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ABSTRACT

Plasticity in the brain is important for learning and memory, and allows
us to respond to changes in the environment. Furthermore, long periods
of stress can lead to structural and excitatory changes associated with
anxiety and depression that can be reversed by pharmacological
treatment. Drugs of abuse can also cause long-lasting changes in
reward-related circuits, resulting in addiction. Each of these forms of
long-term plasticity in the brain requires changes in gene expression.
Upon stimulation, second messenger pathways are activated that lead
to an enhancement in transcription factor activity at gene promoters.
This stimulation results in the expression of new growth factors, ion
channels, structural molecules, and other proteins necessary to alter the
neuronal circuit. With repeated stimulation, more permanent

modifications to transcription factors are made that result in either

sensitization or desensitization of a circuit. Studies are beginning to uncover the molecular

mechanisms that lead to these types of long-term changes in the brain.
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INTRODUCTION

Neuroplasticity, also known as brain plasticity, is an umbrella term that encompasses both

synaptic plasticity and non-synaptic plasticity, it refers to changes in neural pathways and

synapses which are due to changes in behaviour, environment and neural processes, as well

as changes resulting from bodily injury.
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It is critical for learning and memory, but is also important for recovery from brain injury. It
was initially believed that plasticity only occurred in developing nervous system, but is
crucial to the normal function of the adult nervous system. Understanding the neural
substrates and mechanisms involved in neuroplasticity improves our understanding of the
fundamental and physiological basis of learning and memory. By artificially or
experimentally inducing neuroplastic change, it may also be possible to develop more

effective treatment regimes for various neurological disorders.

Plasticity has been demonstrated throughout the brain in various animal models. These
include slice preparations of the rodent hippocampus, visual cortex and sensory cortex.
Plasticity has also been demonstrated invivo, including the primate and human auditory
cortex and human motor cortex. The primary motor cortex is known to be involved in higher
level function rather than simply executing the movement, is a crucial site for motor learning,

and is the region studied in experiments.

The boundaries of scientific topic of neuroplasticity are broadened by the fact that the term
can be used operationally to cover any of the adaptive mechanisms by which the nervous
system restores itself towards normal levels of functioning after injury. Neuroplasticity does
not concern only the recovery of function if this latter is defined as “a return to normal or
near-normal levels of performance, following the initially disruptive effects of injury to the
nervous system”. Neuroplasticity does not refer only to the structural and functional changes
of the neuronal organization which follow an injury, but also includes the capacity of the
central nervous system to adapt to new physiological conditions emerging either during its
interaction with the environment. For restitution of function after nerve tissue lesions,
neuroplasticity may operate by means of synaptic reorganization, through either regenerative
and collateral sprouting of axons or actual recruitment of potential pre-existing connections.
The latter may involve spared structures located in the affected area, i.e., intact structures
temporarily excluded from their functional role which capable of reassuming their functions.

Alternatively, compensation phenomena may involve structures located in undamaged areas.

TYPES OF NEUROPLASTICITY
Plasticity may cause both positive and negative effects during development (evolutionary
plasticity), it may become evident after a transient exposition to a biologically significant

stimulus (reactive plasticity), it may result from long-term or repeated exposition to such
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stimuli (adaptation plasticity), or it may participate in functional or structural recovery of the

impaired neuronal circuits (reparation plasticity).

Evolutionaryneuroplasticity

The development of individual CNS regions is controlled by different morphogenetic
systems, i.e. by sets of cell populations which carry, mold and accomplish programs for the
formation of a given part of the brain. The organization of the neuronal systems and the onset
of their function is governed by genetic programs in close cooperation with factors of the
internal and external environment. The organization of neuronal circuits has three phases.
During the first phase, future neurons proliferate, in the second they migrate to the place of
their destination — they assume their final size, length of processes and organization of their
input and output circuits. These three development phases may overlap. The period of
proliferation may differ for different cell types i.e. Periods of macroneuronal proliferation,
microneuronal proliferation. Similarly, the third phase of differentiation can be subdivided.
According to the classical description, macroneuronal differentiation brings about the
formation of afferent and efferent pathways of a given functional sysem — the long

connections are formed.

Reactive neuroplasticity

One of the possible tissue reactions to environmental changes is an immediate response
limited to the period overlapping stimulus exposition. We have mentioned that various
stimuli increase the resistance of the rat brain to lack of oxygen, especially in immature
animals. The immature nervous tissue has the capability of responding to changes in the
internal environment by adjusting its metabolism at the cellular level. This process has been
called an adaptive metabolic reaction, because it has some aspects of both a reaction and an
adaptation. This phenomenon is accompanied by higher oxygen consumption in the altered
immature nervous tissue. Such higher efficacy of oxidative processes is probably based on
increased potency of oxidative enzymes. The crucial element of reorganization concerns the
preferential effort to maintain proteosynthesis, which provides cells with enzymes and which

is distinctly compensatory in character.

The possibility of activating the neuroplastic mechanisms by affecting the organization of the
nerve system depends on the type of stimulus and on the ability of the organisms to respond.
A single factor may therefore have different effects during intrauterine life, after birth, during

the weaning period and in adulthood. At the same time, the sensitivity of individual systems
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also plays an important role. A brief period of proteosynthesis arrest has a powerful effect.
On the contrary, increased stimulation during early development stages often forms of
deprivation. Modifications of the social milieu also have similar effect.

Adaptation neuroplasticity

This can be solicited by long-term or repeating stimulation. For example, long-lasting
potentiation of synaptic transmission in the hippocampus has several functional
manifestations implicating changes of the parameters of transmission. They may bring about
an increase of transmitter release or an increase in the density of postsynaptic receptors for
transmitters. At the same time, long term potentiation has also its distinct structural
component. Although LTP does not bring about changes in the density of synaptic vesicles,
the number of presynaptic investigations increases, which indicates a long-lasting increase of
the turnover of synaptic vesicles. These findings support the view that the transmission
changes are related to the activation of protein synthesis in the neurons involved.
Proteosynthesis brings about the stabilization of structural and biochemical transformations

induced by synaptic potentiation.

Long-term and complex stimuli activate neuroplastic mechanisms not only at the synaptic
level, but also at the multimodular level. The altered shape and length of dendritic branches
may result in the reorganization of the whole dendritic tree and consequently lead to the

reorganization of afferent inputs.

The process of adaptation increases the requirements of the organisms has, may it be a
substance, energy or information. That is why an organism, when exposed to repeated stimuli
tends to minimize losses due to such demands. The phenomenon depends on the
developmental stage and on the stimulus. The adaptive reaction occurs at the molecular level
as well as the level of higher brain systems. Adaptation includes both temporary functional

compensatory transformation and permanent reorganization.

Reparative neuroplasticity

The ability of nervous tissue to recover its function damaged by intervention into the
organization of the nerve tissue is considered to be one of the manifestations of
neuroplasticity. As other forms of plasticity, the mechanisms of restitution are controlled by
genetic programs which determine the activity of individual neural elements. These programs

are triggered by changes in the internal environment of the nervous tissue
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which accompany the pathologic process. Reparation may result from changes in the efficacy
or in the number of synapses, from the rearrangement or from sprouting of dendritic and
axonal branches. Reparation is accompanied by reorganization of local neuronal circuits, or
by changes in the relation between functional brain units. Research is therefore currently
looking for a method how to reinforce the regenerative capacity of the nervous system. The
intrinsic neuroplastic mechanisms may be activated and bring about the recovery of injured
neuronal circuits. Among the promising approaches which have been investigated, is to use
the neuroplastic potential of immature neurons by their implantation into the damaged site.
These neurons may help to re-establish structural and functional relations of the impaired
neuronal circuits. Among the promising approaches which have been investigated, is to use
the neuroplastic potential of immature neurons by their implantation into the damaged site.
These neurons may help to re-establish structural and functional relations of the impaired
neuronal circuits. Plastic changes may occur at three levels: Synaptic level, Local neuronal

circuits and Multimodular level.

Factors inhibiting neuroplasticity

Despite the wide variety of experimental paradigms available to induce neuroplastic change
in human motor cortex, a significant impediment to their incorporation into the clinical
sphere has been the large variability in effectiveness of these techniques for inducing
neuroplastic change. There is little available research on the factors influencing the ability to
induce neuroplastic change in human cortex. Several factors have been shown to influence a
subject’s response to TMS, and these can be broadly divided into extrinsic and intrinsic

factors.

Extrinsic factors: These are generally associated with the subtle differences in experimental
set-up. These includes: Differences in coil position, Electrode placement and Environmental
stimuli. Therefore, in order to minimise the effects of extrinsic factors, the coil position needs
to be continually monitored throughout experiments, and the electrodes should be positioned

using a standardised set-up.

Intrinsic factors: Even if the influence of extrinsic factors is minimised, the influence of
intrinsic factors cannot be as easily controlled. There are several internal factors which can
potentially contribute to the variability of neuroplasticity induction between individuals, or in
the same individual tested on different occasions, and these includes:Fluctuations in

anatomicalvariables Fluctuations in physiological variables and Hormone fluctuations.
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Fratello and colleagues were the first to investigate intra- and inter-subject variability of
PAS-induced neuroplasticity. Subjects were tested on two separate occasions, and the authors
reported that the overall magnitude of the induced PAS effect was reproducible across
sessions, however there was very high intra-individual variability. The high variability of the
induced effects was not a result of session-to-session changes in resting motor threshold, as
there was high reliability in resting motor values across session.

Subject’s height: Since the timing of the paired stimuli in PAS is critical to determine the
direction and magnitude of the induced change, one factor that could conceivably contribute
to inter-subject variability to PAS is a subject’s height, more specifically the condition time

to the motor cortex.

Electroencephalography (EEG) recordings were used to determine the latency of each
individual’s median nerve somatosensory-evoked cortical potential. This latency was used to
determine the ISI in PAS protocol. However, even when individual differences in latency of
the afferent volley were taken into account, this PAS protocol is still associated with

significant inter-individual variability.

Neuromodulator fluctuations: Physical activity can increase levels of brain derived
neurotrophic factor (BDNF), which has an important influence on neuronal plasticity. For
example, BDNF knockout mice show impaired LTP induction in the CAl region of
hippocampus. In addition, short period of exercise enhances cognitive function in rats, and in

associated with elevated levels of BDNF.

Fluctuations in physiological variable: Another factor that has not been investigated to
date, but is likely to contribute significantly to the variability associated with neuroplasticity

induction is circadian variation in various hormone levels.

Factors enhancing neuroplasticity

Sensorimotor pathways and recovery: The principle motor cortex has separate clusters of
output neurons that can facilitate the same spinal motor neuron. Also, a single cortical motor
cell can project to the spinal motor neurons for several muscles, even those that might act
across a joint. This overlapping organization contributes to the control of the complex muscle
synergizes for the voluntary movement. In humans, cortical sensory organization has

occurred within four weeks after amputation of an arm. When the patients face was touched,
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the patient experienced the sensation in the missing hand, suggesting that the sensory input
from the face had invaded the cortical hand area. This plasticity probably arises by the
unmasking of previously silent synapses from thalamocortical and intracortical circuits that
are mediated by acetylcholine and norepinephrine, but in some instances might arise from the
sprouting of dendrites over short distances.

Descending pathways: In primates, cortical, thalamic, limbic, and brainstem signals feed
into the basal ganglia and contribute to a motor behaviour by direct projections to the
midbrain motor region and by indirect projections to the thalamus. The basal ganglia
influence motor circuits through their myriad miniloops to help specify the combination,
sequence, and direction of movements. These parallel arrangements occur in cerebellar and

most other sensory and motor projections.

Neurotransmitter effects on recovery: After being given dextroamphetamine, rats and cats
that underwent a unilateral or bilateral ablation of the sensorimotor or frontal cortex had more
rapid recovery of the ability to walk across a beam than did controls. Neurotransmitters,
including acetylcholine, norepinephrine, dopamine, and serotonin, have enhanced motor

recovery.

Biologic mechanisms of restoration: Motor learning can produce the arborisation of
dendrites and the growth of synapses in the cerebral and cerebellar cortex in animals. After a
unilateral injury to the sensorimotor cortex serving the forelimb of adult rats, one study
showed the growth of neuronal dendrites in the sensorimotor cortex of the normal opposite

side.

Possible therapies for molecular biology and biotechnology: Tissue culture and vertebrate
model have shown that substances in the extracellular matrix tend to inhibit axonal
elongation at the site of injury. Direct transplantation of motor neurons and cells that produce
a specific neurotransmitter to replace lost adrenergic projections has met with some success.
The techniques to manipulate the promoters and inhibitors of neuroplasticity are still in early

development.

MOLECULAR AND CELLULAR MECHANISM OF NEUROPLASTICITY
The mechanisms of synaptic and morphological plasticity have been extensively studied in

the context of their contribution to learning and memory. We emphasize some of the common
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themes in studies of synaptic and structural plasticity, and some of the specific molecular
players most cogent to a subsequent discussion of the mechanisms of antidepressant

response.

A common theme is that many forms of synaptic potentiation are triggered (fig. 1) by
increases in synaptic calcium influx and in the local concentration of the second messenger
molecule cyclic AMP (cAMP). Local calcium influx, for example, commonly derives from
the NMDA receptor, which is a highly evolved coincidence detector—it is activated only
when presynaptic and postsynaptic cells are depolarized simultaneously. CAMP is regulated
by many modulatory neurotransmitters, including serotonin, dopamine, and norepinephrine,
as well as by calcium; it is therefore optimally suited for the integration of synaptic events
with the modulatory influences of global variables such as arousal and attention. Upon
induction by a sufficient rise in the local concentration of calcium, it can phosphorylate itself.
Autophosphorylated CaMKII is persistently active, even after calcium levels fall. Several
other calcium-calmodulin kinases exists in neurons. CaMKIV, in particular, is prominent in
the neuronal nucleus, where it is an important activator of regulated transcription factor such
as CREB.

Both CaMKIIl and other kinases can phosphorylate the GIuR1 subunit of the AMPA
glutamate receptor and associated proteins. This phosphorylation both increases the number
of AMPA receptors in the postsynaptic membrane (by triggering insertion of new AMPA
receptors) and enhances the function of those receptors already inserted. Both mechanisms
contribute to an enhancement of synaptic strength. At the structural level, insertion of AMPA
receptors can result in the activation of ‘silent synapses’. . Upon the induction of LTP,
AMPA receptors are inserted into the postsynaptic membrane at such a synapse, rendering it
active upon subsequent single presynaptic impulses (hence no longer ‘silent’). This
unsilencing of silent synapses contributes to synaptic strengthening and appears to be a major

mechanism of LTP.
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Fig. 1: mechanism of activation and modification of neuroplasticity

During development, after some of the connections had been served, or during other
pathological situations, various tissue factors may play a positive role. A substance which has
both trophic effects on nerve connections, stimulates the growth of axons, and aids the
growth and differentiation of the nerve tissue during development and recovery is the nerve
growth factor and other analogous agents. Such substances have both a both trophic effect
and a growth effect. They play an important role during the proliferation and differentiation
of the nerve tissue, and in processes of regeneration and recovery. They control the activity of
the Na+/K+ ATPase membrane pump and consequent all cellular activities depending on the

intracellular levels of Na+ and K+ or on their transmembrane gradient.

This category includes the: Ciliary neurotophic factor (CNTF), affecting mainly cholinergic
neurons of the ciliary ganglion; The ganglionic neurotrophic factor (GNTF) stimulating
neurons of sympathetic ganglia; The polyornithine binding neurite promoting factor (PNPF)
affecting spinal neurons and the spinal neurotrophic factor (SNTF) the target of which are

skeletal muscle cells and glial cells of the peripheral and central nervous system.

Neuroplastic processes, which are based on the formation and restoration of the fine structure
of the nervous tissue, depend on the adequate supply of essential substances formed in the
soma of the cell, which are transported by means of axonal flow to the site of proliferation-to
the growth cones. Every substance which activates the anabolic functions of the soma or
which maintains or accelerates axonal transport can be considered as a neurite-promoting

factor.
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One of the principle factors which determines the effect of neuroplastic mechanisms for the
maintenance or recovery of the functional and structural integrity of the nervous system is
probably the actual state of the internal environment of the CNS. We can hypothesize that
growth, responsiveness, adaptation and reparation are components of a single general
mechanisms which is based on common principles and may share various mediators and

common factors.

ROLE OF NEUROPLASTICITY IN PHYSIOLOGICAL AND PATHOLOGICAL
CONDITION

Neuroplasiticity In Physiological Conditions

Neuroplasticity is brought about by several mechanisms. These changes can be caused by
several events including an increase in excitatory neurotransmitter release or a reduction of
tonic inhibition. Studies on rodents have found that the administration of the GABA
antagonist bicuculline results in both rapid changes in the cortical representation of M1, and
an increase in the strength of synaptic connections in M1, indicating that GABAergic neurons
play a critical role in modulating plasticity. Human studies support the animal experiments
and have clearly demonstrated that a reduction of GABA —mediated inhibition facilitates
neuroplastic change in primary motor cortex. A increase in synaptic efficacy is referred to as
long-term potentiation(LTP), and requires high-frequency stimulation of excitatory afferents.
A decrease in synaptic efficacy can also be induced with lower frequencies, and is referred to

as long-tern depression(LTD).

The form of potentiation can be broadly divided into potentiation that is either N-methyl-D-
aspartate (NMDA) receptor-dependent or —independent. The NMDA receptor plays an
important role in the induction of NMDA receptor dependent potentiation due to its unique
structural and functional characteristics (fig.2). Specifically, the NMDA receptor is a ligand-
gated (glutamate) ion channel that is blocked by Mg2+ in a voltage-dependent manner. This

characteristic of the NMDA receptor helps explain the properties of activity-dependent LTP.

NMDA receptor consists of mainly five binding sites as, modulatory site, zinc modulatory
site, glycine binding site, glutamate binding site and magnesium binding site. When, glycine
and glutamate binds the receptor, it leads to calcium and sodium ions influx and potassium
eflux. the level of depolarization of the NMDA receptor needs to reach a critical threshold
level to expel the Mg2+, for induction of LTP, which is a function of not only the stimulus

intensity, but also the pattern of stimulation.
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Fig. 2: neuroplasticity in pathological conditions

Parkinson’s disease

Parkinson’s disease results from greatly reduced activity of dopamine secreting cells caused
by the cell death in the pars compacta region of the substansia nigra, death in the substansia
nigra and ventral (front) part of the pars compacta. Their is neuronal loss and lewy bodies
deposition seen in parkinson’s disease. Neuronal loss is accompanied by death of astrocytes

(star-shaped glial cells) and activation of the microglia (another type of glial cell).

Mechanisms of brain cell death: (fig. 3)

Accumulation of protein: Accumulation of alpha-synuclein protein bound to ubiquitin in the
damaged cells. This insoluble proteins accumulates inside neurons forming inclusions called
lewy bodies. This lewy bodies first appears in the olfactory bulb, medulla oblongata and

potine tegmentum.

Proteosomal and lysosomal system dysfunction and reduced mitochondrial activity: In
this, their is an iron accumulation in substansia nigra in conjunction with protein inclusions
like lewy bodies. It may be related to oxidative stress, protein aggregation and neuronal
death.

Glutamate binds to NMDA receptor, leads to calcium influx. This calcium ions releases nitric
oxide synthase enzyme, and forms nitric oxide. These leds to formation of reactive oxidative
species like PINK 1 and DJ1, which leads to Cytochrome C to caspase activation further

leading to apoptosis.
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Neuroplasticity is the changes in the brain connections that restores or compensates for lost
function. For these, daily exercise is the best option for treating parkinson’s disease. Goals of
Physical therapy are: Slow sensorimotor deterioration, Prevent falls, Establish home

exercise program that challenges the person with PD, Follow up every 3-6 months.

Exercise leads to many advantages like: Protection of viable dopamine neurons
(neuroprotection), Restoring compromised neural pathways. (neuroplasticity), Increasing

reliance on undamaged systems. (neuroplasticity)
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Fig. 3: techniques of induction of neuroplasticity

Repetitive peripheral stimulation: The main technique for inducing neuroplastic change in
M1 is by pairing a peripheral electrical stimulus with TMS to the contalateral motor cortex.
The peripheral electrical stimulus was delivered to the median nerve at the wrist, which is a
mixed nerve, and provides motor innervation of the abductor pollicis brevis muscle. A single-
pulse suprathreshold TMS was delivered to the contralateral M1 at varying ISIs following the
peripheral stimulus. The study confirmed that the maximum increase in cortical excitability
following PAS occurred with an ISI of 25 ms. Importantly, the study also demonstrated that a
shorter ISI of 10 ms produced significant inhibition of MEP amplitude.

Repetitive cortical stimulation: Another experimental paradigm for inducing persistent
changes in cortical excitability is transcranial direct current stimulation. A pair of saline-
soaked surface electrodes are placed on the scalp, with the stimulation electrode placed over
the motor cortical representational field of the target muscle, and the other electrode placed
over the contralateral orbit. This form of stimulation can produce both decreases and

increases in cortical excitability, with the direction of change in cortical excitability
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dependent on whether the stimulation is cathodal or anodal. Cathodal stimulation result in a
decrease in cortical excitability, while anodal stimulation has the opposite effect. The exact
mechanism for these induced changes is still not clear, however it seems likely that the direct-
current induces changes in resting membrane potential that results in a change in NMDA-

receptor activation.

Repetitive combined peripheral and cortical stimulation: This can involve repeated
electrical stimulation of the afferent nerve or motor point, or vibration of the muscle. These
techniques involve TMS (rTMS), however the techniques differ in terms of the frequency,
duration and intensity of stimulation. Depending on the frequency of stimulation, rTMS can
either enhance or depress cortical excitability. The increase in cortical excitability outlasts the
period of stimulation. In general, low frequency stimulation depresses cortical excitability,
whereas high frequency stimulation enhances cortical excitability. The mechanisms
responsible for the induced changes in the cortex are not entirely clear. Modification of
synaptic efficacy appears a likely candidate mechanism. This is because the induced effects
outlast the period of stimulation, the effects induced obey the “homeostatic plasticity”
principle and finally, the increase in cortical excitability is associated with a reduction in
GABAa-mediated inhibition.

INHIBITION OF NEUROPLASTICITY: SCHIZOPHRENIA

The disease process of schizophrenia appears to involve deficient glutamate-mediated
excitatory neurotransmission through the NMDA receptors. Hypoactivation of only NMDA
receptors in schizophrenia is unlikely to result from deficits in glutamate release because, in
the adult monkey DLPFC, both AMPA and NMDA receptors mediate fast synaptic
transmissions at glutamate synapses; thus, decreased glutamate release would also result in
deficits in AMPA receptor-mediated transmission. It is possible, however, the NMDA
hypoactivity in schizophrenia is associated with decreased levels of synaptic NMDA receptor
proteins in particular classes of inputs that are difficult to detect. In the DLPFC, pyramidal
neurons are the principle source of the glutamate transmissions, as well as the targets of the
majority of glutamate containing axon terminals. Although the number of these neurons does
not appear to be altered in schizophrenia, neuronal density in the DLPFC and certain other
cortical regions, such as the primary visual cortex, has been reported to be increased in

schizophrenia. So there is need for decreased neuroplasticity in schizophrenia. This findings
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have raised series of questions regarding the neuroplastic nature of the apparent changes in

spine density in schizophrenia.

CLINICAL CORRELATES OF NEUROPLASTICITY
Clinical correlation means that something notable was found on diagnostic imaging but it
may not be meaningful for patient. It is checking the history and physical to see if the notable

finding has any meaning in the patients life.

Hydrocephalus: Clinical, electrophysiological and metabolic studies are required with
specific focus on the reasons for the improved noted after surgical treatment of
hydrocephalus. Non-invasive methods (such as isotopic imaging) are recommended for such
investigations. To compliment this clinical syudies, animal models of hydrocephalus should
be employed to study the effects of the enlarged ventricles on the brain by histological,
metabolic and functional criteria. New pharmacological approaches should be sought in order

to alleviate this condition.

Chronic spinal cord and brain compression: These clinical states also provides good
clinical models for experimental studies for neuroplasticity. The experimental methods to be
considered for these studies should include: quantative immunohistochemical techniques,
metabolic studies, computed topography, radiotracer techniques, nuclear magnetic resonance,
and blood flow measurements. These studies are needed in order to select simpler techniques
for treatment and to identify prognostic indicators for the total management of these

disorders.

Rehabilitation: One of the prerequisites for the successful rehabilitation of patients with
moderately severe brain injury is adequate management of diseases during its primary and
secondary stages. Methods should be sought for the adequate diagnosis and treatment of head

injuries in various parts of the world.

FUTURE PROSPECTIVES

It is evident that recent scientific developments in the understanding of neuroplasticity have
important implications for the diagnosis and treatment of disorders of the central nervous
system in man. It is obvious that the neurons of the mammalian central nervous system have
a marked capacity for regeneration. The main practical goal must now be to harness this

capacity for the purpose of functional recovery.
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The rapid development of neuroscientific studies in the field of neuroplasticity is likely to
lead to the better management of brain and spinal cord lesions in man. The development of
relevant experimental strategies will be highly dependent on the contribution of clinical

studies in man.

Two important aspects that need to be explored are: The diagnosis and management of
craino-spinal trauma and its various facets of specific relevance to particular geographical
areas of the world; and The role of environmental factors (e.g. nutrition, toxins, and infection

disorders) in limiting the capacity for repair of the human nervous system.

In recent years, important research has been carried out on the following topics: Synaptic
connections and transmitter systems, The regenerative capacity of central neurons after
experimental injury, The immunocytochemistry of central neurons, The regenerative capacity
of central neurons as revealed by grafting experiments, Monoamine grafts in the striatum,
The effect of ganglioside treatment on the plastic responses of central neurons after
deafferentation.

CONCLUSION

Neuroplastic mechanisms are important both in the genesis of disorders and disease of the
nervous system and for its repair after different types of damage and trauma. Modulation of
neuroplastic mechanisms by physical and chemical agents would appear to be one of the most

powerful therapeutic tools of restorative neurology.
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