
Age-related changes in phase-amplitude coupling between the frontal cortex and 
the hippocampus during NREM sleep in mice

Jimmy Hernandez1,2, Jonathan Dubé1,2, Jean-Marc Lina 2,3, Igor Timofeev4, Julie Carrier 1,2. 
1. Psychology Department, Université de Montréal; 2. Center for Advanced Research in Sleep Medecine, Hôpital du Sacré-Cœur de Montréal; 3. École de technologie supérieure 4. CERVO Brain Research Center, CIUSSS de la Capitale-Nationale

• Non-Rapid Eye Movement (NREM) sleep is characterized by three 
cardinal oscillations within distinct frequency bands (i.e. slow-waves (SW; 
0.25-2 Hz), sleep-spindles (SS; 10-16 Hz) and hippocampal sharp-wave 
ripples (SWR; 150-200 Hz)). 

• Several studies have proposed a fine temporal tuning between these 
oscillations which could reflect a physiological mechanism of memory 
consolidation during NREM sleep1,2. 

• Aging leads to desynchronization and uncoupling of SW and SS, which 
could predict impaired overnight memory consolidation3. 

Objective: Study the coupling between hippocampal SWR and frontal SW as 
well as SS between young and older healthy mice. 
Hypothesis: The coupling strength linking these frequency bands will be 
diminished in older mice compared to younger mice.

Discussion:
1- Coupling differences show a statistical trend between theta band and all other spectral bands. 
Significant difference between theta phase in the frontal cortex and beta amplitude in the hippocampus
(t(18) = -2,106, p < .05)
2- Trend towards significance in coupling difference between sigma and high-gamma (t(18) = 1.912, p
= 0.72)
3- Although no test were applied, a visual inspection of the comodulograms shows a higher variability
of coupling in old mice compared to young mice.
4- After inspecting coupling values for smaller bandwidth (1 Hz bandwidth, delta and sigma frequency
bands) for the phase-providing frequency, there were significant differences between:
- 3.5-4.5 Hz and HG (i.e. 150-200 Hz)
- 11.5-12.5 Hz and HG
5- Trend towards significance in coupling difference between 3-4 Hz and HG (p = 0.51)
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Method

• 10 young (mean age : 7.5 months) and 10 older (mean age : 15.5 months) 
C57BL\6 mice

• Custom-made local-field potentials (LFP) electrodes were implanted (5 
cortical sites and at CA1 hippocampal site)

• Data preprocessing:
• Artifact removal and semiautomated vigilance state detection of 24h recordings (Soltani et 

al., 2019, figure 1)
• Segmentation of NREM in 4s windows

• Modulation Index4 (figure 2)
• Amplitude-providing frequency: 5-200 Hz; 2 Hz increments, 2 Hz bandwidth
• Phase-providing frequency: 0.5-20.5 Hz; 0.5 Hz increments, 0.5 Hz bandwidth

• Statistical analysis
• Permutation testing (500 iterations) for z-valued MI and significance (p < 0.01; Bonferroni 

correction)
• Mixed model ANOVA for group comparison

Figure 1. One of the four thresholds to set by the 
user for the algorithm to determine sleep stages.

Figure 2. An individual example 
of the comodulogram generated 
by the computation of MI values 
across several frequency bands.


