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One of the major obstacles that prevents an effective therapeutic intervention against ischemic stroke is the lack of

neuroprotective agents able to reduce neuronal damage; this results in frequent evolution towards a long-term disability

with limited alternatives available to aid in recovery. Nevertheless, various treatment options have shown clinical efficacy.

Neurotrophins such as brain-derived neurotrophic factor (BDNF), widely produced throughout the brain, but also in distant

tissues such as the muscle, have demonstrated regenerative properties with the potential to restore damaged neural

tissue. Neurotrophins play a significant role in both protection and recovery of function following neurological diseases

such as ischemic stroke or traumatic brain injury. Unfortunately, the efficacy of exogenous administration of these

neurotrophins is limited by rapid degradation with subsequent poor half-life and a lack of blood–brain-barrier permeability.

Regular exercise seems to be a therapeutic approach able to induce the activation of several pathways related to the

neurotrophins release. Exercise, furthermore, reduces the infarct volume in the ischemic brain and ameliorates motor

function in animal models increasing astrocyte proliferation, inducing angiogenesis and reducing neuronal apoptosis and

oxidative stress. One of the most critical issues is to identify the relationship between neurotrophins and myokines, newly

discovered skeletal muscle-derived factors released during and after exercise able to exert several biological functions.

Various myokines (e.g., Insulin-Like Growth Factor 1, Irisin) have recently shown their ability to protects against neuronal

injury in cerebral ischemia models, suggesting that these substances may influence the degree of neuronal damage in

part via inhibiting inflammatory signaling pathways.
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1. Introduction 

According to the American College of Sports Medicine (ACSM), Physical Activity (PA) can be defined as any bodily

movement produced by the contraction of skeletal muscles that results in a substantial increase in caloric requirements

over resting energy expenditure . Contrary to usual belief, exercise is not a synonym rather a subcategory of PA,

consisting of planned, structured and repetitive bodily movement done to improve and/or maintain one or more

components of PA (e.g., swimming) ; all exercise involves some combination of isometric (static) and isotonic (dynamic)

stress.

Regular PA has multiple benefits. Several recent meta-analyses show robust epidemiological evidence indicating that

regular PA is associated with a reduction of all the main adverse cardiovascular outcomes as well as reduced incidence of

type 2 diabetes, hypertension, different types of cancers, osteoarticular disorders . A risk reduction of coronary heart

disease and stroke between 20% and 30% both in men and women in response to a high level of leisure time PA and a

possible reduction (10% to 20%) of risk of cardiovascular disease in response to moderate level of occupational PA is

reported .

When prescribed for a medical purpose, exercise is commonly divided into the broad subgroups of aerobic/endurance

(i.e., running, walking) and anaerobic/resistance (i.e., weight lifting) activity, although many exercise modalities combine

both types. The different types of exercise differ substantially from each other: aerobic and anaerobic exercises involve in

a dissimilar way the metabolic patterns, the cardiovascular and respiratory response, the types of muscle fibers used 

More specifically, as defined by ACSM, aerobic exercise is considered as any activity that uses large muscle groups, can

be maintained continuously and is rhythmic in nature; anaerobic exercise has been defined as intense PA of very short

duration, fueled by the energy sources within the contracting muscles and independent of the use of inhaled oxygen as an

energy source . These remarkable discrepancies between the different types of exercise explain the various chronic

adaptations in several organs and systems that can be observed in trained subjects after a quite long period of time.
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Various studies have been published that prove the advantages of both aerobic and anaerobic exercise resulting in a

positive correlation towards improved cardiovascular health . The peculiar characteristics of aerobic training (AT), or

endurance training, lead to beneficial effects on various aspects related particularly to cardiovascular wellness. Studies

have shown that AT elicits an adaptive, beneficial form of cardiac remodeling that involves cardiomyocyte growth and

proliferation, these effects are directly associated with epigenetic adaptations associated with optimization of oxygen use

for ATP production within cardiomyocytes . Furthermore, AT improves oxygen delivery to tissues raising the cardiac

output and positively influencing all the mechanisms involved . The increased need for oxygen and energetic

substrates leads also to an increase in brain flow ; for these reasons AT is widely considered the method of choice for

stimulating angiogenesis and inducing the associated local and systemic health-related benefits.

Resistance Training (RT), a form of strength training wherein effort is performed against a specific opposing force

generated by resistance, mainly enhances muscle strength, endurance and muscle mass, prevents osteoporosis and

sarcopenia in elderly . Moreover, RT exert a beneficial influence on the cardiovascular system, by stimulating the

synthesis of molecules such as C-type natriuretic peptide (CNP), an endothelium-derived natriuretic peptide (EDNP)

which, through its effects in vascular tone and its antifibrotic and antiproliferative properties may be key elements linking

anaerobic RT and improved cardiovascular function .

Consensus documents released after independent analysis by leading world organization such as the American College

of Sports Medicine and the Centers for Disease Control, the National Institutes of Health (NIH), the US Department of

Health and Human Services (HHS) and the European Society of Cardiology (ESC) each concluded that habitual

moderate-intensity exercise is an effective tool to reduce the overall risk of chronic disease . Nowadays, the

ACSM recommends for older adults and patients ≥ 50 years with chronic disorders, a program incorporating aerobic,

strengthening, flexibility and balance training. Aerobic training should be done ≥5 days/week for 30 min of moderate

intensity or ≥3 days per week for 20 min at vigorous intensity . It should be clearly emphasized that the identification of

the optimal dose of exercise, more specifically the exercise dose required to produce the higher level of benefit (exercise

dose can be defined as the combination of three determinants: duration, frequency, and intensity), varies considerably

across key outcomes of clinical relevance (control of risk factors, primary prevention, secondary prevention, mortality). In

clinical practice, this means that the prescription of an exercise dose may best be accomplished by identifying a specific

therapeutic target for each individual patient. Without prejudice to the above, in the absence of specific recommendations,

the availability may be recommended to improve neurological well-being and counteract brain aging.

2. Neuroprotective Effects of Regular Physical Activity

Neurological diseases are multifactorial disorders. Lifestyle together with other factors (genetic profile, inflammation and

environment) may have a strong influence on their development and this applies especially to neurodegenerative

diseases, such as dementia, becoming more prevalent globally resulting in a constantly increasing cost burden for the

global health system . Regular exercise has pleiotropic actions on brain function and plays an important role in the

prevention and treatment of many neurological diseases such as vascular dementia, Alzheimer's Disease, Parkinson's

disease and epilepsy as extensively discussed in many good reviews about the topic . Figure 1 mainly

summarizes the main mechanisms through which PA could influence the management of major neurological diseases.

Figure 1. The putative role of PA in the management of major neurological diseases. In this figure, we summarize the

main mechanisms through which regular PA could lead to better management of the four major neurological diseases:

stroke , Alzheimer's disease, Parkinson's disease and epilepsy . PA's role could be pivotal in the
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prevention as well as in the prognosis' improvement.

Since the first observations that date back to the last years of the second millennium in which the effects of a six-month

aerobic exercise training were compared to stretching training, observing an increased performance in tasks that required

a high degree of executive control (e.g., response-compatibility and task switching tasks) only after aerobic PA  various

studies in humans linked lower aerobic fitness in sedentary older individuals with a reduced cerebral blood flow and

decreased cognitive performance  and aerobic training with the improved cognitive performance . Higher cortical

functions, both in healthy subjects and in subjects suffering from one or more neurological diseases, both acute or

chronic, are influenced by the subject's level of physical fitness, in a direct or indirect (through the benefits induced by

exercise on cardiovascular well-being and the improved control of the main cardiovascular risk factors and systemic

inflammation) manner . Specific regions such as the anterior cingulate and hippocampus have been identified as those

most involved . PA also influences analgesia, sedation, anxiolysis and sense of well-being perceived during and after

exercise , through the modulation of the endocannabinoid system neurophysiological pathway , although other

studies suggest that also the mesolimbic system may be related to exercise-induced analgesia and perceived well-being

. There is also evidence of the releasing of endogenous opioids in frontolimbic brain regions after exercise, related to

the euphoric state after intense PA, the so-called "runner's high" , all these being associated with a positive influence

on stress, anxiety and depression . The "antidepressant" effect of exercise can also be attributed to the upregulation of

the peroxisome proliferator-activated receptor gamma coactivator 1 alpha (PGC-1α) nuclear mediator in exercised

muscles. The overexpression of PGC1α in muscle after regular PA seems able to change the kinurenine metabolism

(increasing the conversion of kynurenine to kynurenic acid) thus reducing kinurenine entry into the brain; kinurenine

mainly is derived from the catabolism of the essential amino acid tryptophan and high levels of kinurenine are found in

people with depression .

In view of these valuable epidemiological data supporting the beneficial effects of PA on neurological diseases, some

mechanisms have been hypothesized to explain what has been observed. Trying to classify the main, three different

mechanisms can be identified: Figure 2 summarizes the main beneficial effects of regular exercise in protecting against

major acute and chronic neurological disorders.

Figure 2. The attempt to improve neurological functions through regular PA: a three paths journey. PA achieves beneficial

effects on brain function through its impact in these three main pathways whose modulation eventually leads to a

neuroprotective effect. Regular aerobic training as opposed to acute bouts of exercise, seems to be more related to PA

positive impact leading to antioxidant  and anti-inflammatory  effects and, through molecular and vascular

changes, shapes neuronal and vascular plasticity . See text for further information. ROS, Reactive Oxygen

Species; CAMs, Cell Adhesion Molecules; DNA, DeoxyriboNucleic Acid.
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3. Immuno-Inflammatory Activation during and after the Acute Phase of an
Ischemic Stroke

Stroke is globally the second cause of death after ischaemic heart disease . Many evidence available indicates that

almost 90% of cardiovascular disease, including stroke, is caused by potentially modifiable risk factors . In this

perspective, improved risk factor control and a better management scheme along with a supporting role of stroke

awareness programs could be a key to decrease stroke rate as well as post-stroke residual disability. Evidence shows

that exercise can positively influence several physical (e.g., cardiovascular fitness, walking ability, muscle strength) and

psychosocial (e.g., depressive symptoms, memory, fatigue) domains after a stroke .

Ischemic stroke has been described as a "thrombo-inflammatory disease", since thrombosis and inflammation are highly

intertwined processes that interact at multiple points as contributors to brain injury and stroke progression  Many

chronic systemic inflammatory conditions, such as atherosclerosis, diabetes and obesity are associated with increased

risk of stroke, which suggests that systemic inflammation may contribute to the development of stroke in humans .

These elements tell us that inflammation is part of ischemic stroke pathobiology as well as part of its pathophysiological

background, and thus has an all-around pivotal role. Atrial Fibrillation itself, another pivotal risk factor for ischemic stroke

, carries a separate systemic inflammatory burden, being associated with an increased "inflammatory cytokines milieu"

and endothelial dysfunction .

Cerebral ischemia initiates a complex cascade of events at genomic, molecular, and cellular levels, and inflammation is

important in this cascade, both in the Central Nervous System and in the periphery . The inflammatory response starts

locally in occluded and hypoperfused vessels and in the ischemic brain parenchyma, leading to systemic propagation of in

situ–produced inflammatory cytokines and to damage in the blood–brain barrier; this creates a route for entry of immune

cells, solutes and water into the brain parenchyma resulting in interstitial inflammation and oedema that damages

neuronal tissue . The cerebral ischemic injury induces a series of inflammatory events including the infiltration of

circulating immune cells (neutrophils and monocytes) and activation of resident cells (i.e., microglia, astrocytes and

endothelial cells) . In this complex scenario, cytokines have a central role modulating local changes and systemic host

response to Central Nervous System inflammation, infection and injury . Three major cytokines, tumor necrosis factor

(TNF-alpha), interleukin (IL)-1, and IL-6 are produced by cultured brain cells after various stimuli such as ischemia .

The source of these and other less detectable cytokines remains unclear although serially measured IL-lβ and IL-6 in

patients with ischemic stroke, resulted higher in cerebrospinal fluid than in serum, thus being suggestive of intrathecal

production of the cytokines .

Functions and actions of ischemia-related cytokines in the brain remain to be elucidated, yet probably include both

beneficial and detrimental effects , suggesting a "multiphasic role" . Inflammation seems in fact to be more

damaging during the early phase of ischemic stroke, while in recovery stages it seems to help clear up debris and support

wound healing and this could be the reason why anti-inflammatory drugs (steroidal and non-steroidal agents) failed to

demonstrate a benefit in thromboembolic infarction .

The level of systemic inflammation in stroke patients strongly depends on the etiopathogenesis of the ischemic episode

and the whole clinical profile of the patient (number of comorbidities). This different background on which the acute

ischemic brain event occurs, makes it more correct to talk about ischemic strokes rather than ischemic stroke , since

the different diagnostic subtypes are associated with a distinct level of neurological damage and functional impairment as

well as with a diverse degree of local and systemic immunoinflammatory activation . This is clear

if one compares, for example, a small lacunar stroke, often subcentimetric, with a cardioembolic stroke, commonly larger

and with multiple synchronous lesions, sustained by a continuously active emboligenous heart disease itself associated

with high levels of systemic inflammation .

It is of course conceivable that other factors could represent an additional element influencing immuno-inflammatory

activation after acute ischemic stroke, infarct size could represent one additional possible factor influencing immuno-

inflammatory marker plasma levels although results in this regard are unclear and more evidence is needed .

Finally, ischemic stroke-related inflammatory response is clearly variable. This variability depends, as thoroughly

discussed, on stroke subtype (and, consequently stroke's metabolic and systemic background) and infarct size but could

also depend upon genetic polymorphism of candidate genes of inflammatory cytokines, as proinflammatory genetic

genotypes (IL-6 GG, ICAM-1 EE, E-Selectin AA) are significantly more common in subjects with stroke history . The

implicated genes are both pro-inflammatory and/or anti-inflammatory. IL-10 is, for instance, one of these inflammation-

related genes implicated in the pathogenesis of ischemic stroke and is a potent anti-inflammatory cytokine whose action
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drastically limit the size of brain injury, atherosclerosis and inflammatory response, counteracting the effects of pro-

inflammatory molecules such as TNF-α; IL-10 (-1082A/G) has been associated with the risk of Large Vessel Disease,

Small Vessel Disease, and other subtypes of ischemic stroke, although further studies should be conducted .

Understanding the inflammatory background of subtype-related ischemic stroke could have a strong prognostic value.

Interestingly, immune-inflammatory activation of the acute phase of ischemic stroke is associated with the severity of the

acute neurological deficit evaluated by the National Institutes of Health Stroke Scale (NIHSS) ; higher levels of

inflammation seem to correlate with a poorer outcome for the patient.

In this regard, our group  found that patients with cardio-embolic strokes, in comparison with other subtypes, showed a

higher degree of immuno-inflammatory activation as well as a higher degree of acute neurological deficit whereas patients

with lacunar stroke, compared to other subtypes, showed a lower degree of immuno-inflammatory activation with a lower

degree of acute neurological deficit.

Figure 3 shows the main features of the immuno-inflammatory activation during an ischemic stroke.

Figure 3. Immuno-inflammatory activation during ischemic stroke. The figure briefly outlines the main determinants and

characters involved in the "inflammatory face" of ischemic pathobiology. Chronic inflammatory diseases  and genetic

predisposition  represent the key elements playing a leading role in determining the variability of immune-

inflammatory activation  on which depends the patient's outcome: the inflammatory

background elements and the ischemic stroke subtypes (TOAST classification) . CEI, CardioEmbolic Infarct; LAC,

LACunar infarct; UDE, a stroke of UnDetermined Etiology; ODE, a stroke of Other Determined Etiology; LAAS, Large

Artery AtheroSclerosis; IL, Interleukin; ICAM, Intercellular Cell Adhesion Molecule; TNF, Tumor Necrosis Factor.

4. Anti-Ischemic Effects of Physical Activity

With limited therapeutic opportunities, stroke remains a relevant critical disease with multiple hopefully modifiable

pathophysiological mechanisms whose better knowledge could lead to a most successful post-stroke rehabilitation

program. An ischemic stroke is often triggered by cardio-embolism or athero-thrombotic arterial obstruction causing a

sudden decrease in cerebral blood flow. In view of the peculiar terminal circulation that can be found in the brain, a

gradient of decreased blood flow emerges, causing severe neuronal injury and blood flow reduction and resulting in a

surrounding penumbra (ischemic penumbra) in which degenerative reactions and blood flow reduction are partly

reversible. Neuronal damage due to ischemic stroke is attributable mainly to two mutual pathological processes: oxygen

loss and disturbance in glucose supply to affected brain areas, triggering the immune-inflammatory cascade previously

briefly discussed. The health of the cerebral vessels is therefore a central element of protection against ischemic stroke

.

It is well known the role carried out by exercise in mediating the recovery of post-stroke damage. PA can contribute to the

functional compensation of surviving brain areas involved in limb function: the possible mechanisms include enhanced

activity and axonal growth of the pyramidal and extrapyramidal systems in the ipsi-lesional and contralesional
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hemispheres . Despite the intriguing pathophysiological context and the numerous experimental data available, only a

few studies have attempted to ascertain the vascular and anti-ischemic protection role played by PA before that an

ischemic cerebral accident occurs.

PA is a mild stressor for the organism; causing an increased need for oxygen and energetic substrates, stimulates a

series of changes aimed to ensure the amelioration of cerebral vascularization both in quantitative (short-term

modification) and qualitative (long-term adaptations) way. The quantitative aspect is what acts in the first play. It is in fact

well established that acute exercise increases the cardiac output for adaptation to the increased needs mentioned above,

thus leading to a prompt increase in the cerebral vascular flow . Regular PA, on the other hand, can induce

increased regional cerebral blood flow by promoting qualitative modifications, angiogenesis and collateral vessels

recruitment; the mechanism of recruitment of already existing collateral vessels has a protective effect towards the circle

of Willis against high-grade extra or intracranial stenosis or occlusion to reduce risk of watershed infarctions, thus making

exercise a modulator factor of cerebral autoregulation . Recently-conducted in vivo animal studies showed how

treadmill activity promotes angiogenesis in ischemic stroke animal models . Pianta et al.  found that animals

that underwent short durations of exercise (30 m and 60 m exercise groups) prior to stroke induction showed reduced

infarct volumes compared to non-exercised stroke animals and histologically, qualitative analysis of surviving cells in the

peri-infarct area showed a concomitant increase in the number of live cells as the duration of exercise increased. In this

study, the amounts of neurotrophins/angiogenetic factors such as Vascular Endothelial Growth Factor (VEGF), VEGFR-2,

and Ang-2 were found to be augmented near the site of the brain injury . It's supposed that even an early in life PA

confers long-lasting protection against cerebral ischemia, as demonstrated by Serra et al. , through an epigenetic

stable upregulation of the expression of neurotrophic factors which are linked to increased neuronal growth providing the

brain with a greater "neuronal reserve".

Figure 4 summarizes the main anti-ischemic effects of PA.

Figure 4. PA: a neurovascular booster. During PA, the increased need for oxygen and energetic substrates leads to the

activation of many mechanisms whose ultimate effect is to determine an increased cerebral blood flow and to maintain

neurovascular integrity. This aim is exerted both by asserting a boosting of cardiac contractility (quantitative effect) 

 and by a local cerebral modulation of neurovascular dynamic (qualitative effect) through the recruitment of collateral

vessels  and the stimulation of angiogenic processes . VEGF, vascular endothelial growth factor; VEGFR-2, vascular

endothelial growth factor receptor 2; ANG-2, Angiopoietin-2.

A neuroradiological study demonstrates that physically active older adults have been found to display a higher number of

small cerebral vessels than physically less active older adults . A very recent study conducted in humans has found

that a single session of aerobic exercise is adequate to produce transient measurable changes in cerebral perfusion 

although is unclear if this represents the earliest stages of neural and/or vascular plasticity or a distinct transient

mechanism.

Finally, exercise's anti-ischemic effect may be also linked to the mechanism of preconditioning . Preconditioning is

defined as the exposure of a system or an organ to a conditioning stimulus to induce tolerance or resistance to a

subsequent injury  by triggering cells and organisms to express intrinsic protective factors, thus helping them acquire
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tolerance and self-defense against later possible damage . Several studies have demonstrated that preconditioning

exercise (i.e., prophylactic exercise prior to stroke) provides significant neuroprotection against acute stroke through the

promotion of angiogenesis, mediation of inflammatory responses, and inhibition of neuronal apoptosis . In the 2,3,5-

triphenyltetrazorlium chloride (TTC) study, the tissue infarction in rats with preconditioning exercise was decreased

compared with the brain of rats without preconditioning . Preconditioning with different exercise protocols such as

moderate continuous training (MCT) and high-intensity interval training (HIIT) confers similar protection against

neurological deficits and tissue injury following an acute stroke  although the benefit seems to be directly proportional

to the intensity of training  and to a longer period of exercising before the ischemic injury .

The mechanisms through which preconditioning exercise could protect the brain are various. Preconditioning exercise

activates astrocytes and improves angiogenesis in the penumbra areas following brain ischemia  exerting regulation of

multiple factors significant for neurovascular integrity—i.e., endotelin-1, VEGF, IGF-1 and midkine (MK) a heparin-binding

growth factor promoting angiogenesis .

Moreover, preconditioning exercise improves different structural and functional components of the blood–brain barrier

(BBB)  whose dysfunction is one of the key pathobiological mechanisms leading to local and systemic immuno-

inflammatory activation and to increase local injury via cerebral edema.

The complex interaction between preconditioning and brain protection towards an ischemic event is shown in Figure 5.

Figure 5. Preconditioning exercise: brain's eustress. PA is a mild stressor for the organism. In particular, preconditioning

exercise (see text for more information) can be defined as an "eustress" because it triggers cells to express multiple

factors, thus helping the organism to acquire tolerance and self-defense against later possible damage, such as ischemic

stroke. Preconditioning exercise triggers the brain to activate vascular and inflammatory mechanisms (seen in the figure)

 whose production remodulates cerebral neurovascular structure so that later pathologic stimuli are

less likely to act or less likely to exert important damage. Preconditioning exercise improves the function and structure of

blood–brain barrier (BBB)  thus limiting the leakage of both fluids (edema) and proteins (cytokines) who play an

important role in ischemic stroke pathobiology. VEGF, vascular endothelial growth factor; IGF-1, Insulin-like Growth factor

1; MK, midkine; BBB, blood–brain barrier.

5. Is There Any Role for Myokines and Neurotrophins?

A myokine is a peptide or a protein secreted by skeletal muscle cells, either locally (in skeletal muscle interstitium without

entering systemic circulation) or in the bloodstream during but also independently of muscle contraction. Since during or

after PA various peptides may also be secreted by other organs/tissues, increased circulating levels of a peptide upon

muscle activity is not a condition sufficient to establish whether the molecule behaves as a myokine . The skeletal

muscle secretome might mediate the effects of exercise on metabolic and cardiovascular health and seems to be involved

in the protection against several types of cancer . The overall concept of crosstalk between contracting muscle and

distant organs appears to be also likely to be suitable for the brain. The hypothesis is, therefore, that the muscle

secretome might be involved in mediating the beneficial effects of exercise on brain health. The proteins with a mainly

targeted mechanism of action towards the neural network released in response to exercise are named "neurotrophins".

This is a family of molecules with various neurotrophic activities (stimulation of neuronal survival, growth and/or
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(1) If it is true that both in animal models and in human experiments it has been demonstrated that after PA there is an

increase in the concentration of different neurotrophins within different structures of the nervous system, is it possible to

definitely identify the cells that produce and release them?

(2) Are the cells that produce and release neurotrophins located within the nervous system or is there evidence that the

muscle itself during contraction or after contraction produces and releases neurotrophins into circulation that would then

reach their site of action through the bloodstream?

(3) The increased concentration of neurotrophins in the nervous system after exercise can be actually related to their

protective role for a good neurological function, thus demonstrating that regular PA through myokines and/or

neurotrophins acts in protecting the central nervous system?

differentiation) , whose levels increase after exercise in several experimental models. In consideration of this general

premise, and before addressing in detail the description of what is known today about the role played by muscle myokines

and more generically by neurotrophins on the facilitation of neuronal recovery after ischemic damage, we want to

establish the three fundamental questions that we will try to answer individually during the discussion of each substance in

order to define as clearly as possible the role played by them:

Figure 6 shows some of the myokines most closely monitored to date and their potential mechanisms of action in the

context of neuroprotection.

Figure 6. Neurotrophins, Myokines and other muscle-derived factors involved in neuroprotection. Neuroprotective effects

of PA result from multiple molecular changes operating directly in the cerebral tissue and indirectly via vascular

modulation. These molecular targets interplay with each other achieving different outcomes. The BDNF-IGF1 network and

the VEGF-IGF1 network represent two main examples. BDNF-IGF1 network mediates the upregulation of genes mainly

related to neuronal viability . See text for further information. NAA, N-acetylaspartate; BDNF brain-Derived

Neurotrophic Factor; IGF-1, Insulin-Like Growth Factor 1; VEGF, Vascular Endothelial Growth Factor; GABA, Gamma-

AminoButyric Acid; NO, Nitric Oxyde; NMDA-R, N-methyl-d-aspartate receptor; CaM-KII, calcium/calmodulin protein

kinase II; MAP-K/ERK I and II, mitogen-activated protein kinase; PK-C, protein kinase C; CREB, cAMP response element-

binding protein.
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