
Phagolysosomal activity of microglia in the sleep deprived mouse hippocampus 
Sophia Burns1,9, Janine Kox1,2, Katherine Picard1,4,5, Robert Havekes2,3, Marie Eve Tremblay1,3,4,5,6,7,8 August 25, 2022  

Introduction
Sleep is an involuntary and necessary physiological state that has invaluable benefits for mental and 
physical health. Despite this, a large portion of the population fails to maintain a sufficient amount of 
sleep, which can lead to many cognitive deficits. The hippocampal region of the brain is particularly 
sensitive to the effects of sleep deprivation (SD), such as a reduction in synaptic density and 
neuroinflammation. Interestingly, the synaptic changes due to SD in the hippocampus are region 
dependent, with the Cornu Ammonis (CA)1 region experiencing structural plasticity changes, but not 
the CA3 region. Microglia, the resident immune cells of the brain, are important players in synaptic 
plasticity and the modulation of neuroinflammation. Microglia are a highly heterogeneous cell 
group, with numerous varied functions and effects, and whose roles are altered by sleep deprivation. 
In this study, we aim to determine if microglial phagolysosomal activity is involved in hippocampal 
region-dependent synaptic deficits following acute sleep deprivation.
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Methods

Figure 1. Experimental design. Male C57BL/6J mice were sleep deprived for 5 hours through the gentle handling method. An immunostaining against
IBA1, a microglia and macrophage marker, and TMEM119, a marker more specific to microglia, was imaged using epifluorescence microscopy and 
was analyzed to identify infiltrating macrophages. Another double immunostaining was performed for IBA1, a microglia and macrophage marker, 
and CD68, another microglial marker specific to phagolysosomal activity, and imaged using confocal microscopy to examine potential phagocytosis 
involved in region-dependent synaptic deficits.
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Figure 5. Microglia in the CA1 region of the dorsal hippocampus of a sleep deprived 
male mouse imaged with electron microscopy at 5nm resolution. Scale bar is 
equivalent to 1 um. 

Figure 4. IBA1 stained microglial cell in the CA1 region of the dorsal hippocampus of a sleep 
deprived male mouse imaged brightfield at with 40x magnification. The scale bar is 
equivalent to 30 um. 

Key Terms
CA1
• Cornu Ammonis 1 region of the 

hippocampus
CA3
• Cornu Ammonis 3 region of the 

hippocampus
CD68
• Cluster of differentiation 68
EM
• Electron microscopy
IBA1
• Ionized calcium binding adaptor 

molecule 1
TMEM 119
• Transmembrane protein 119
SD
• Sleep deprivation

M
ic

ro
gl

ia
 m

or
ph

ol
og

y

This research was supported by the Valerie Kuehne Undergraduate Research Awards, University of 
Victoria, and supervised by Marie-Eve Tremblay under the Division of Medical Sciences.M

ic
ro

gl
ia

 u
ltr

as
tr

uc
tu

re

CD68

Internship Timeline

Figure 2. IBA1 (red) and TMEM119 (green) stained microglia in the CA1 (A, C) and CA3 (B, D) regions of the hippocampus imaged with epifluorescence microcopy at 20x 
magnification. Scale bar is equivalent to 100 um. White arrows: IBA1+/TMEM119- cells. E: a two way ANOVA was performed, and it was found that acute sleep 
deprivation did not induce myeloid cell infiltration. Data were expressed as a mean ± standard error of the mean. n=5 mice/group. 

Figure 3. CD68 (red) and IBA1 (green) stained microglia in the CA1 region of the hippocampus imaged using confocal microscopy at 63x magnification. Scale bar is equivalent  
to 10 um. White arrows: CD68 puncta/IBA1+ cell body. Using preliminary data, a two-way ANOVA was performed for CD68 puncta/IBA1+ cell bodies (C), cell processes (D) 
and combined cell bodies and processes (E). It was found that acute sleep deprivation did not induce significant microglial phagolysosomal activity. Data were expressed as a 
mean ± standard error of the mean. n=4-5 cells/region/group. Figure 6. Representative timeline of techniques, projects, collaborations and skills  learned during the internship. Image 

generated on Biorender. 
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Acute sleep deprivation in the CA1 and CA3 stratum radiatum
of male mice  did not induce:

• Peripheral myeloid cell infiltration
• Changes in microglial 

phagolysosomal activity


