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Summary.

Repeated activation of stress responses and elevated corticosteroids result in alterations of
neuronal physiology and metabolism, and lead to disturbances of normal connectivity between
neurons in various brain regions. In addition, stress responses are also associated with anomalies
in the function of glial cells, particularly astrocytes and oligodendrocytes, which in turn may
further contribute to the mechanisms of neuronal dysfunction. The actions of corticosteroids on
astrocytes are very likely mediated by the presence of intracellular and cell membrane-bound
CORT receptors. Although apparently less abundant than in astrocytes, activation of CORT
receptors in oligodendrocytes also leads to structural changes that are reflected in myelin
maintenance and plasticity. The close interactions between astrocytes and oligodendrocytes
through extracellular matrix molecules, soluble factors and astrocyte-oligodendrocyte gap
junctions very likely mediate part of the disturbances in myelin structure, leading to plastic myelin
adaptations or pathological myelin disruptions that may significantly influence brain connectivity.
Likewise, the intimate association of the tips of some astrocytes processes with a majority of
nodes of Ranvier in the white matter suggest that stress and overexposure to corticosteroids may
lead to remodeling of node of Ranvier and their specific extracellular milieu.
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Introduction

Significant exposure to the stress response results in profound functional and metabolic
alterations in specific brain areas (Nitschke et al., 2000; McEwen, 2007; Pruessner et al.,
2010; Radahmadi et al., 2017; van der Kooij, 2020). Some of these regions, such as the
anterior cingulate cortex, amygdala and hippocampus, are differentially affected by stress
modalities like those causing early life stress, repeated daily stresses, bereavement, or
loss of social status (Kaul et al., 2021). Eventually, disturbances in these brain areas are
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reflected in functional disruption of brain networks involved in establishing the salience

of environmental information, supporting cognitive and emotional processing or setting the
activity of default mode brain networks (Koch et al., 2016; Ebmeier and Zsoldos, 2019).
Since drastically increased levels of glucocorticoids (CORTS) is a major feature of the
immediate response to stress, human studies have also targeted the in vivo correlation

of specific brain activity/metabolic changes with CORTS increases and their time course
(Madalena and Lerch, 2017). Other research in human subjects has further shown the
ability of experimentally elevated CORTS to elicit structural or functional brain changes

in vivo (Lovallo et al., 2010; Schwabe et al., 2012; Strelzyk et al., 2012; Szeszko et

al., 2018), while work on postmortem human brain samples has examined cellular and
neurochemical alterations, such as glucocorticoid receptor abnormalities, associated with
stress and CORT elevation (Swaab et al., 2005; Wolf, 2006; Wang et al., 2014). Furthermore,
various animal models for the induction of stress responses by physical or social procedures
or by exogenously elevating systemic CORTS, have also demonstrated alterations in brain
activity and metabolism comparable to those detected in humans under stress or elevated
glucocorticoids (Kaul et al., 2021). In addition, animal in vivo research and in vitro

models have demonstrated cellular and molecular mechanisms responsible for functional
and structural alterations at the level of synapses, individual neurons or defined neuronal
populations resulting from exposure to high glucocorticoid levels (Yuen et al., 2012;
Treccani et al., 2014; McEwen et al., 2016; Qiao et al., 2016). More recently, given the
critical role of glial cells and the regulation of neuronal activity and survival, the scope

of stress research has significantly expanded to include the involvement of glial cells,

such astrocytes and oligodendrocytes in the pathophysiology of stress responses and the
alterations in brain circuits underlying the behavioral and neurological consequences of
stress and excess CORTS (Edgar and Sibille, 2012; Madalena and Lerch, 2017; Leng et

al., 2018; Cathomas et al., 2019; Murphy-Royal et al., 2019), although the importance of
glial involvement and its possible mechanisms has remained less studied overall. The present
review concentrates on the effects of stress and glucocorticoids on the biology of astrocytes
and oligodendrocytes as well as on the possibility that interactions between astrocytes

and oligodendrocytes represent a mechanism by which glial cells contribute to functional
alterations caused by excess glucocorticoid exposure.

Astrocytes in stress

In animal models of stress, and in psychiatric disorders with stress as a main risk factor,
research has revealed that astrocytes from various brain regions display significantly altered
morphology and neurochemistry as compared to non-stressed controls or non-psychiatric
subjects (Bender et al., 2016; Murphy-Royal et al., 2019). Different modalities of chronic
stress based on restraint, unpredictable stressors or social defeat in rodents have shown

that astrocyte numbers labeled with specific markers such as GFAP, and the extent of the
GFAP-positive processes stemming from astrocyte cell bodies, are reduced in various brain
regions including the prefrontal cortex and the hippocampus and that there is a reduction
also in the corresponding GFAP mRNA (Banasr and Duman, 2008; Liu et al., 2009; Banasr
et al., 2010; Araya-Callis et al., 2012; Imbe et al., 2012, 2013; Li et al., 2013; Tynan et al.,
2013). Similar results have been obtained by studying a rat strain, the Wistar Kyoto (WK)
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rats, that are more prone to show depression- and anxiety-like behaviors than other strains
(Gosselin et al., 2009). WK rats also demonstrate lower GFAP immunostaining and levels in
cortical and subcortical brain regions. In tree shrew, a marsupial mammal, the numbers and
cell body size of GFAP immunoreactive astrocytes are also smaller in the hippocampus after
stress caused by social defeat (Czeh et al., 2006).

A major feature of astrocyte biology is the establishment of gap junctions between
astrocytes or between astrocytes and oligodendrocytes to allow for direct diffusion-based,
intercytoplasmic exchanges of small metabolites and ions. These junctions are formed by
aggregates of channels directly putting in contact the cytoplasms of contiguous cells. Each
side of the channel is composed of cell type-specific proteins called connexins, six of these
subunits arrange around a channel (called connexon) that is contiguous with the connexon
formed by another six subunits in the membrane of the adjacent cell. The connexin subunits
of astrocytes that form their side of a majority of their gap junctions are connexin 43

(Cx43) or connexin 30 (Cx30). Chronic unpredictable stress (CUS) in rats was found to
reduce gap junction function, the Cx43 immunoreactivity of gap junction aggregates and

led to dramatic reductions in the expression of Cx43 and its mMRNA that were preventable

by treatment with glucocorticoid receptor antagonist mifepristone (Sun et al., 2012; Miguel-
Hidalgo et al., 2019), also preventing the expression of depression-like behaviors. More
recently, we observed that the density of Cx43 and Cx30 immunoreactive aggregates in
histological sections from the rat prefrontal cortex were depleted in CUS rats as compared to
non-stressed rats (Miguel-Hidalgo et al., 2018). In the same brain region immunostaining for
myelin basic protein (MBP) was also significantly reduced in CUS rats (Miguel-Hidalgo et
al., 2018) as compared to controls.

Oligodentrocytes in stress

The stress response has been proposed to aggravate myelin-related pathologies. At least
part of the stress effects on myelin formation and maintenance may be mediated by
alterations of oligodendrocyte physiology, metabolism and gene expression. For instance,

in the adult mouse the transcription of mMRNAs for myelin related proteins was significantly
altered by CUS or social stress (Laine et al., 2018; Liu et al., 2018; Cathomas et al.,

2019). Interestingly myelin and oligodendrocyte-related transcripts were decreased in the
prefrontal cortex and nucleus accumbens but increased in the corpus callosum (Liu et al.,
2018), suggesting a brain-region specific pathology. Also in the prefrontal cortex (but not

in the cerebellum) the thickness of myelin sheaths, as visualized by electron microscopy,
was found to be reduced in mice subjected to several weeks of social isolation, and this
change was partially reversible after re-socialization (Liu et al., 2012). Another study in
CUS mice revealed reductions in oligodendrocyte differentiation and the expression of
myelin proteins in the medial PFC that could be reversed by an exercise regime, which

has antidepressant-like effects (Luo et al., 2019). In a model of restraint stress, forebrain
myelin thickness was also smaller in restrained animals and was reversible by exposure to an
enriched environment (Thamizhoviya and Vanisree, 2019). Interestingly, in the medial PFC,
but not in the hippocampus, of adult mice exposed to social defeat stress during adolescence
there was a decrease in myelin basic protein, although the numbers of oligodendrocytes did
not change (Xu et al., 2020). In the gray matter, stress-related myelin alterations might be
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sex-dependent since exposure to traumatic stress in juvenile rats results in disturbances of
myelination in adult female but not male rats (Breton et al., 2021). Unlike chronic forms of
stress, acute exposure to a severe stressor in male rats induced avoidance behaviors that were
positively correlated with increased myelin proteins in the dentate gyrus of hippocampus,
while contextual fear learning was associated with increased myelin in the amygdala and
spatial processing portions of the hippocampus (Long et al., 2021). On the other hand,
induced-overexpression of oligodendrocyte transcription factor Oligl in the dentate gyrus
enhanced fear- related and anxiety-like responses. Interestingly, in human subjects severity
of PTSD symptoms was also found to be positively correlated with neuroimaging-based
estimates of myelin content in the amygdala and hippocampus, but not in the corpus
callosum (Long et al., 2021). The studies above thus suggest not only that stress affects
regional myelin parameters probably depending on whether it is acute or chronic, but also
that vulnerability to stress-related fear/anxiety behaviors may depend on the involvement of
oligodendrocytes and myelin in the responses to stress (Long et al., 2021).

Glucocorticoids and astrocytes

Astrocytes in both the white and gray matter have been found to carry glucocorticoid
receptors (Vielkind et al., 1990; Bohn et al., 1991; Vardimon et al., 1999) and the activation
of those receptors causes significant alterations of calcium transients and morphological
features in astrocytes in vitro and in vivo (Simard et al., 1999; Zeng et al., 2013).

Acute exposure of cultured cortical astrocytes results in the cell-specific and non-specific
regulation of MRNAs for many proteins following a particular time course after exposure
(Carter et al., 2012, 2013). Some research has been dedicated to the effects of astrocyte

GR activation by corticosterone on the expression of cytoskeletal protein GFAP, showing
that GFAP is transcriptionally regulated by CORT in vitro and influenced by coculture
with neurons (Rozovsky et al., 1995; Joshi and Benerjee, 2018). In vivo, CORT also
regulates the numbers of GFAP positive brain expression in the hippocampus (Bridges et
al., 2008; Lou et al., 2018) and these effects on astrocytes and behaviors were curtailed

by infusion of the GR antagonist mifepristone (Lou et al., 2018). Prolonged treatment

with glucocorticoids in vivo produces a decrease in GFAP protein and mRNA expression
in cortex and other various brain regions in rats (O’Callaghan et al., 1991). In addition,
chronic administration of corticosterone in mice induces a reduction in the number of
GFAP-immunoreactive astrocytes, the volume of their cell bodies, and the length of their
processes in the hippocampus (Zhang et al., 2015). In vitro, high levels of CORT or GR
agonist in mixed cultures (neurons, astrocytes and oligodendrocytes) appear not to reduce
the numbers of astrocytes or GFAP staining but their expression of connexin 43, a gap
junction protein crucial for astrocyte-to-astrocyte communication, is dramatically reduced
following repeated application of high glucocorticoid levels. Astrocytes both in the gray and
white matter express glutamate transporters and glutamine synthetase which are essential
for the reuptake and recycling of released glutamate. In WM glutamate is linked to the
activation of myelination. Glutamine synthetase in astrocytes is regulated by corticosteroids
(Vardimon et al., 1999) suggesting a pathway for the actions of CORT on myelination
through activation of astrocytic GRs.
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There has been significant research on the specific pathways activated by GRs in astrocytes
that would be involved in the pathological consequences of stress as a major risk factor

for depression and other psychiatric disorders. For instance, astrocyte-specific depletion

of GRs results in cognitive and behavioral deficits that have been associated with the

stress response, such as reduced expression of aversive memories (Tertil et al., 2018).
These effects were mediated by the dysregulation of stress-activated molecule Sgk1 which
participates in the regulation of glucose metabolism. Lactate production is a major process
depending on glucose metabolism in astrocytes that has been shown to depend also on
glucocorticoid activation. in the nucleus accumbens this lactate regulation appears to be

a major determinant for conditioned responses to morphine (Skupio et al., 2020). On

the other hand, activation of corticosteroid receptors of astrocytes leads to the release of
neuroinflammatory mediators such as high-mobility group box-1 (HMGB1), of importance
because neuroinflammation is considered a mechanism contributing to depression-like
behaviors (Hisaoka-Nakashima et al., 2020). This role of astrocyte glucocorticoid receptor
activation in neuroinflammatory regulation is also supported by the induction of lipocortin-1
in cultured rat astrocytes exposed to corticosteroid analog dexamethasone (McLeod and
Bolton, 1995).

Glucocorticoids, oligodendrocytes and myelin

Oligodendrocytes and oligodendrocyte precursor cells (OLP, also called NG2 cells) express
glucocorticoid receptors although their levels appear to be lower than in astrocytes (Vielkind
et al., 1990; Matsusue et al., 2014). Some of the available studies on the effects of increased
glucocorticoids or their analogs on oligodendrocytes and the myelin they form have found
that glucocorticoids play an inhibitory role in myelin formation as observed in both in vivo
and in vitro experimental systems (Meyer, 1983; Antonow-Schlorke et al., 2009; Jauregui-
Huerta et al., 2010). That role extends to oligodendrocyte precursors cells (OLP) which are
prevented from differentiating into full-fledged oligodendrocytes by the prolonged exposure
to glucocorticoids in both the brain and spinal cord (Alonso, 2000; Schroter et al., 2009).
However, it seems that at particular stages of development glucocorticoids stimulate or favor
the expression of myelin components such as MBP, PLP or GAPDH in oligodendrocytes by
different transcriptional mechanisms (Kumar et al., 1989). In disorders of myelin such as
MS, glucocorticoids are indicated to slow demyelination, although it is unclear whether the
effects are mediated by GRs in oligodendrocytes or are rather an indirect consequence of GR
activation in other cells or organs (Zivadinov et al., 2001). On the other hand, positive effects
of corticosteroids on the initiation of myelination or oligodendrocyte survival have been
shown in cell cultures after excitotoxicity or cell death induction, or in vivo after spinal cord
injury and at least some of these effects depend on the activation of GRs (Lee et al., 2008;
Xu et al., 2009; Sun et al., 2010), while in neuron/Schwann cell cocultures GR activation
seems to accelerate the initiation and rate of myelination (Chan et al., 1998). Besides

the effects of oligodendrocyte GRs on myelination GR activation in oligodendrocytes also
regulates the expression of metabolic and survival transcription factor Sgk-1 indicating a
significant involvement of oligodendrocyte plasticity in the responses to stress (Hinds et al.,
2017).
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Glucocorticoids in the interaction between astrocytes and

oligodendrocytes

In addition to the effects that corticosteroids may separately exert on astrocytes and
oligodendrocytes, effects of elevated glucocorticoids on myelination and oligodendrocyte
differentiation/proliferation may likely depend on disturbances of the interactions between
astrocytes and oligodendrocytes (Nutma et al., 2020; Tognatta et al., 2020), particularly
those based on their communication through gap junctions. In addition to homologous
astrocyte-to-astrocyte gap junctions (supported by connexins 43 and 30), astrocyte-to-
oligodendrocyte heterologous gap junctions are ubiquitous in the white matter. These
junctions are comprised of aggregates of astrocyte connexons (made each one of six

Cx43 or Cx30 subunits lining a pore across the cell membrane) interacting with the
corresponding connexons from oligodendrocytes (made each of 6 Cx47 or C32 subunits at
the oligodendrocyte membrane) (Giaume and McCarthy, 1996). Opposing connexons from
adjacent cells are in direct contact and define a channel for intercytoplasmic communication
between astrocytes and oligodendrocytes. Accumulating evidence has demonstrated that
myelin formation and stability is crucially dependent on those heterologous gap junctions
since mice with KO of one or more of the subunits forming astrocyte-to-oligodendrocyte
junctions display various levels of myelin vacuolization and disruption as well as grave
behavioral abnormalities (Lutz et al., 2009; Magnotti et al., 2011; Li et al., 2014; Basu and
Sarma, 2018). It is still unclear whether prolonged systemic alterations of glucocorticoids
modify myelin synthesis or repair through disturbances in astrocyte-to-oligodendrocyte
junctions. However, we have recently produced evidence that stress and high glucocorticoid
concentrations lead to reduction both in immunohistochemical labeling of myelin markers
and in the labeling of Cx43-positive aggregates in two different subdivisions of the
prefrontal cortex (Miguel-Hidalgo et al., 2018). The magnitude of Cx43 and myelin
changes detected associated with stress responses does not seem to be as large as that

in connexin KO animals. Nevertheless, mounting research suggests that the structure of
myelin is susceptible to undergo plastic changes within physiological parameters that result
in meaningful variations of neural function and brain connectivity (Nave, 2010; Nave and
Ehrenreich, 2014; Fields, 2015; Fields et al., 2015).

In addition, in cell culture experiments with a primary mixed population of neural

cells (astrocytes, oligodendrocytes and neurons) from the rat frontal cortex, myelination
was dramatically diminished by the repeated exposure to high corticosterone (Miguel-
Hidalgo et al., 2019). In the same conditions, there was a concomitant depletion of
astrocytic Cx43 immuno-histochemically labeled puncta, suggesting that both defective gap
junction communication and myelin formation ensue the exposure to repeated excessive
corticosterone. Effects both on myelin and on gap junctions were effectively prevented

by the application of mifepristone, a potent antagonist of glucocorticoid receptors (Miguel-
Hidalgo et al., 2019).

Astrocytes, although not exclusively, are also main contributors to extracellular matrix
components and their regulation in gray and white matter that surround the initial segments
(AISs) of myelinated axons (where action potentials are generated) and the nodes or Ranvier
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(NRs) (where action potentials are regenerated as they are carried to synaptic terminals)
(Dutta et al., 2018; Rasband and Peles, 2021). Proteoglycans such as Brall, versican,
brevican, phosphacan and other proteins are produced abundantly by astrocytes and they
associate with other ECM proteins, such as Tenascin R, eventually binding various motifs

in axonal membrane cell adhesion proteins at NRs and AlISs to stabilize and help with

the aggregation of voltage gated sodium channels in the axonal membrane (Bekku and
Oochashi, 2019; Rasband and Peles, 2021). In recent experiments on postmortem brain white
matter underlying the orbitofrontal cortex of human subjects we have generated preliminary
evidence of a significant increase in the levels of the fluorescent immunostaining for

the proteoglycan phosphacan at NRs and phosphacan levels that are concomitant with a
reduction in the length of NRs in subjects with depression as compared to non-psychiatric
controls (Miguel-Hidalgo et al., 2021), suggesting that ECM components at NRs associated
with astrocytes may be altered in subjects with depression and that those alterations may

be related to structural remodeling of myelin segments adjacent to NRs, although further
research is clearly required to fully ascertain the extent of those alterations and their putative
influence on physiological processes involved in connectivity changes.

It has long been known that growth factors, including neurotrophins, secreted by astrocytes
have an important role in regulating the myelination and remyelination processes (Moore

et al., 2011; Barnett and Linington, 2013; Kiray et al., 2016; Molina-Gonzalez and Miron,
2019). Given that corticosteroids are capable of regulating the release of astrocyte-derived
growth factors (Niu et al., 1997; Anacker et al., 2013; Karki et al., 2017), which in turn may
modulate myelin formation (Barateiro and Fernandes, 2014; Langhnoja et al., 2021), growth
factor-based regulation represents an additional mechanism by which astrocyte responses to
a stress-induced CORTS increase can affect myelin plasticity.

Conclusion

The association of astrocytes and oligodendrocytes through gap junction communication,
extracellular matrix components and trophic factors, and the ability of those two cell types
to respond to glucocorticoids through glucocorticoid receptors suggest that the interactions
between those glial cells may play a important role in the neural mechanisms of stress
responses (Fig. 1). Some of these interactions may be reflected in the reorganization of
myelin sheaths or the plasticity of de novo myelin production, while other glucocorticoid-
driven changes may affect the morphology of NRs or fundamental NR properties relevant to
action potential generation such as the aggregation of voltage-gated sodium channels and ion
diffusion regulation.

References

Alonso G (2000). Prolonged corticosterone treatment of adult rats inhibits the proliferation of
oligodendrocyte progenitors present throughout white and gray matter regions of the brain. Glia
31, 219-231. [PubMed: 10941148]

Anacker C, Cattaneo A, Luoni A, Musaelyan K, Zunszain PA, Milanesi E, Rybka J, Berry A, Cirulli
F, Thuret S, Price J, Riva MA, Gennarelli M and Pariante CM (2013). Glucocorticoid-related
molecular signaling pathways regulating hippocampal neurogenesis. Neuropsychopharmacology 38,
872-883. [PubMed: 23303060]

Histol Histopathol. Author manuscript; available in PMC 2023 January 23.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Miguel-Hidalgo

Page 8

Antonow-Schlorke I, Helgert A, Gey C, Coksaygan T, Schubert H, Nathanielsz PW, Witte OW and
Schwab M (2009). Adverse effects of antenatal glucocorticoids on cerebral myelination in sheep.
Obstet. Gynecol 113, 142-151. [PubMed: 19104370]

Araya-Callis C, Hiemke C, Abumaria N and Flugge G (2012). Chronic psychosocial stress and
citalopram modulate the expression of the glial proteins GFAP and NDRG2 in the hippocampus.
Psychopharmacology (Berl) 224, 209-222. [PubMed: 22610521]

Banasr M and Duman RS (2008). Glial loss in the prefrontal cortex is sufficient to induce depressive-
like behaviors. Biol. Psychiatry 64, 863-870. [PubMed: 18639237]

Banasr M, Chowdhury GM, Terwilliger R, Newton SS, Duman RS, Behar KL and Sanacora G (2010).
Glial pathology in an animal model of depression: Reversal of stress-induced cellular, metabolic
and behavioral deficits by the glutamate-modulating drug riluzole. Mol. Psychiatry 15, 501-511.
[PubMed: 18825147]

Barateiro A and Fernandes A (2014). Temporal oligodendrocyte lineage progression: In vitro
models of proliferation, differentiation and myelination. Biochim. Biophys. Acta 1843, 1917-1929.
[PubMed: 24768715]

Barnett SC and Linington C (2013). Myelination: Do astrocytes play a role? Neuroscientist 19, 442—
450. [PubMed: 23131748]

Basu R and Sarma JD (2018). Connexin 43/47 channels are important for astrocyte/ oligodendrocyte
cross-talk in myelination and demyelination. J. Biosci 43, 1055-1068. [PubMed: 30541963]

Bekku Y and Oohashi T (2019). Under the ecm dome: The physiological role of the perinodal
extracellular matrix as an ion diffusion barrier. In: Myelin: Basic and clinical advances. Sango K,
Yamauchi J, Ogata T and Susuki K (eds). Springer Singapore. Singapore. pp 107-122.

Bender CL, Calfa GD and Molina VA (2016). Astrocyte plasticity induced by emotional stress: A
new partner in psychiatric physiopathology?. Prog. Neuropsychopharmacol. Biol. Psychiatry 65,
68-77. [PubMed: 26320029]

Bohn MC, Howard E, Vielkind U and Krozowski Z (1991). Glial cells express both mineralocorticoid
and glucocorticoid receptors. J. Steroid Biochem. Mol. Biol 40, 105-111. [PubMed: 1659871]

Breton JM, Barraza M, Hu KY, Frias SJ, Long KLP and Kaufer D (2021). Juvenile exposure to acute
traumatic stress leads to long-lasting alterations in grey matter myelination in adult female but not
male rats. Neurobiol. Stress 14, 100319. [PubMed: 33937444]

Bridges N, Slais K and Sykova E (2008). The effects of chronic corticosterone on hippocampal
astrocyte numbers: A comparison of male and female wistar rats. Acta. Neurobiol. Exp. (Wars) 68,
131-138. [PubMed: 18511949]

Carter BS, Meng F and Thompson RC (2012). Glucocorticoid treatment of astrocytes results in
temporally dynamic transcriptome regulation and astrocyte-enriched mrna changes in vitro.
Physiol. Genomics 44, 1188-1200. [PubMed: 23110767]

Carter BS, Hamilton DE and Thompson RC (2013). Acute and chronic glucocorticoid treatments
regulate astrocyte-enriched mrnas in multiple brain regions in vivo. Front. Neurosci 7, 139.
[PubMed: 23966905]

Cathomas F, Azzinnari D, Bergamini G, Sigrist H, Buerge M, Hoop V, Wicki B, Goetze L, Soares S,
Kukelova D, Seifritz E, Goebbels S, Nave KA, Ghandour MS, Seoighe C, Hildebrandt T, Leparc
G, Klein H, Stupka E, Hengerer B and Pryce CR (2019). Oligodendrocyte gene expression is
reduced by and influences effects of chronic social stress in mice. Genes Brain Behav. 18, e12475.
[PubMed: 29566304]

Chan JR, Phillips LJ 2nd and Glaser M (1998). Glucocorticoids and progestins signal the initiation and
enhance the rate of myelin formation. Proc. Natl. Acad. Sci. USA 95, 10459-10464. [PubMed:
9724725]

Czeh B, Simon M, Schmelting B, Hiemke C and Fuchs E (2006). Astroglial plasticity in the
hippocampus is affected by chronic psychosocial stress and concomitant fluoxetine treatment.
Neuropsychopharmacology 31, 1616-1626. [PubMed: 16395301]

Dutta DJ, Woo DH, Lee PR, Pajevic S, Bukalo O, Huffman WC, Wake H, Basser PJ, SheikhBahaei S,
Lazarevic V, Smith JC and Fields RD (2018). Regulation of myelin structure and conduction
velocity by perinodal astrocytes. Proc. Natl. Acad. Sci. USA 115, 11832-11837. [PubMed:
30373833]

Histol Histopathol. Author manuscript; available in PMC 2023 January 23.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Miguel-Hidalgo

Page 9

Ebmeier KP and Zsoldos E (2019). Cerebral metabolism, brain imaging and the stress response. In:
Stress: Physiology, biochemistry, and pathology. Elsevier. pp 35-47.

Edgar N and Sibille E (2012). A putative functional role for oligodendrocytes in mood regulation.
Transl. Psychiatry 2, 109. [PubMed: 22832953]

Fields RD (2015). A new mechanism of nervous system plasticity: Activity-dependent myelination.
Nat. Rev. Neurosci 16, 756-767. [PubMed: 26585800]

Fields RD, Woo Dong H and Basser Peter J (2015). Glial regulation of the neuronal connectome
through local and long-distant communication. Neuron 86, 374-386. [PubMed: 25905811]

Giaume C and McCarthy KD (1996). Control of gap-junctional communication in astrocytic networks.
Trends Neurosci. 19, 319-325. [PubMed: 8843600]

Gosselin RD, Gibney S, O’Malley D, Dinan TG and Cryan JF (2009). Region specific decrease in glial
fibrillary acidic protein immunoreactivity in the brain of a rat model of depression. Neuroscience
159, 915-925. [PubMed: 19000745]

Hinds LR, Chun LE, Woodruff ER, Christensen JA, Hartsock MJ and Spencer RL (2017). Dynamic
glucocorticoid-dependent regulation of Sgk1 expression in oligodendrocytes of adult male rat
brain by acute stress and time of day. PLoS One 12, e0175075. [PubMed: 28376115]

Hisaoka-Nakashima K, Azuma H, Ishikawa F, Nakamura Y, Wang D, Liu K, Wake H, Nishibori M,
Nakata Y and Morioka N (2020). Corticosterone induces HMGBL release in primary cultured rat
cortical astrocytes: Involvement of pannexin-1 and P2X7 receptor-dependent mechanisms. Cells 9,
1068 [PubMed: 32344830]

Imbe H, Kimura A, Donishi T and Kaneoke Y (2012). Chronic restraint stress decreases glial fibrillary
acidic protein and glutamate transporter in the periaqueductal gray matter. Neuroscience 223,
209-218. [PubMed: 22890077]

Imbe H, Kimura A, Donishi T and Kaneoke Y (2013). Effects of restraint stress on glial activity in the
rostral ventromedial medulla. Neuroscience 241, 10-21. [PubMed: 23518226]

Jauregui-Huerta F, Ruvalcaba-Delgadillo Y, Gonzalez-Castaneda R, Garcia-Estrada J, Gonzalez-Perez
O and Luquin S (2010). Responses of glial cells to stress and glucocorticoids. Curr. Immunol. Rev
6, 195-204. [PubMed: 20729991]

Joshi PC and Benerjee S (2018). Effects of glucocorticoids in depression: Role of astrocytes. AIMS
Neurosci. 5, 200-210. [PubMed: 32341961]

Karki P, Johnson J Jr, Son DS, Aschner M and Lee E (2017). Transcriptional regulation of human
transforming growth factor-alpha in astrocytes. Mol. Neurobiol 54, 964-976. [PubMed: 26797516]

Kaul D, Schwab SG, Mechawar N and Matosin N (2021). How stress physically re-shapes the
brain: Impact on brain cell shapes, numbers and connections in psychiatric disorders. Neurosci.
Biobehav. Rev 124, 193-215. [PubMed: 33556389]

Kiray H, Lindsay SL, Hosseinzadeh S and Barnett SC (2016). The multifaceted role of astrocytes in
regulating myelination. Exp. Neurol 283, 541-549. [PubMed: 26988764]

Koch SB, van Zuiden M, Nawijn L, Frijling JL, Veltman DJ and OIff M (2016). Aberrant resting-state
brain activity in posttraumatic stress disorder: A meta-analysis and systematic review. Depress.
Anxiety 33, 592-605. [PubMed: 26918313]

Kumar S, Cole R, Chiappelli F and de Vellis J (1989). Differential regulation of oligodendrocyte
markers by glucocorticoids: Post-transcriptional regulation of both proteolipid protein and myelin
basic protein and transcriptional regulation of glycerol phosphate dehydrogenase. Proc. Natl.
Acad. Sci. USA 86, 6807-6811. [PubMed: 2475873]

Laine MA, Trontti K, Misiewicz Z, Sokolowska E, Kulesskaya N, Heikkinen A, Saarnio S, Balcells I,
Ameslon P, Greco D, Mattila P, Ellonen P, Paulin L, Auvinen P, Jokitalo E and Hovatta | (2018).
Genetic control of myelin plasticity after chronic psychosocial stress. eNeuro 5, ENEURO.0166—
0118.2018.

Langhnoja J, Buch L and Pillai P (2021). Potential role of ngf, bdnf, and their receptors in
oligodendrocytes differentiation from neural stem cell: An in vitro study. Cell Biol. Int 45, 432—
446. [PubMed: 33200854]

Lee JM, Yan P, Xiao Q, Chen S, Lee KY, Hsu CY and Xu J (2008). Methylprednisolone protects
oligodendrocytes but not neurons after spinal cord injury. J. Neurosci 28, 3141-3149. [PubMed:
18354017]

Histol Histopathol. Author manuscript; available in PMC 2023 January 23.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Miguel-Hidalgo

Page 10

Leng L, Zhuang K, Liu Z, Huang C, Gao Y, Chen G, Lin H, Hu Y, Wu D, Shi M, Xie W, Sun
H, Shao Z, Li H, Zhang K, Mo W, Huang TY, Xue M, Yuan Z, Zhang X, Bu G, Xu H, Xu Q
and Zhang J (2018). Menin deficiency leads to depressive-like behaviors in mice by modulating
astrocyte-mediated neuroinflammation. Neuron 100, 551-563 €557. [PubMed: 30220511]

Li YS, Hong YF, He J, Lin JX, Shan YL, Fu DY, Chen ZP, Ren XR, Song ZH and Tao L (2013).
Effects of magnolol on impairment of learning and memory abilities induced by scopolamine in
mice. Biol. Pharm. Bull 36, 764-771. [PubMed: 23445942]

Li T, Giaume C and Xiao L (2014). Connexins-mediated glia networking impacts myelination and
remyelination in the central nervous system. Mol. Neurobiol 49, 1460-1471. [PubMed: 24395132]

Liu Q, Li B, Zhu HY, Wang YQ, Yu J and Wu GC (2009). Clomipramine treatment reversed
the glial pathology in a chronic unpredictable stress-induced rat model of depression. Eur.
Neuropsychopharmacol 19, 796-805. [PubMed: 19616923]

Liu J, Dietz K, Deloyht JM, Pedre X, Kelkar D, Kaur J, Vialou V, Lobo MK, Dietz DM, Nestler EJ,
Dupree J and Casaccia P (2012). Impaired adult myelination in the prefrontal cortex of socially
isolated mice. Nat. Neurosci 15, 1621-1623. [PubMed: 23143512]

Liu J, Dietz K, Hodes GE, Russo SJ and Casaccia P (2018). Widespread transcriptional alternations in
oligodendrocytes in the adult mouse brain following chronic stress. Dev. Neurobiol 78, 152-162.
[PubMed: 28884925]

Long KLP, Chao LL, Kazama Y, An A, Hu KY, Peretz L, Muller DCY, Roan VD, Misra R, Toth
CE, Breton JM, Casazza W, Mostafavi S, Huber BR, Woodward SH, Neylan TC and Kaufer D
(2021). Regional gray matter oligodendrocyte- and myelin-related measures are associated with
differential susceptibility to stress-induced behavior in rats and humans. Transl. Psychiatry 11,
631. [PubMed: 34903726]

Lou YX, LiJ, Wang ZZ, Xia CY and Chen NH (2018). Glucocorticoid receptor activation induces
decrease of hippocampal astrocyte number in rats. Psychopharmacology (Berl) 235, 2529-2540.
[PubMed: 30069586]

Lovallo WR, Robinson JL, Glahn DC and Fox PT (2010). Acute effects of hydrocortisone on the
human brain: An FMRI study. Psychoneuroendocrinology 35, 15-20. [PubMed: 19836143]

Luo Y, Xiao Q, Wang J, Jiang L, Hu M, Jiang Y, Tang J, Liang X, Qi Y, Dou X, Zhang Y, Huang C,
Chen L and Tang Y (2019). Running exercise protects oligodendrocytes in the medial prefrontal
cortex in chronic unpredictable stress rat model. Transl. Psychiatry 9, 322. [PubMed: 31780641]

Lutz SE, Zhao Y, Gulinello M, Lee SC, Raine CS and Brosnan CF (2009). Deletion of astrocyte
connexins 43 and 30 leads to a dysmyelinating phenotype and hippocampal CA1 vacuolation. J.
Neurosci 29, 7743-7752. [PubMed: 19535586]

Madalena KM and Lerch JK (2017). The effect of glucocorticoid and glucocorticoid receptor
interactions on brain, spinal cord, and glial cell plasticity. Neural Plast. 2017, 8640970. [PubMed:
28928988]

Magnotti LM, Goodenough DA and Paul DL (2011). Deletion of oligodendrocyte Cx32 and astrocyte
Cx43 causes white matter vacuolation, astrocyte loss and early mortality. Glia 59, 1064-1074.
[PubMed: 21538560]

Matsusue Y, Horii-Hayashi N, Kirita T and Nishi M (2014). Distribution of corticosteroid receptors in
mature oligodendrocytes and oligodendrocyte progenitors of the adult mouse brain. J. Histochem.
Cytochem 62, 211-226. [PubMed: 24309510]

McEwen BS (2007). Physiology and neurobiology of stress and adaptation: Central role of the brain.
Physiol. Rev 87, 873—-904. [PubMed: 17615391]

McEwen BS, Nasca C and Gray JD (2016). Stress effects on neuronal structure: Hippocampus,
amygdala, and prefrontal cortex. Neuropsychopharmacology 41, 3-23. [PubMed: 26076834]
McLeod JD and Bolton C (1995). Dexamethasone induces an increase in intracellular and membrane-
associated lipocortin-1 (annexin-1) in rat astrocyte primary cultures. Cell Mol. Neurobiol 15, 193—

205. [PubMed: 8590451]

Meyer JS (1983). Early adrenalectomy stimulates subsequent growth and development of the rat brain.

Exp. Neurol 82, 432-446. [PubMed: 6628629]

Histol Histopathol. Author manuscript; available in PMC 2023 January 23.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Miguel-Hidalgo

Page 11

Miguel-Hidalgo JJ, Moulana M, Deloach PH and Rajkowska G (2018). Chronic unpredictable stress
reduces immunostaining for connexins 43 and 30 and myelin basic protein in the rat prelimbic and
orbitofrontal cortices. Chronic Stress 2, 1-12.

Miguel-Hidalgo JJ, Carter K, Deloach PH, Sanders L and Pang Y (2019). Glucocorticoid-induced
reductions of myelination and connexin 43 in mixed central nervous system cell cultures are
prevented by mifepristone. Neuroscience 411, 255-269. [PubMed: 31163207]

Miguel-Hidalgo JJ, Hearn E, Holmes M, Clark A, Saleem K and Rajkowska G (2021). Pathology of
nodes of ranvier in the prefrontal cortex is comparable in depressed subjects and rats under chronic
stress. Biol. Psychiatry 89, S204-S204.

Molina-Gonzalez | and Miron VE (2019). Astrocytes in myelination and remyelination. Neurosci. Lett
713, 134532. [PubMed: 31589903]

Moore CS, Abdullah SL, Brown A, Arulpragasam A and Crocker SJ (2011). How factors secreted
from astrocytes impact myelin repair. J. Neurosci. Res 89, 13-21. [PubMed: 20857501]

Murphy-Royal C, Gordon GR and Bains JS (2019). Stress-induced structural and functional
modifications of astrocytes-further implicating glia in the central response to stress. Glia 67,
1806-1820. [PubMed: 30889320]

Nave KA (2010). Myelination and the trophic support of long axons. Nat. Rev. Neurosci 11, 275-283.
[PubMed: 20216548]

Nave KA and Ehrenreich H (2014). Myelination and oligodendrocyte functions in psychiatric diseases.
JAMA Psychiatry 71, 582-584. [PubMed: 24671770]

Nitschke JB, Heller W and Miller GA (2000). Anxiety, stress, and cortical brain function. In: The
neuropsychology of emotion. Borod JC (ed). Osford University Press. pp 298-2109.

Niu H, Hinkle DA and Wise PM (1997). Dexamethasone regulates basic fibroblast growth factor, nerve
growth factor and S100beta expression in cultured hippocampal astrocytes. Brain Res. Mol. Brain
Res 51, 97-105. [PubMed: 9427511]

Nutma E, van Gent D, Amor S and Peferoen LAN (2020). Astrocyte and oligodendrocyte cross-talk in
the central nervous system. Cells 9, 600. [PubMed: 32138223]

O’Callaghan JP, Brinton RE and McEwen BS (1991). Glucocorticoids regulate the synthesis of
glial fibrillary acidic protein in intact and adrenalectomized rats but do not affect its expression
following brain injury. J. Neurochem 57, 860-869. [PubMed: 1677678]

Pruessner JC, Dedovic K, Pruessner M, Lord C, Buss C, Collins L, Dagher A and Lupien
SJ (2010). Stress regulation in the central nervous system: Evidence from structural and
functional neuroimaging studies in human populations - 2008 curt richter award winner.
Psychoneuroendocrinology 35, 179-191. [PubMed: 19362426]

Qiao H, Li MX, Xu C, Chen HB, An SC and Ma XM (2016). Dendritic spines in depression: What we
learned from animal models. Neural Plast. 2016, 8056370. [PubMed: 26881133]

Radahmadi M, Hosseini Dastgerdi A, Fallah N and Alaei H (2017). The effects of acute, sub-chronic
and chronic psychical stress on the brain electrical activity in male rats. Physiol. Pharmacol 21,
185-192.

Rasband MN and Peles E (2021). Mechanisms of node of ranvier assembly. Nat. Rev. Neurosci 22,
7-20. [PubMed: 33239761]

Rozovsky I, Laping NJ, Krohn K, Teter B, O’Callaghan JP and Finch CE (1995). Transcriptional
regulation of glial fibrillary acidic protein by corticosterone in rat astrocytes in vitro is influenced
by the duration of time in culture and by astrocyte-neuron interactions. Endocrinology 136, 2066—
2073. [PubMed: 7720656]

Schroter A, Lustenberger RM, Obermair FJ and Thallmair M (2009). High-dose corticosteroids
after spinal cord injury reduce neural progenitor cell proliferation. Neuroscience 161, 753-763.
[PubMed: 19364523]

Schwabe L, Tegenthoff M, Hoffken O and Wolf OT (2012). Simultaneous glucocorticoid and
noradrenergic activity disrupts the neural basis of goal-directed action in the human brain. J.
Neurosci 32, 10146-10155. [PubMed: 22836250]

Simard M, Couldwell WT, Zhang W, Song H, Liu S, Cotrina ML, Goldman S and Nedergaard
M (1999). Glucocorticoids-potent modulators of astrocytic calcium signaling. Glia 28, 1-12.
[PubMed: 10498817]

Histol Histopathol. Author manuscript; available in PMC 2023 January 23.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Miguel-Hidalgo

Page 12

Skupio U, Tertil M, Bilecki W, Barut J, Korostynski M, Golda S, Kudla L, Wiktorowska L, Sowa JE,
Siwiec M, Bobula B, Pels K, Tokarski K, Hess G, Ruszczycki B, Wilczynski G and Przewlocki
R (2020). Astrocytes determine conditioned response to morphine via glucocorticoid receptor-
dependent regulation of lactate release. Neuropsychopharmacology 45, 404-415. [PubMed:
31254970]

Strelzyk F, Hermes M, Naumann E, Qitzl M, Walter C, Busch HP, Richter S and Schachinger H
(2012). Tune it down to live it up? Rapid, nongenomic effects of cortisol on the human brain. J.
Neurosci 32, 616-625. [PubMed: 22238097]

Sun YY, Wang CY, Hsu MF, Juan SH, Chang CY, Chou CM, Yang LY, Hung KS, Xu J, Lee
YH and Hsu CY (2010). Glucocorticoid protection of oligodendrocytes against excitotoxin
involving hypoxia-inducible factor-1alpha in a cell-type-specific manner. J. Neurosci 30, 9621~
9630. [PubMed: 20631191]

Sun JD, Liu Y, Yuan YH, Li Jand Chen NH (2012). Gap junction dysfunction in the prefrontal cortex
induces depressive-like behaviors in rats. Neuropsychopharmacology 37, 1305-1320. [PubMed:
22189291]

Swaab DF, Bao AM and Lucassen PJ (2005). The stress system in the human brain in depression and
neurodegeneration. Ageing. Res. Rev 4, 141-194. [PubMed: 15996533]

Szeszko PR, Lehrner A and Yehuda R (2018). Glucocorticoids and hippocampal structure and function
in ptsd. Harv. Rev. Psychiatry 26, 142-157. [PubMed: 29734228]

Tertil M, Skupio U, Barut J, Dubovyk V, Wawrzczak-Bargiela A, Soltys Z, Golda S, Kudla L,
Wiktorowska L, Szklarczyk K, Korostynski M, Przewlocki R and Slezak M (2018). Glucocorticoid
receptor signaling in astrocytes is required for aversive memory formation. Transl. Psychiatry 8,
255. [PubMed: 30487639]

Thamizhoviya G and Vanisree AJ (2019). Enriched environment modulates behavior, myelination and
augments molecules governing the plasticity in the forebrain region of rats exposed to chronic
immobilization stress. Metab. Brain Dis 34, 875-887. [PubMed: 30604029]

Tognatta R, Karl MT, Fyffe-Maricich SL, Popratiloff A, Garrison ED, Schenck JK, Abu-Rub M and
Miller RH (2020). Astrocytes are required for oligodendrocyte survival and maintenance of myelin
compaction and integrity. Front. Cell. Neurosci 14, 74. [PubMed: 32300294]

Treccani G, Musazzi L, Perego C, Milanese M, Nava N, Bonifacino T, Lamanna J, Malgaroli A,
Drago F, Racagni G, Nyengaard JR, Wegener G, Bonanno G and Popoli M (2014). Stress and
corticosterone increase the readily releasable pool of glutamate vesicles in synaptic terminals of
prefrontal and frontal cortex. Mol. Psychiatry 19, 433—-443. [PubMed: 24535456]

Tynan RJ, Beynon SB, Hinwood M, Johnson SJ, Nilsson M, Woods JJ and Walker FR (2013). Chronic
stress-induced disruption of the astrocyte network is driven by structural atrophy and not loss of
astrocytes. Acta Neuropathol. 126, 75-91. [PubMed: 23512378]

van der Kooij MA (2020). The impact of chronic stress on energy metabolism. Mol. Cell. Neurosci
107, 103525. [PubMed: 32629109]

Vardimon L, Ben-Dror I, Avisar N, Oren A and Shiftan L (1999). Glucocorticoid control of glial gene
expression. J. Neurobiol 40, 513-527. [PubMed: 10453053]

Vielkind U, Walencewicz A, Levine JM and Bohn MC (1990). Type ii glucocorticoid receptors are
expressed in oligodendrocytes and astrocytes. J. Neurosci. Res 27, 360-373. [PubMed: 2097380]

Wang Q, Verweij EW, Krugers HJ, Joels M, Swaab DF and Lucassen PJ (2014). Distribution of the
glucocorticoid receptor in the human amygdala; changes in mood disorder patients. Brain Struct.
Funct 219, 1615-1626. [PubMed: 23748930]

Wolf OT (2006). Effects of stress hormones on the structure and function of the human brain. Expert.
Rev. Endocrinol. Metab 1, 623-632. [PubMed: 30754103]

Xu J, Chen S, Chen H, Xiao Q, Hsu CY, Michael D and Bao J (2009). STAT5 mediates
antiapoptotic effects of methylprednisolone on oligodendrocytes. J. Neurosci 29, 2022-2026.
[PubMed: 19228956]

Xu'Y, Fang Z, Wu C, Xu H, Kong J, Huang Q and Zhang H (2020). The long-term effects of
adolescent social defeat stress on oligodendrocyte lineage cells and neuroinflammatory mediators
in mice. Neuropsychiatr. Dis. Treat 16, 1321-1330. [PubMed: 32547035]

Histol Histopathol. Author manuscript; available in PMC 2023 January 23.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Miguel-Hidalgo

Page 13

Yuen EY, Wei J, Liu W, Zhong P, Li X and Yan Z (2012). Repeated stress causes cognitive impairment
by suppressing glutamate receptor expression and function in prefrontal cortex. Neuron 73, 962—
977. [PubMed: 22405206]

Zeng J, Li M, Xiao Z, Chen Y, Chang Q, Tian H, Jin H and Liu X (2013). Rapid elevation of calcium
concentration in cultured dorsal spinal cord astrocytes by corticosterone. Neurochem. Res 38,
382-388. [PubMed: 23179589]

Zhang H, Zhao Y and Wang Z (2015). Chronic corticosterone exposure reduces hippocampal
astrocyte structural plasticity and induces hippocampal atrophy in mice. Neurosci. Lett 592, 76—
81. [PubMed: 25748318]

Zivadinov R, Rudick RA, De Masi R, Nasuelli D, Ukmar M, Pozzi-Mucelli RS, Grop A, Cazzato G

and Zorzon M (2001). Effects of iv methylprednisolone on brain atrophy in relapsing-remitting
MS. Neurology 57, 1239-1247. [PubMed: 11591843]

Histol Histopathol. Author manuscript; available in PMC 2023 January 23.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Miguel-Hidalgo Page 14

Oligodendrocyte and
myelin disturbances

Stress: acute or chronic —-====
Abnormal
Connectivity
$
High Glucocorticoids Contribution to
(cortisol in humans e— pathophysiology

of emotional, cognitive and

corticosterone in rats,
) behavioral dysregulation

& Glucocorticoids

® Glucocorticoid
Receptors
(genomic actions)

) Glucocorticoid
Receptors
(non-genomic actions

@ Gap junctions

Fig. 1.

III?Jstration of relevant interactions involving CNS astrocytes and oligodendrocytes that
would be affected by stress and the dramatic elevations of glucocorticoids during the stress
response. The pathological activation of astrocytes and oligodendrocytes would result in a
variety of molecular and neurotransmitters alterations in the gray matter and in the white
matter connecting prefrontal cortex, hippocampus, amygdala, striatum, hypothalamus and
other regions. Those alterations lead to dysregulation of connectivity due to the importance
of signal propagation along myelinated axons connecting those brain regions. More recent
research is revealing that regulation of nodes or Ranvier by astrocytes processes and
oligodendrocyte paranodal regions is critically involved in shaping the propagation of

action potentials. Nonetheless, a great deal of additional research remains to be done to
significantly improve our understanding of the mechanisms that result in dysfunctional
interactions between astrocytes, oligodendrocytes, and the neurons they serve, and the role
of corticosteroid elevations in those mechanisms. The broken hollow arrow represents stress-
related factors other than glucocorticoids that, while less-well understood, may modulate

the interactions between astrocytes and oligodendrocytes. AST, Astrocyte; G, Gap junctions;
NR, Node of Ranvier; OL, Oligodendrocyte.

Histol Histopathol. Author manuscript; available in PMC 2023 January 23.



	Summary.
	Introduction
	Astrocytes in stress
	Oligodentrocytes in stress
	Glucocorticoids and astrocytes
	Glucocorticoids, oligodendrocytes and myelin

	Glucocorticoids in the interaction between astrocytes and oligodendrocytes
	Conclusion
	References
	Fig. 1.

