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Introduction 
• An ideal system for sleep deprivation should encompass the following features:  

 A sleep deprivation stimulus mimicking gentle handling with minimal exercise  

 Automatic feedback based on sleep/wake state 

 Application of the stimulus within a  home cage environment 

 Inclusion of a yoked control   

 Ability to continuously apply sleep deprivation stimulus during long-term 

experiments 

• Many systems incorporating facets of this ideal setup have been described in the 

literature1,2,3. 

• To date, no single commercial system exists that is capable of providing an integrated 

solution.  

• Pinnacle Technology has developed a system for automated sleep deprivation 

(Pinnacle System 8229) (patent pending, #20090203958) that mimics gentle handling 

techniques without the need for constant human intervention.   

• In this experiment, we tested the functionality of the Pinnacle system to apply an active 

sleep deprivation stimulus to both an experimental animal and a yoked control using 

EEG-based feedback mechanisms. 

Methods 
• Ten young (age 11-13 wks)  wild-type C57Bl6 

mice were housed under a 12 hour light / 12 

hour dark cycle with food and water available 

ad lib. 

• All mice were surgically implanted with 

electroencephalograph (EEG) recording 

electrodes at the locations indicated (Figure 

1). Electromyograph (EMG) recording 

electrodes were placed bilaterally in the 

nuchal muscles. 

• Each mouse was recorded for 24 hour 

baseline, a 24 hour sleep deprivation period 

and a 12 hour recovery period (Figure 2).   
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Figure 3: Pinnacle 8229 Sleep deprivation 

apparatus. 

Conclusions 

References 

Support 
This research was supported by National Institute of Mental Health grant #:5R44MH076318-03 

The content solely the responsibility of the authors and does not necessarily represent the official view of the National Institute of Mental Health or those of the The National Institutes of Health.  

• During the 24 hour sleep deprivation period, SD mice averaged 66.5 ± 11.7 minutes of 

sleep while yoked control animals averaged three times that amount (179.0 ± 31.7 

minutes) (Figure 5). 

Results 

Figure 4: Pinnacle 8229 software operation of 

actively sleep deprived and yoked control mice. 
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Figure 1: Location of recording 

electrodes and AGND screw. 

• Following the baseline period, the experimental mouse was actively sleep deprived 

(SD) for 24 continuous hours beginning at lights on using a slowly rotating bar within 

the cage (Pinnacle 8229) (Figure 3).   

• Bar rotation was triggered only when  EEG activity of the actively sleep-deprived 

mouse demonstrated high EEG delta (0.5 – 4 Hz) activity and the EMG activity was 

reduced from waking levels.   

• An independently housed yoked control (YC) mouse was subject to the same bar 

rotation as the sleep-deprived mouse but was allowed to sleep ad lib at all other times 

(Figure 4). 

• To prevent acclimation to the sleep deprivation stimuli, the direction of bar rotation was 

randomly reversed every 30-90 sec.              

• EEG and EMG waveforms were recorded and analyzed using the Pinnacle 8206 

recording system and PAL-8229 software package (Pinnacle Technology Inc, 

Lawrence, KS).   

Figure 5: Sleep time comparisons during baseline sleep (orange) and 24 hour sleep deprivation period 

(red) for the sleep deprived group (a) and  yoked  control group (b). Bar height represents minutes of 

sleep in each 2 hour block.  Error bars represent S.E.M.   

a) 

b) 

Figure 7: NREM delta power in EEG channel #1 (top) and EEG channel #2 (bottom) averaged in 2 hours bins for the 

sleep deprived group (red) and yoked control group (orange).  NREM delta power was calculated as a percentage of 

individual average NREM delta power during the baseline period.  

• During the baseline period there was no difference in sleep times between either group 

(Table 1). 

Table 1: Baseline sleep times for the sleep deprived and yoked control group (mean +/- SEM). 

Figure 6: Sleep time comparisons during the 12 h recovery period between sleep deprived 

group (red) and yoked control group (orange).  * = P< 0.05 

• NREM delta power in both recorded EEG channels during the recovery sleep period 

was significantly  greater in the sleep deprived group (Figure 7). 

• During the 12 hour recovery sleep period, SD mice showed significantly more NREM sleep 

than YC mice.  Both groups demonstrated similar amounts of  REM sleep (Figure 6).   

• The Pinnacle 8229 system provides an effective method for instituting long-term sleep 

deprivation in a mouse model using active EEG feedback and a yoked control.     

• Yoked control animals subject to the identical sleep deprivation stimulus show a greatly 

reduced compensatory sleep response.  

• Pinnacle 8229 customizable software-based controls provide accurate, automated 

feedback to continually determine sleep/wake state and apply stimulus during long-term 

experiments. 
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Figure 2: Timeline of 

experimental 

procedure.  Each day 

is represented by one 

12 hour light and one 

12 hour dark period.   Connect 
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* 

Sleed Deprived 776.7 ± 30.8 578.6 ± 28.0 84.3 ± 3.5

Yoked Control 829.3 ± 21.6 529.3 ± 20.0 81.2 ± 2.8
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