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Neurons and glia (astrocytes, radial glia, oligodendroglia, and microglia) are the neural cells of the central nervous system

(CNS). Glial cells have different functions; microglia are the resident macrophages in the CNS, oligodendrocytes are

responsible for myelin production, NG2-positive glia is consistent with an oligodendrocyte progenitor function, and

astrocytes play an important role both in homeostasis and in diseases. 

Keywords: astrocytes ; inflammation ; learning ; memory ; neurons ; neurodegeneration ; neurodevelopment diseases ;

oxidative stress ; sleep disorders

1. Astrocyte Properties and Functions

Astrocytes contact different populations around neurons, and this is true for protoplasmic astrocytes, which normally

contact neurons in the gray matter, and for fibrous astrocytes that contact neuronal extensions . The functions

performed by astrocytes are, among others, to control the sleep process, form the extracellular matrix, serve as a support,

build and regulate the blood–brain barrier, maintain the balance of extracellular ions, control the production of

neurotransmitters, and modulate the synapse (tripartite synapse hypothesis) . Memory consolidation occurs during the

sleep period and astrocytes can control this process by communicating with other brain cells. During the sleep period they

clean toxins, neurotransmitters and release water, ions, and molecules .

Researchers believe that neurons and astrocytes are the essential elements in all regulating the processes related to

memory of lived situations or dreams. In the CNS, only neurons can produce electrical impulses and therefore help in

memory formation and storage. Just like when we turn off a computer and turn it on again after two years, the information

stored in it remains, memory created via the communications between neurons remains. We do not know how long-term

memory is produced and how memories are maintained but it is established that neurons need to be active all the time to

carry out electrical impulses for that memory to be created and stored. Does this imply that we need to have neurons firing

constantly if we want to remember something? Astrocytes modulate Ca  variations and it is possible that using other

pathways and signals they are able to communicate with each other and with neurons over time . In fact, in

neurodevelopmental disorders, such as autism , different forms of schizophrenia , and early onset bipolar disorder ,

the number and morphology of astrocytes changes from one situation to another. In bipolar disorder, patients have an

increase in brain functions when they are in the optimistic phase and, when they are in the depressive phase they almost

find it impossible to register and develop any work in the brain. The change from an optimistic situation to that of

depression is not prompt; it takes days, weeks and/or even months, but it is constant. The functions of the neurons cannot

explain the above phenomenon since they are cells that at times are activated or at times not (the cell fires or not), and

the modulation of the neuronal action potential is impossible. On the contrary, there is a network between the astrocytes

and when necessary, a great communication between them and with the neurons, oligodendroglia and microglia is

initiated, which is maintained over time . In the evolution of Homo sapiens, the increase in size and complexity of

astrocytes coincided with an increase in intelligence . Furthermore, the difference between humans and rats found is the

diameter of the average domain of a protoplasmic astrocyte (2.5 times larger), the volume (bigger in humans) and the

arborization. Moreover, fibrous astrocytes are 2.3 times larger in humans than in rats .

Currently, a new field has been opened for the study of the role of astrocytes in the nervous system and their possible role

in memory. This could provide a new direction for future interventions in CNS diseases.

2. Glutamine, Glutathione and Astrocytes

Another function of astrocytes is to supply glutamine to neurons and remove glutathione from the synaptic bouton. In AD,

neurons die because of the hyperphosphorylation of TAU (protein π) (pTAU) protein. Astrocytes are probably involved in

this process because glutamine reduction and/or glutathione removal may be affected in these patients. In addition, a
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reduction in ATP produced by damaged mitochondria is detected .To function adequately, our brain requires oxygen,

which flows through the circulatory system to the extracellular space between brain cells. If the heart function is correct,

enough oxygen goes into the brain crossing the blood–brain barrier. On the contrary, if enough oxygen does not go into

the brain, problems in brain cell functionality will occur with decrement in the production of adenosine triphosphate (ATP).

So, cardiology specialists, neurologists, psychologists, and medical specialists must remain vigilant from now on and in

the future while diagnosing AD . Moreover, since astrocytes are involved in non-physiological pain , discerning the

communication between the cells of the sensory ganglia could be important in the treatment of chronic pain  (Figure
1).

Figure 1. Communication between astrocytes, neurons, and microglia in pain situations. Activation of nociceptors causes

the induction of cytokines, chemokines, BDNF and neurotrophic factors producing changes an increase in persistent pain.

3. Neurodegeneration Mechanisms

In the neurodegenerative cascade, several basic mechanisms can join in, such as apoptosis, necrosis, autophagy,

retrograde neurodegeneration, Wallerian degeneration, demyelination and astrogliopathy . There is evidence of

apoptotic mechanisms in animal models of various neurodegenerative diseases, but the evidence in human tissues is

limited. The activation of caspase 1, 3, 8 and 9 and the release of cytochrome c observed in models of Huntington’s

disease (HD) is demonstrated in human striated brain tissue . Similarly, caspases activation and neuronal apoptosis

have been detected in ALS  and HIV . In necrosis, with non-caspases-dependent death, two major effector proteins

act, serine/threonine-protein kinase 1 (RIPK1) and the mixed lineage kinase domain (MLKL). In murine ALS models,

release of TNF-α, FasL and TRAIL by astrocytes has been detected that can trigger necrosis through the activation of

RIPK1 and MLKL . Furthermore, in humans with ALS, a normal pathology mediated by RIPK1 has been detected .

On the other hand, in MS, necrotic mechanisms are also observed in pathological samples .

Apathy has multifactorial symptoms, such as behavioral, cognitive, and emotional facets including impaired motivation

and reduced goal-directed behavior. Apathy belongs to schizophrenia, bipolar disorders, and autism’s negative

symptomatology, although the molecular mechanisms are still poorly studied . Correlations between apathy with

specific brain regions and executive functions have been shown (the anterior cingulate cortex, orbitofrontal cortex, and the

ventral and dorsal striatum). It is considered the major neuropsychiatric symptom in both acquired and neurodegenerative

disorders, such as strokes , AD , ELA  or Parkinson’s disease . All these disorders have a disturbance in the

normal balance of neurotransmitters and are associated with anomalies in specific brain regions and inflammatory

pathways leading to glia activation and finally neuronal and neural loss . In MS there is a decomposition of the blood–

brain barrier (BBB), death without regeneration of oligodendrocytes, loss of myelin, axonal degeneration and reactive

gliosis of astrocytes and activation of microglia . In this disease, inflammation plays an important role by increasing

in cytokines and chemokines. In the pathophysiology of MS, the BBB is compromised, causing the activation of the

microglia and the immune cells of the periphery. The microglia not only produces pro-inflammatory cytokines and

chemokines secretion with decreased anti-inflammatory agents but also releases reactive oxygen and glutamate species

. Each type of cell of the innate and adaptive immune system can organize the inflammatory response within the CNS

and the autoreactive CD4 + T cells make an important contribution in the MS.
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4. Astrocytes, Sleep Process and Diseases

A century ago, Santiago Ramón y Cajal proposed astrocytes as cells that regulate the process of sleep . He detected

several processes in the synapses during sleep and observed retraction of those processes during wakefulness. In 2009,

scientists began to take an interest in sleep and the role of astrocytes in it and discovered that the influence of astrocyte

on the sleep/wake cycle  and then, astrocytes were postulated as modulator members of the homeostasis of the sleep

cycle . Astrocytes release adenosine units to its receptor, adenosine A1, occasioning sleep and driving to total sleep

. Furthermore, it is known that astrocytes clean the brain during sleep, releasing solutes and water inside the brain,

cleaning it through astrocytic aquaporins 4. In addition, in vivo microdialysis studies have shown that β-amyloid (the toxic

peptide in Alzheimer’s brain) increases within the interstitial fluid during wakefulness and decreases during the sleep

process . Thus, the brain cleaning that occurs during the sleep period is decreased in Alzheimer’s patients compared to

control individuals . In addition, the changes observed in the amount of toxic peptide decrease during the

development of AD , so detection in the glymphatic pathway could be affected in neurodegenerative patients and in

other diseases, such as bipolar disorders, chronic fatigue syndrome, MS and schizophrenia . Furthermore, the

sleep/wake cycle, modulated by astrocytes, is also altered in those diseases . Many people suffering from these

diseases present a REM (Rapid Eye Movement) alteration process during the sleep period. This data could indicate

alterations in the sleep period of the active zone of the brain that initiates the off-switch in the brain. In fact, the patients

cannot sleep well, and they feel tired during the awake period, with problems in attention, memory, spatial recognition, and

so on.

5. Therapeutic Effects to Combat Diseases

At present, there are many therapeutic drugs used against diseases of the nervous system, however, it is also important

to test the use of new drugs and approaches against those diseases to treat them more effectively (Table 1). Future

therapeutics against brain diseases must develop specific drugs against reactive astrocytes and microglia activation.

Studies on the mechanisms that eliminate amyloid beta toxic peptide, the decrement of the pTAU inside the neurons, the

ATP changes in the brain controlled by astrocytes and the production of metabolites, will be necessary for finding

therapeutic targets in AD and other diseases .

Crises due to sensory overstimulation in people with autism are involuntary. The body of a person with autism react to

sensory stimuli and the person being unable to bear the overstimulation suffers from a nervous breakdown. Some

approaches could produce beneficial physiological effects, such as the reduction in deep pressure to achieve a decrement

in anxiety in children with autism spectrum disorders (ASD) . Furthermore, the use of new drugs, such as

monoclonal antibodies designed to elicit an immune response to eliminate senile plaques, which damage communication

between brain cells and end up killing the neurons, will be necessary. In chronic pain, drugs controlling the mechanisms of

SG cells and the interaction of these cells with the neuronal body will be important to assume the relationship between

astrocytes and the other cells in the sensorial ganglia and chronic pain treatment. In the future, for better health, brain

changes in sleep-inducing proteins and the sleep/wake cycle could help fighting sleeping disorders and

neurodegenerative diseases as well. In addition, the influence of astrocytes in the brain cleaning process will be a

therapeutic approach to eliminate the toxic elements detected in many diseases, such as in AD, Parkinson’s, or ALS

(Amyotrophic Lateral Sclerosis) and many other neurodegenerative diseases in which toxic proteins are present.

Moreover, altered mRNA expression profile in ALS and/or other neurodegenerative diseases has been detected with an

increase in inflammation produced by microglia and astrocyte reactivities, which are potential mediators of

neurodegenerative processes .

Table 1. Drugs and their effects on glia.

DRUGS EFFECT ON ASTROCYTES REFERENCES

IFN-β Downregulation of cytokine, NO production, and MMP
generation Bhat et al., 2019 

Pioglitazones Inhibit inflammation reducing glial activation Dhapola et al., 2021 

Fingolimod Immune-modulator inhibitor actions on activated microglia Pitteri et al., 2018 

Minocycline Immune-modulator inhibitor actions on activated microglia Wang et al., 2020 

Xaliproden Production of increased amount of neurotrophic factors Lacomblez et al., 2004 
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DRUGS EFFECT ON ASTROCYTES REFERENCES

Cyclooxygenase (COX)
inhibitors Improved memory and decrease amyloid deposition Lopez-Ramirez et al., 2021

Propentofylline Decrement of neuroinflammation relative to glial cell
activation

Sweitzer and De Leo, 2011

Glatiramer acetate Anti-inflammatory cytokine and neurotrophic factors
increase

Kasindi et al., 2022 

Verapamil + magnesium
sulphate Block overactivation of L-Type calcium channels Zhang et al., 2019 

Rapamycin Astrogliosis inhibition Selvarani et al., 2021 

Fuoxetine Decrement of antigen-presenting Barakat et al., 2018 

Teriflunomide NO synthesis downregulation Hauser et al., 2020 

Methotrexate Induction of astrogliosis, injury Shao et al., 2019 

Tacrolimus Inhibition of pro-inflammatory cytokines La Maestra et al., 2018 

Mycophenolate mofetil Downregulation of NO synthesis Ebrahimi et al., 2012 

Glutocorticoids Dwonregulation of pro-inflammatory cytokines, and
astrogliosis

Nichols et al., 2001 

It is necessary to promote the clearance of toxic proteins by astrocytes (such as amyloid beta) via different mechanisms,

such as autophagy or ubiquitin systems. In addition, in reactive astrocytes, an increase in antioxidant proteins, such as

Nrf2 (Nuclear Factor Erythroid 2-related factor 2), could benefit our brain. On the other hand, astrocytes can clear toxic

peptides from the brain leading to reactive astrocytes and increased inflammation, toxic proteins, and oxidative stress

molecules. Regulation of the oxidative stress state and inflammation could help neurons located near astrocytes to

survive. Additionally, astrocytes can increase GABA levels after damage, so controlling MAO-B (monoamine oxidase-B)

activity could help rescue the brain from memory problems, such as those found in the AD. Cerebral blood flow (CBF)

decreases with age. Between the ages of 20 and 60, the CBF falls by 16% and continues to fall by 0.4% each year. A

reduction in oxygen and glucose supply to the brain occurs, and this drop in CBF reduces ATP energy production.

Mitochondrial loss or damage with reduced ATP worsens when vascular risk factors (VRFs) develop during Alzheimer’s

disease and may accelerate CBF declination and mitochondrial deficiency where mild cognitive impairment (MCI)

develops . One form of photobiomodulation (PBM), transcranial infrared brain stimulation (TIBS), is planned in a

randomized, placebo-controlled study of MCI patients which is to be conducted at our university. Photobiomodulation has

been used in Parkinson’s disease, depression, traumatic brain injury and stroke with reported benefits. Medical

interventions, pharmacological approach, etc. have been used in AD, but TIBS will be a better technique for the future.

The study of the effects of photobiomodulation on the brain during aging has been studied and reviewed by many authors

.

The heterogeneity of astrocytes is poorly understood and has not been sufficiently studied. The study of the different

forms that astrocytes acquire to activate and their actions during the processes in different neurological diseases must be

deepened and has not been sufficiently explained in this research. Nor has it been addressed whether it is possible to act

therapeutically on the different types of astrocytes in neurological diseases.
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