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Abstract 

The microgravity of space has a number of detrimental effects on the central nervous system of astronauts and 
cosmonauts. This includes the development of increased intracranial pressure and cerebrospinal fluid volume, 
thickening of the meninges, attrition of gray matter and the number of neuronal synapses, aberrant astrocyte structure 
and function, changes in the morphology, distribution and proinflammatory activity of microglia, and detrimental effects 
on the ontogeny and functioning of oligodendrocytes and their precursor cells.    

In this article, I review what is known about the ontogeny, physiology and anatomy of astrocytes, microglia, neurons, 
oligodendrocytes, and oligodendrocyte precursor cells and detail the effects of microgravity and/or simulated 
microgravity on these key cellular elements of the central nervous system.  
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1. Introduction

All terrestrial forms of life have had millions of years to adapt to Earth’s gravity (9.8 m/sec2). Central nervous systems 
(CNS) constructed of astrocytes, microglia, neurons, oligodendrocytes and oligodendrocyte precursor cells are fully 
adapted to this gravity field. But man’s recent venture into space, where the force of gravity is one millionth of that on 
Earth, has thrown nature a curve ball, in effect rejecting these adaptations and replacing them with a new set of rules.    

The microgravity of space has a number of detrimental effects on the CNS of astronauts and cosmonauts. This includes 
the development of increased intracranial pressure and cerebrospinal fluid volume, thickening of the meninges 
(particularly the dura matter), attrition of gray and white matter and the number of neuronal synapses, and aberrant 
functioning of astrocytes, microglia, neurons, and oligodendrocytes [1-6].  

In this review, I discuss the effects of microgravity and simulated microgravity on the main cellular constituents of the 
central nervous system - astrocytes, microglia, neurons, oligodendrocytes and oligodendrocyte precursor cells.    

2. Materials and Methods

This narrative review is on the effect of microgravity on the central nervous system. The research strategy included the 
following: 1. defining the key topics; 2. identifying key words or synonyms that represent each of the key topics; 3. an 
online PubMed and Google Search of key topics and key words; and 4. a refinement of the search based on initial findings. 
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Data restrictions included articles with identical samples and identical outcomes, identical samples with different 
outcomes, increased samples and identical outcomes, and decreased samples with identical outcomes. Key topics 
included astrocytes, astrocytes and microgravity, brain, brain and microgravity, glial cells, glial  and microgravity, 
microglial cells, microglial cells and microgravity, neurons, neurons and microgravity, oligodendrocytes, 
oligodendrocytes and microgravity, and oligodendrocyte precursor cells, and oligodendrocyte precursor cells and 
microgravity. Keywords include microgravity; central nervous system; astrocytes; microglia; neurons; 
oligodendrocytes; oligodendrocyte precursor cells; astronauts; cosmonauts; spaceflight.  

3. Results 

3.1. Astrocytes   

Astrocytes comprise the majority of cells in the mammalian brain. They are involved in a wide range of functions, 
including the regulation of blood flow, ion balance, synaptic maturation, and the formation and maintenance of the 
blood-brain barrier. Additionally, they play an important role in the response to injury and inflammation [7]  

During embryonic development astrocytes are derived from ventricular zone radial glial cells in a complex and tightly 
regulated process that involves the interplay of multiple transcription factors and signaling pathways. This includes 
transcription factors sex determining region Y box 9 (Sox 9), oligodendrocyte 2 (Olig2), and NK2 homobox 2.2 (Nkx2.2), 
which are required for the generation of astrocytes in the spinal cord, as well as transcription factors  Forkhead box 
protein J1 (FoxJ1) and glutamine asparate transporter (Glast) which are involved in the differentiation of astrocytes in 
the brain. Additionally, the signaling pathways of neurogenic locus notch homolog protein 1 (Notch1) and brain 
morphogenic proteins (BMPs) have been shown to play crucial roles in regulating astrocyte specification and 
differentiation. Transcription factors inhibitor of DNA binding 4 (Id4) and platelet-derived growth factor receptor alpha 
(Pdgfra) are selectively expressed in subpopulations of astrocytes in the brain and spinal cord, suggesting that these 
cells may have specialized roles in the CNS [7-9].   

 

Figure 1 A microscopic view of a rodent astrocyte. A single rodent astrocyte can cover a spatial domain that ranges 
between 20,000 and 80,000 µm3, wrap multiple neuronal somata, associate with 300-600 neuronal dendrites, and 

contact ~100,000 individual synapses.  Image attributed to Eric A. Bushong, Maryann E. Martone, Mark H. Ellisman. 
PMID 15036382. Link CCDB 1063.  

Astrocytes generate a dense network of delicate processes that terminate on neuronal synapses. A single rodent 
astrocyte can cover a spatial domain that ranges between 20,000 and 80,000 µm3, wrap multiple neuronal somata, 
associate with 300-600 neuronal dendrites, and contact ~100,000 individual synapses. In humans, a single astrocyte 
can occupy a volume that is 30 times the volume seen in rodents while associating with ~ 2,000,000 synapses. They 
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display an array of neurotransmitter receptors and transporters by which they sense neuronal activity and direct 
morphological change [7-9] (Fig. 1).  

3.2. Astrocytes and Microgravity  

Microgravity has been shown to have a number of adverse effects on astrocytes. This includes alterations in their 
cytoskeletal organization and in their expression of genes involved in  differentiation and in the regulation of ion 
channels, neurotransmitter transporters, and extracellular matrix proteins. Additionally, simulated microgravity has 
been shown to alter astrocyte-neuron communication, which has implications for synaptic plasticity and cognitive 
functioning [10-12].   

3.3. Microglia   

Microglia are the resident immune cells of the CNS. They play a critical role in immune surveillance as well as in the 
maintenance of tissue homeostasis and neuronal function [13]. They originate from myeloid progenitor cells in the yolk 
sac and migrate to the CNS during the early stages of brain development where they undergo maturation and 
differentiation into regionally specific phenotypes [14]. They exist in different activation states ranging from a 
homeostatic (or "resting") state to various forms of activation, including proinflammatory (or "classical") activation and 
anti-inflammatory (or "alternative") activation [15].    

Microglia respond to a variety of environmental signals, including pathogen-associated molecular patterns (PAMPs), 
damage associated molecular patterns (DAMPs), cytokines, chemokines, neurotransmitters, and neuropeptides [16]. 
They play a critical role in neuronal function in part because of their ability to monitor and remove synapses (synaptic 
pruning) [17-19]    

 Microglial morphology varies depending on their degree of activation. When resting, these cells have a small, compact 
body and numerous branching processes. When activated, they retract their processes and assume a more ameboid 
shape (Fig. 2).   

 

Figure 2 A resting microglial cell. Note the small soma and multiple branching processes. Image attributed to Savage, 
J.C., St-Pierre, MK., Carrier, M. et al. Microglial physiological properties and interactions with synapses are altered at 

presymptomatic stages in a mouse model of Huntington’s disease pathology. J Neuroinflammation 17, 98 (2020). 
https://doi.org/10.1186/s12974-020-01782-9.  

3.4. Microglia and microgravity   

Studies have shown that exposure to microgravity can alter the morphology and activation of cortical microglia. They 
may exhibit a more rounded shape with shorter processes and reduced phagocytic activity. These changes are 
attributed to altered intracellular signaling and gene expression. Understanding the effects of gravity on microglia can 
help to improve our understanding of how these cells function and how to protect the CNS during spaceflight [20,21].  
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3.4.1. Neurons   

Neural progenitor cells arise during embryonic development from the neuroepithelium of the neural tube. They migrate 
from the ventricular zone to form the various regions of the brain and spinal cord, a process that is tightly regulated by 
a complex series of molecular signals, including growth factors and transcription factors [22-25].  

Neurons are responsible for receiving, storing, and transmitting information. They perform these functions by 
establishing multiple synapses with other neurons and with astrocytes and oligodendrocytes and by producing a variety 
of neurotransmitters including glutamate, gammaaminobutyric acid, acetylcholine, dopamine, serotonin, histamine, 
epinephrine, norepinephrine, endorphins, and substance P. They are essential for all nervous system functions, 
including perception, cognition, and movement [26-28].  

Neurons are characterized by their unique shape, which includes a cell body (soma), dendrites, and an axon (Fig. 3).  

 

Figure 3 Two neuron somas with their axons and dendrites. Image attributed to Sergb95 - Own work, CC BY-SA 4.0, 
https://commons.wikimedia.org/w/index.php?curid=72569606   

3.4.2. Neurons and microgravity   

Neurons undergo changes in their excitability, synaptic transmission, and plasticity in the microgravity of spaceflight. 
This includes a reduction in their firing rates as well as alterations in their membrane properties and synaptic protein 
expression. Studies using simulated microgravity models, such as rotating wall vessels or clinostats, have demonstrated 
similar effects on neuronal function and structure. These findings suggest that exposure to microgravity or simulated 
microgravity can induce modifications in the neuronal network, potentially impacting cognitive functions and overall 
brain health. [29-32].  

3.4.3. Oligodendrocytes    

Oligodendrocytes evolve from oligodendrocyte precursor cells (OPCs) in temporally distinct waves from the ganglionic 
eminences, the cortical ventricular zone and the outer subventricular zone of the developing brain [33]. In addition, 
Huang and associated have identified an EGFR expressing pre-oligodendrocytes that originates from outer radial glial 
cells thus providing an additional source of human cortical oligodendrocytes. The expression of the protoadhesion 15 
gene (PCDH15) by oligodendrocyte precursors serves to limit their expansion thereby contributing to oligodendrocyte 
homeostasis [34] .    

Oligodendrocytes are responsible for producing and maintaining the myelin sheath, the insulator of neuronal axons in 
the CNS. They are subdivided into interfascicular and perineuronal types. Interfascicular oligodendrocytes are aligned 
in rows between the nerve fibres of white matter whereas perineuronal oligodendrocytes are found in close proximity 
to the somata of neurons in grey matter. In addition to myelinating axons, oligodendrocytes are involved in the 
regulation of ion homeostasis, the formation of synapses, the maintenance of the blood-brain barrier, and learning and 
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memory. The myelin sheaths they produce are comprised of cholesterol and sphingolipids interspersed with myelin 
basic protein and proteolipid protein.  

3.4.4. Schwann cells perform similar functions in the peripheral nervous system [35, 36].   

Oligodendrocytes respond to a variety of environmental signals that promote their proliferation, differentiation, 
migration, myelination and/or survival. These include platelet derived growth factors [37], the proinflammatory 
cytokines tumor necrosis factor-alpha and interleukin-6 [38] and extracellular matrix proteins including laminins 
(positive regulators) and fibronectin, tenascin-C, hyaluronan, and chondroitin sulfate proteoglycans (negative 
regulators) [39] . Neuronal synaptic activity has also been shown to influence oligodendrocyte proliferation and 
myelination [40].   

The size of oligodendrocytes may vary depending on their location. Generally, they have a cell body diameter ranging 
from 4 to 10 micrometers with processes that can extend for several millimeters. They have dense nuclei and 
cytoplasms and display a variable number of myelin forming processes (myelin internodes). They lack cytoplasmic 
glucose and fibrils but have large numbers of microtubules in their internode channels. These channels allow for the 
exchange of nutrients and signaling molecules between the soma and its internodes  (Fig. 4).    

 

Figure 4 This microscopic image of mouse oligodendrocytes shows the distribution of myelin associated glycoprotein 
(green) on outspread fine cellular ramifications with multiple intersections. The oligodendroglial lineage marker Olig2 

(red) is located in the cell nuclei. Image courtesy of  Chih-Yen Wang/Lee, Baylor College of Medicine.      

3.4.5. Oligodendrocytes and microgravity  

Several studies have investigated the effect of microgravity on oligodendrocyte structure and function. 
Oligodendrocytes flown on the International Space Station experienced changes in their morphology, in their ability to 
produce myelin, and in their expression of genes involved in myelination. Similar effects were noted when 
oligodendrocytes were subjected to conditions of simulated microgravity [41]. In addition, Kim and associates found 
that microgravity induced proteomic and metabolomic changes in rat brain oligodendrocytes [42]. Notably, Sherman 
and associates note that microgravity-associated changes in oligodendrocyte homeostasis may contribute to the 
cognitive and neurological changes observed in astronauts and cosmonauts during spaceflight [43].    

3.4.6. Oligodendrocyte precursor cells (OPCs)   

The differentiation of oligodendrocyte precursor cells into oligodendrocytes is a complex process that involves multiple 
stages. Under optimal conditions, OPCs can differentiate into oligodendrocytes within a few days to a week in response 
to various growth factors, extracellular matrix proteins, neuronal activity, inflammatory signals, neurotransmitters, 
neuropeptides, and lipids. OPCs play an important role in modulating immune responses in the CNS and promoting 
neuroprotection and repair following injury. They also play a role in regulating synaptic plasticity, learning and memory 
[44-46].    

OPCs are bipolar cells with a small cell body and two processes: a leading process and a trailing process. The leading 
process is a long, thin projection that extends from the cell body and moves towards the axon of a neuron. The trailing 
process is shorter and thicker than the leading process and extends in the opposite direction towards the cell body. 
OPCs also have numerous filopodia, which are thin, finger-like projections that extend from the leading process and are 
involved in the process of myelination (Fig. 5).   
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Figure 5 Electron micrograph of a cortical astrocyte, oligodendrocyte, and oligodendrocyte precursor cell. Note the 
dense nucleus and the myelin fragments in the cytoplasm of the oligodendrocyte. The perikaryal cytoplasm of the 

oligodendrocyte precursor cell contains a few polyribosomes and mitochondria. Myelinated nerve fibers are scattered 
throughout the image. Image courtesy of Glenn Kageyama, Boston University, Boston, Massachusetts, USA.   

3.4.7. OPCs and microgravity  

A study published in the journal npj Microgravity in 2019 looked at the effects of microgravity on OPCs. The study used 
a simulated microgravity system to expose OPCs to conditions similar to those experienced in space. The researchers 
found that microgravity increased the proliferation of OPCs but reduced their differentiation into mature 
oligodendrocytes. Similarly, a study using clinostat-simulated microgravity demonstrated that OPCs showed decreased 
proliferation and increased differentiation into astrocytes.  The study also found changes in the expression of genes 
involved in the process of myelination [47, 48].   

4. Discussion 

In this review, I have detailed the many adverse effects that microgravity and simulated microgravity can have on the 
major cellular constituents of the CNS. Under conditions of microgravity, astrocytes, microglia, neurons, 
oligodendrocytes, and oligodendrocyte precursors undergo changes in structure and in the expression of genes 
essential for their maintenance of homeostasis. It is likely that these changes contribute to the cognitive, sensory and 
motor difficulties astronauts and cosmonauts experience while in space, including the negative impact of space travel 
on attention, memory, and decision-making skills [1-6, 49-53]. Understanding these changes at the cellular level is 
crucial for developing effective countermeasures to maintain optimal central nervous system performance during space 
missions.  

One major change observed during space flight is a cephalad shift in body fluids. This may lead to an increase in 
intracranial pressure and ocular changes including globe flattening, choroidal folding, optic disc edema, and optic nerve 
kinking (the Visual Impairment and Intracranial Pressure (VIIP) syndrome) [54]. On Earth, an increase in intracranial 
pressure may result in a variety of neurological disturbances, including visual changes and alterations in cognitive and 
motor functioning similar to those seen in the IIHS syndrome [55]. Frontal lobe biopsies in patients with idiopathic 
intracranial hypertension have shown evidence of cortical astrogliosis and scattered activation of microglial cells, the 
latter indicative of an inflammatory response. Also noted are signs of neuronal injury including synaptic stripping, 
neuro-axonal swellings and axonal torpedos  [56]. And Campos-Ordonez and associates documented a reduction in the 
number of oligodendrocyte precursor cells and oligodendrocytes in the corpus callouses of mice with experimentally 
induced normal pressure hydrocephalus [57]. Thus cephalad shifts in body fluids during spaceflight have the potential 
to impair CNS cellular functions beyond the effect of microgravity alone. In this regard, lower body compression systems 
are now being employed by NASA to prevent cephalad fluid shifts in astronauts during spaceflights [58]. 

The first animals to develop centralized nervous systems may have been the ctenophores, also known as comb jellies. 
They are gelatinous marine invertebrates that move through the water by cilia. Ctenophores are considered to be one 
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of the earliest animals and are the predecessors of the cnidarians, a group that includes jellyfish, sea anemones, and 
corals. Fossil evidence suggests that ctenophores arose in the Precambrian period ~700-800 million years ago, whereas 
cnidarians first emerged during the Ediacaran period, approximately 635-542 million years ago [59].    

Ctenophores have an elaborate nervous system consisting of a subepithelial nerve net, mesogleal neurons, a sensory 
aboral organ, tentacle nerves, and a diffuse network of sensory cells. While the evolution of the nervous systems in 
ctenophores and cnidarians is not fully understood, it is thought to have paved the way for the development of more 
complex nervous systems in later animal groups, including vertebrates [59].   

It is ironic that the first central nervous systems developed in animals that spent their entire life submerged in water 
or, physiologically speaking, in a world of simulated microgravity. Man is now challenged by the need to adapt to these 
very same conditions. The urgency to do so is exemplified in his plans to colonize the moon (16.6% of Earth’s gravity = 
1.622 m/s2) and, eventually, Mars (38% of Earth’s gravity = 3.71 m/s2).   

5. Conclusion 

Under conditions of microgravity, astrocytes, microglia, neurons, oligodendrocytes, and oligodendrocyte precursors 
undergo changes in structure and in the expression of genes essential for their maintenance of homeostasis. It is likely 
that these changes contribute to the cognitive, sensory and motor difficulties astronauts and cosmonauts experience 
while in space, including the negative impact of space travel on attention, memory, and decision-making skills. 
Understanding these changes at the cellular level is crucial for developing effective countermeasures to maintain 
optimal central nervous system performance during space missions.  

Compliance with ethical standards 

Acknowledgments 

The author is grateful to the Department of Medical Education for its support.   

Disclosure of conflict of interest 

No conflict of interest to be disclosed.  

References  

[1] Roy-O’Reilly M, Mulavara A, Williams T. Review of alterations to the brain during spaceflight and the potential 
relevance to crew in long-duration space exploration. npj Microgravity. 2021; 7 
https://doi.org/10.1038/s41526-021-00133-z.   

[2] Van Ombergen A, Demertzi A, Tomilovskaya E, Jeurissen B, Sijbers J, Kozlovskaya IB, et. al. The effect of 
spaceflight and microgravity on the human brain. J Neurol. 2017;264 (Suppl 1):S18S22. doi 10.1007/s00415-
017-8427-x.  

[3] Hupfeld KE, McGregor HR, Reuter-Lorenz PA, Seidler RD. Microgravity effects on the human brain and behavior: 
dysfunction and adaptive plasticity. Neurosci Biobehav Rev. 2021;122:176189.  

[4] Van Ombergen A, Laureys S, Sunaert S, Tomilovskaya E, Parizel PM, Wuyts FL. Spaceflight induced neuroplasticity 
in humans as measured by MRI: what do we know so far? Npj Microgravity. 2017;3:2; doi:10.1038/s41526-016-
0010-8.  

[5] Uva BM, Masini MA, Sturla M, Prato P, Passalacqua M. An overview of the effects of microgravity on human brain 
cells: From behavior and gene expression to cell signaling. J Gravit Physiol. 2015; 22(1): 17-32.   

[6] Garrett-Bakelman, F. E., Darshi, M., Green, S. J., Gur, R. C., Lin, L., Macias, B. R., Levine, S. M. (2019). The NASA 
Twins Study: A multidimensional analysis of a year-long human spaceflight. Science, 364(6436), eaau8650. 

[7] Freeman MR. Specification and morphogenesis of astrocytes. Science. 2010; 330(6005):774-778. 
doi:10.1126/science.1190928.  

[8] Bayraktar OA, Fuentealba LC, Alvarez-Buylla A, Rowitch DH. Astrocyte development and heterogeneity. Cold 
Spring Harb Perspect Biol. 2014; 7(9):a020362. doi: 1101/cshperspect.a020362. PMID: 25183705.   



International Journal of Frontline Research and Reviews, 2024, 02(01), 009–018 

16 

[9] Khakh, B S, Sofroniew, M V. Diversity of astrocyte functions and phenotypes in neural circuits. Nature 
Neuroscience. 2015; 18(7): 942-952.   

[10] Moore S, Freeman J. Effects of simulated microgravity on astrocyte morphology and cytoskeleton. J. Gravitational 
Physiol. 2003;10(1):215-6.  

[11] Zhang H, Wang L, Qian A, Zhang S, Liu Y. Effects of simulated microgravity on gene expression and biological 
functions of human brain astrocytes. Scientific reports. 2019; 1: 15552.  

[12] Mousavi K, Forouzanfar M, Ghiasi RA, Afarideh H, Koohi-Hosseinabadi O, Bahrami B, et. al.  Microgravity and 
astrocytes, Front Cell Neurosci. 2020;14:612483.  

[13] Tay TL, Savage JC, Hui CW, Bisht K, Tremblay MÈ. Microglia across the lifespan: from origin to function in brain 
development, plasticity and cognition. J Physiol. 2017;595(6):1929-45.   

[14] Ginhoux F, Prinz M. Origin of microglia: current concepts and past controversies. Cold Spring Harbor Perspectives 
in Biology. 2015; 7(8): a020537.   

[15] Li Q, Cheng Z, Zhou L, Wang LD, Guo L, Kan Z, et. al. Developmental heterogeneity of microglia and brain myeloid 
cells revealed by deep single-cell RNA sequencing. Neuron. 2019;101(2):207-23.  

[16] Ransohoff RM, Perry VH. Microglial physiology: unique stimuli, specialized responses. Ann. Rev. Immunol. 2009; 
27:119-45.   

[17] Hanisch U-K, Kettenmann H. Microglia: active sensor and versatile effector cells in the normal and pathologic 
brain. Nat Neurosci. 2007;10(11):1387-94.   

[18] Pocock JM, Kettenmann H. Neurotransmitter receptors on microglia. Trends Neurosci. 2007; 30(3):127-34.   

[19] Nimmerjahn A, Neher JJ. Microglia: the bridge between brain activity and brain function. Science. 
2019;363(6422):eaav0550. doi:10.1126/science.aav0550.   

[20] Wu L J, Hargreaves I P, Rao MS. The effect of gravity on microglia: A review of the current understanding. Acta 
Astronautica. 2019; 158: 71-77. doi: 10.1016/j.actaastro.2018.12.035  

[21] Pecaut MJ. Effects of spaceflight and simulated microgravity on immune cells. Internat. J.  Mol. Sci. 2020; 21(23): 
8994.   

[22] Kriegstein A, Alvarez-Buylla A. The glial nature of embryonic and adult neural stem cells. Annual Review 
Neuroscience. 2009; 32:149-184.  

[23] Lui J H, Hansen DV, Kriegstein A R. Development and evolution of the human neocortex. Cell. 2011;146(1): 18-
36.  

[24] Ming G L, Song H. Adult neurogenesis in the mammalian brain: significant answers and significant questions. 
Neuron. 2011;70(4): 687-702.  

[25] Rakic, P. Evolution of the neocortex: a perspective from developmental biology. Nature Reviews Neuroscience. 
2009; 10(10): 724-735.  

[26] Herculano-Houzel S. The human brain in numbers: a linearly scaled-up primate brain. Front. Human 
Neuroscience. 2009; 3: 31.   

[27] Purves D, Augustine G J, Fitzpatrick D, Hall W C, LaMantia A S, McNamara, J O, White L E. Neuroscience. 2018; 
Sinauer Associates, Incorporated.   

[28] Stevens C F. An evolutionary scaling law for the primate visual system and its basis in cortical function. Nature. 
2001; 411(6834): 193-195.   

[29] Ranjan A, Behan J, Mallick B. The effects of microgravity on the development of morphology and synaptic 
transmission of rat CA1 pyramidal neurons. Neuroscience. 2004;126(3): 405-11.   

[30] Khira Y, Kawano T, Kohara K, Kawanaka N, Tabata K, Fukuda T, et. al. Hindlimb unloading disrupts the 
presynaptic terminal and the synaptic cleft of the neuromuscular junction of the rat. Acta Physiologica. 2013; 
207(2): 346-57.   

[31] Yang, T., Li M, Li W, Liu X, Yang J, Wu X, et. al. Simulated microgravity alters the morphology and expression of 
synaptic proteins in cultured neurons. Acta Astronautica. 2014; 94(2): 789-97.   



International Journal of Frontline Research and Reviews, 2024, 02(01), 009–018 

17 

[32]  Rucci, V, Tosi G, Bonfiglio T, Cimini D. Effects of microgravity on the neuronal morphology and network 
architecture. Frontiers in Systems Neuroscience. 2017;11: 78. doi: 10.3389/fnsys.2017.00078).  

[33] Dawson MR, Polito A, Levine JM, Reynolds R. NG2-expressing glial progenitor cells: an abundant and widespread 
population of cycling cells in the adult rat CNS. Molecular Cellular Neuroscience. 2003; 24(2): 476-488.  

[34] Huang J K, Fancy S P. Oligodendrocytes: multi-faceted support cells in the central nervous system. Current 
Opinion in Neurobiology. 2015; 32: 85-9.    

[35]  Nishiyama A, Komitova M, Suzuki R, Zhu X. Polydendrocytes (NG2 cells): multifunctional cells with lineage 
plasticity. Nature Reviews Neuroscience. 2009;10(1): 9-22.   

[36] Rowitch DH, Kriegstein AR. Developmental genetics of vertebrate glial cell specification. Nature. 
2010;468(7321): 214-222.   

[37] Armstrong RC. Growth factor regulation of oligodendrocyte development:  perspectives on signaling 
mechanisms. J. Neurocytology. 1998;27(6), 439-448.   

[38] Lin W, Popko B. Cytokine regulation of oligodendrocyte development and myelination. Developmental 
Neurobiology. 2009; 69(11): 704-714.   

[39] Orentas DM, Miller RH. Regulation of Oligodendrocyte Development. Molecular Neurobiology. 1998;18:247-259.  

[40] Gibson EM, Purger D, Mount C W, Goldstein A K, Lin G L, Wood L S, et. al. Neuronal activity promotes 
oligodendrogenesis and adaptive myelination in the mammalian brain. Science. 2014. 

[41] Li Y, Wang L, Zhou Y, Li Y,  Shi F. Clinorotation-induced simulated microgravity negatively affects morphology 
and functions of oligodendrocyte. J, Cellular Biochem. 2019; 120(3): 42944305.   

[42] Kim JH, Choi SH, Lee SH, Cho SR, Kim HS. (2018). Microgravity induces proteomic and metabolomic changes in 
rat brain astrocytes and oligodendrocytes. Intern. J. Mol. Sci. 2018;19(12): 3792.  

[43] Sherman DL, Brophy PJ. Mechanisms of axon ensheathment and myelin growth. Nature Rev. Neuroscience. 2005; 
6(9): 683-690.    

[44] Richardson WD, Young KM, Tripathi RB, et al. NG2-glia as multipotent neural stem cells: Fact or fantasy? Neuron. 
2011;70(4):661-673. doi:10.1016/j.neuron.2011.05.013  

[45] Simons M, Nave K-A. Oligodendrocytes: Myelination and axonal support. Cold Spring Harb Perspect Biol. 
2016;8(1):a020479. doi:10.1101/cshperspect.a020479  

[46] Dimou L, Gallo V. NG2-glia and their functions in the central nervous system. Glia. 2015;63(8):1429-1451.   

[47] Peng Y, Cao Y, Zhang S, Wang H, Abudupataer M, Liu J, et. al. Effects of simulated microgravity on oligodendrocyte 
precursor cells and its possible mechanisms. Journal of Cellular Physiology. 2021; 236(7): 5245-5256.   

[48] Lu T, Duan Y, Li Y, Li J, Zhang J, Wang H, Huang Y. (2020). Effect of microgravity on differentiation of 
oligodendrocyte precursor cells. Microgravity Science and Technology. 2020; 32(4): 527-534.   

[49] Garrett-Bakelman, F. E., Darshi, M., Green, S. J., Gur, R. C., Lin, L., Macias, B. R., ... & Levine, S. M. (2019). The NASA 
Twins Study: A multidimensional analysis of a year-long human spaceflight. Science, 364(6436), eaau8650. 

[50] Koppelmans, V., Bloomberg, J. J., De Dios, Y. E., Wood, S. J., Reuter-Lorenz, P. A., Kofman, I. S., Seidler, R. D. (2016). 
Brain plasticity and sensorimotor deterioration as a function of 70 days head down tilt bed rest. PLoS One, 11(8), 
e0161633. 

[51] Basner, M., Dinges, D. F., Mollicone, D., Ecker, A., Jones, C. W., Hyder, E. C., Czeisler, C. A. (2015). Mars 520-d mission 
simulation reveals protracted crew hypokinesis and alterations of sleep duration and timing. Proceedings of the 
National Academy of Sciences, 112(44), 13555-13560. 

[52] Koppelmans, V., Bloomberg, J. J., De Dios, Y. E., Wood, S. J., Reuter-Lorenz, P. A., Kofman, I. S., Seidler, R. D. (2016). 
Brain plasticity and sensorimotor deterioration as a function of 70 days head down tilt bed rest. PLoS One, 11(8), 
e0161633. 

[53] Basner, M., Dinges, D. F., Mollicone, D., Ecker, A., Jones, C. W., Hyder, E. C.,  Czeisler, C. A. (2015). Mars 520-d 
mission simulation reveals protracted crew hypokinesis and alterations of sleep duration and timing. 
Proceedings of the National Academy of Sciences, 112(44), 13555-13560. 

[54] Zhang, L-F., Hargens, A.R. (2018). Spaceflight-induced intracranial hypertension and visual impairment: 
pathophysiology and countermeasures.  Physiol Rev 98, 59–87. 



International Journal of Frontline Research and Reviews, 2024, 02(01), 009–018 

18 

[55] Binder, D. K., Horton, J. C., Lawton, M.T., McDermott, M. W. (2004). Idiopathic normal pressure hydrocephalus. 
Neurosurgery, 54, 538-552. 

[56] Eide, P. K. (2022)  The glia-neuro-vascular interface in definite idiopathic normal pressure hydrocephalus. Front. 
Cell. Neurosci. 16:981399. Doi:10.3389/fncel.2022.981399. 

[57] Campos-Ordoñez, S., González-Granero, S., Eudave-Patiño, M., Buriticá, J., Herranz-Pérez, V., Garcia-Verdugo, J.M., 
Gonzalez-Perez, O. (2023).  Normal pressure hydrocephalus decreases the proliferation of oligodendrocyte 
progenitor cells and the expression of CNPase and MOG proteins in the corpus callosum before behavioral deficits 
occur. Exp Neurol, 365, 11412. https://doi.org/10.1016/j.expneurol.2023.114412. 

[58] Kassel, R.D., Velichala, S.R., Ly, V., Macias, B.R., Lee, S.M.C., Watenpaugh, D.E., Hargens, A.R. (2023). Self-generated 
lower body negative pressure exercise, a low power countermeasure for deep-space missions. Life, 13, x. 
https://doi.org/10.3390/xxxxx. 

[59] Burkhardt P, Colgren J, Medhus A, Digel L, Naumann B, Soto-Angel JJ, et. al.  Syncytial nerve net in a ctenophore 
adds insights on the evolution of nervous systems. Science, 2023; 380: 293-297.   


