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The fundamental relationship between the density of astrocytes and synaptic
transmission
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The astrocyte, a primary glial cell type, is involved in the formation and
maturation of synapses, and thus contributes to sustainable synaptic transmission between neurons.
Given that the animals in the higher phylogenetic tree have brains with a higher density of glial
cells for neurons, there is a possibility that the relative astrocytic density directly influences
synaptic transmission. Here we addressed it by using a primary culture preparation and patch-clamp
electrophysiology. Neurons with a higher astrocytic density showed a higher excitatory synaptic
transmission than that of neurons with a lower astrocytic density. The number of morphologically
identified glutamatergic synapses was unchanged, but the proportion of functional ones was
increased, indicating a lower ratio of presynaptically silent synapses. Taken together, the higher
astrocytic density enhanced excitatory synaptic transmission by increasing the fraction of
functional synapses through presynaptic un-silencing.



Neuroscience, 2006 in vitro

al., Neuron, 2004

0 ICR
ICR
1-10 20-30
CAl
evoked EPSC
mEPSC amplitude
No. of readily releasable pool
MAP2
z-stack
SIN
FM1-43®
FM1-43@

VGLUT1

1
Oberheim et al., TRENDS

Hama et
0

2
amplitude Pvr
mEPSC frequency

VGLUT1
VGLUTL
VGLUT1 MAP2



BioRxiv
URL
https://www.biorxiv.org/content/10.1101/2020.03.20.000166v1.full



10 9 1 3

Egashira N, Kubota N, Goto Y, Watanabe T, Kubota K, Katsurabayashi S, lwasaki K. 165

The antipsychotic trifluoperazine reduces marble-burying behavior in mice via D2 and 5-HT2A 2018

receptors: Implications for obsessive-compulsive disorder.

Pharmacol Biochem Behav 9-13
DOl

10.1016/j .pbb.2017.12.006

Nogami-Hara A, Nagao M, Takasaki K, Egashira N, Fujikawa R, Kubota K, Watanabe T, 214

Katsurabayashi S, Hatip FB, Hatip-Al-Khatib I, lwasaki K.

The Japanese Angelica acutiloba root and yokukansan increase hippocampal acetylcholine level, 2018

prevent apoptosis and improve memory in a rat model of repeated cerebral ischemia.

J Ethnopharmacol 190-196
DOl

10.1016/j . jep.2017.12.025

Kawano H, Oyabu K, Yamamoto H, Eto K, Adaniya Y, Kubota K, Watanabe T, Hirano-lwata A, Nabekura 143

J, Katsurabayashi S, lwasaki K.

Astrocytes with previous chronic exposure to amyloid (3 -peptide fragment 1-40 suppress 2017

excitatory synaptic transmission

J Neurochem 624-634
DOl

10.1111/jnc. 14247

Kubota K, Fukue H, Sato H, Hashimoto K, Fujikane A, Moriyama H, Watanabe T, Katsurabayashi S, 21

Kainuma M, lIwasaki K.

The Traditional Japanese Herbal Medicine Hachimijiogan Elicits Neurite Outgrowth Effects in 2017

PC12 Cells and Improves Cognitive in AD Model Rats via Phosphorylation of CREB.

Front Pharmacol. 1-9

DOl
10.3389/fphar.2017.00850




Masaki Nagao, Satoshi Yamano, Naoki Imagawa, Kentaro lgami, Toshitsugu Miyazaki, Hisatomi 6

Ito, Takuya Watanabe, Kaori Kubota, Shutaro Katsurabayashi, Katsunori lwasaki

Effect of Lactobacillus paracasei A221- fermented ginseng on impaired spatial memory in a rat 2019

model with cerebral ischemia and B - amyloid injection

Traditional & Kampo Medicine 96-104
DOl

10.1002/tkm2.1220

Kohei Oyabu, Hiroki Kiyota, Kaori Kubota, Takuya Watanabe, Shutaro Katsurabayashi, Katsunori 7

Iwasaki

Hippocampal neurons in direct contact with astrocytes exposed to amyloid (3 25-35 exhibit 2019

reduced excitatory synaptic transmission

IBRO Reports 34-41
DOl

10.1016/j .ibror.2019.07.1719

24
2019

Research 87-89
DOl

Iba H, Watanabe T, Matsuzawa K, Saimiya M, Tanaka M, Moriyama H, Kubota K, Katsurabayashi S, 42

Iwasaki K

Effect of yokukansan and yokukansankachimpihange on aggressive behavior, 5-HT receptors and 2019

arginine vasopressin expression in social isolation-reared mice

Biological and Pharmaceutical Bulletin 2009-2015

DOl
10.1248/bpb.b19-00499




Matsuda T, Irie T, Katsurabayashi S, Hayashi Y, Nagai T, Hamazaki N, Adefuin AMD, Miura F, Ito 101 (3)
T, Kimura H, Shirahige K, Takeda T, lwasaki K, Imamura T, Nakashima K.

Pioneer Factor NeuroDl1 Rearranges Transcriptional and Epigenetic Profiles to Execute Microglia- 2019
Neuron Conversion.

Neuron 472-485

DOl
10.1016/j -neuron.2018.12.010

Matsumura R, Yamamoto H, Hayakawa T, Katsurabayashi S, Niwano M, Hirano-lwata A. 8 (1)

Dependence and Homeostasis of Membrane Impedance on Cell Morphology in Cultured Hippocampal 2018

Neurons.

Scientific Reports 9905
DOl

10.1038/s41598-018-28232-0

11 2 6

20

2019

Oyabu K, Kiyota H, Kubota K, Watanabe T, Katsurabayashi S, lwasaki K

Excitatory synaptic transmission in hippocampal neurons is reduced by direct contact with astrocytes exposed to amyloid 3
25-35

The 6th Congress of Asian College of Neuropsychopharmacology

2019




Oyabu K, Kiyota H, Kubota K, Watanabe T, Katsurabayashi S, lwasaki K

The direct contact of astrocytes to neuron is critical for lowering excitatory synaptic transmission after the exposure of
amyloid B -protein 25-35 onto astrocytes

Society for Neuroscience meeting

2019

Shutaro Katsurabayashi, Kohei Oyabu, Kotomi Takeda, Kaori Kubota, Takuya Watanabe, Katsunori lwasaki

Glial assembly for regenerative medicine and brain transplant

2nd Mini-Symposium on The Blood-Brain Barrier from Basic to Clinical Research

2020

19

2018

27

2018




2018

Kohei Oyabu, Shutaro Katsurabayashi, Katsunori lwasaki

Excitatory synaptic transmission is modulated by the density of surrounding astrocytes

The 7th RIEC International Symposium on Brain Functions and Brain Computer

2019

Oyabu K, Kawano H, Yamamoto H, Eto K, Adaniya Y, Kubota K, Watanabe T, Hirano-lwata A, Nabekura J, Katsurabayashi S, lwasaki
K

Excitatory synaptic transmission is reduced by astrocytes previously exposed to amyloid B peptide fragment 1-40

The 9th Federation of Asian and Oceanian Physiological Societies Congress

2019

Oyabu K, Kiyota H, Kubota K, Watanabe T, Katsurabayashi S, lwasaki K

Excitatory synaptic transmission in hippocampal neurons is reduced by direct contact with astrocytes exposed to amyloid 3
25-35

The 6th Congress of Asian College of Neuropsychopharmacology

2019




Scnla

70

2017




