Figures 4, 5). 

• During periods of extended waking, glutamate concentrations initially rise, then steadily 

decline after two hours (Figures 6, 7).   

• During recovery sleep, NREM delta power was elevated  to 115.9 ± 2.3% of baseline 

(P<0.001).  However, the decline in glutamate concentration during NREM sleep periods  

(-1.6  ± 0.4 µM) did not significantly differ from the control group (P=0.23).   

• Extracellular glutamate concentration in the prefrontal cortex of the mouse tends to rise 

during waking and decrease during extended sleep periods. 

• Elevated glutamate concentration declines after. 1.5 hours of continuous waking. 

• Similarity of these results to previously reported findings in the rat suggest a common 

mechanism for glutamate regulation during the sleep/wake process.  

• Twelve young (age 11-14 wks) male, wild-type C57Bl6 mice were obtained 

from commercial sources and housed under a 12 hour light / 12 hour dark 

cycle for two weeks with food and water available ad lib. 

• All mice were surgically implanted with electroencephalograph (EEG) and 

electromyograph (EMG) recording electrodes along with a guide cannula 

stereotaxically implanted in the M1 region of the frontal cortex (A/P + 1.94, 

M/L +1.5, DV -0.5) (Figure 1).  

• After recovery from surgery (1 wk), a glutamate biosensor (Figure 2) was 

inserted and glutamate levels were sampled at one second intervals.  

• In the baseline group (n=6) EEG and EMG waveforms along with continuous 

glutamate levels were recorded for an entire 24 hour light-dark cycle. 

• A second group (n=6) was actively sleep deprived for 6 continuous hours 

beginning at lights-on using a constant, slowly rotating bar (10 rev/min) within 

the cage (Pinnacle 8229) (Figure 3). To prevent acclimation to the sleep 

deprivation stimuli, the direction of bar rotation was randomly reversed every 

30-90 sec.              

Data Analysis:  

• EEG and EMG waveforms were recorded and analyzed using the Pinnacle 

8401 recording system and PAL-8400 software package (Pinnacle 

Technology Inc., Lawrence, KS). 

• All recorded waveforms were scored as 10 second epochs of WAKE, NREM 

or REM sleep. 

• Glutamate levels were averaged over each 10 second epoch and correlated 

with the sleep/wake state. 
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Figure 1: Location of cannula (blue), anchor screw  (black) 

and recording screws for EEG (red) on the mouse skull.  
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Methods (continued) 

Figure 3: Pinnacle 8229 sleep 

deprivation chamber.  

Figure 2: A working schematic of the L-glutamate biosensor, including 

biosensor dimensions.  L-glutamate, in the presence of water and oxygen, 

is converted into H2O2, NH3 and oxoglutaric acid by L-glutamate oxidase.  

The enzymatically produced H2O2 diffuses through the selective membrane 

to the Pt-Ir surface where it is oxidized at a potential of 0.6V vs. Ag/AgCl.  

L-Ascorbate and other electroactive interferents are excluded from the Pt-Ir 

surface by two mechanisms:  (1) L-ascorbate oxidase, in the presence of 

oxygen, actively removes L-ascorbate by conversion to dehydroascorbate 

and water (neither of which are electroactive at 0.6V vs. Ag/AgCl), and (2) 

remaining L-ascorbate and other endogenous electroactive interferents are 

further retarded by an inner-selective membrane.   

  

Figure 4: Baseline sleep data and simultaneous glutamate concentration changes in three mice over the 12 hour lights-on 

recording period.  Dots represent individual sleep epochs and color coding represents sleep sate (RED = wake, BLUE = NREM 

sleep, GREEN = REM sleep).   The Y axis indicates alterations in glutamate concentration.   

Figure 5: Average change in L-

glutamate concentration for all wake 

and sleep episodes greater than 15 min 

in duration.  Wake episodes were 

globally classified as periods of at least 

15 min in length where no more than 

five continuous minutes of SW sleep 

was present.  A wake episode was 

considered terminated when five or 

more continuous minutes of sleep (SW 

or REM sleep) was observed.  Sleep 

episodes were globally classified as at 

least 15 minutes of continuous sleep 

with both SW and REM sleep epochs 

contributing as part of the same sleep 

episode.  A sleep episode was 

considered terminated when five or 

more continuous minutes of wake 

activity was observed.   Bars represent 

S.E.M.  ** = P <0.005. ** 
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