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ABSTRACT

Neuroscientists have made significant advancements in their knowledge of the brain and nervous system over the course
of the last few decades, which has led to the discovery of interesting and vital new information on the inner workings of
these organs. In spite of these significant advances, our efforts to understand, cure, and prevent pathogenic changes have
not yielded particularly beneficial results. The objective of completely treating mental illness is still difficult to achieve,
despite the fact that it creates a huge financial burden on our society, affects more people in more ways for longer periods
of time than any other disease, and is the leading cause of disability worldwide. As of right now, we do not know if
schizophrenia or any other mental condition reflects the expression of separate diseases. If this is the case, then we do
not know what biological similarities and differences exist across the diagnostic categories that we utilize. Naturally, even
short-term assistance that reduces the symptoms of the illness and the accompanying suffering of the targeted hospital
populations is very valuable and constitutes a significant contribution. This is because the symptoms of the illness and the
accompanying suffering are a direct result of the illness. Mental illness certainly has an effect on more than just the
person who is experiencing it; it is a burden on families as well as on society as a whole, diminishing the sufferer's ability
to have a positive societal influence, their capacity to work, and their general quality of life.
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INTRODUCTION

What exactly does "neurochemistry” mean? Neurochemistry is a subfield of chemistry that
focuses on the study of the many kinds of chemical components present in the nervous system
as well as their structures and activities. These components, in turn, have an effect on the
physiological functioning of the nervous system. Small organic molecules, neurotransmitters,
and neuropeptides are examples of the types of chemicals that are the primary focus of
neurochemistry. This branch of chemistry is primarily concerned with the substances that are
unique to the nervous system. Alzheimer's disease and Parkinson's disease, for example, are
both examples of neurological conditions that are often caused by changes in the
neurochemistry of the body.
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Neurochemicals are used by modern medicine to effect changes
in brain function and to cure illness. Microchemists investigate
that how components of the nervous system operate throughout
processes such as brain plasticity, neural development,
learning, and the generation of memories, as well as how these
components go through changes during disease processes,
neurological dysfunction, and the ageing process. (Guan et al.,
2022) This chapter will provide an overview of the chemical
components that make up the nervous system, as well as a short
discussion of the ways in which both internal and external
events may influence and alter these components.

Objective

The research aimed to fulfill the following objectives:
e To study neurotransmitters and neuropeptides
e Learning neurochemistry

e Post-traumatic stress disorder and the brain's
neurochemistry

METHODOLOGY

The first "International Neurochemical Symposia” book,

Biochemistry of the Developing Nervous System, was published
in 1954 and founded neurochemistry as a science. These
meetings established the International and American Societies
for Neurochemistry. Acetylcholine, histamine, substance P, and
serotonin were mentioned as putative synaptic transmitters in
these early meetings. Ideas were clearer by 1972. "Putative
neurotransmitters in some neuronal pathways in the brain”
include norepinephrine, dopamine, and serotonin. Despite this,
the number of hospitalised and incapacitated individuals is
substantially decreased, showing progress, new dogmas, and
renewed optimism. This area is rapidly evolving, with better
medications, greater knowledge, and wider understanding. Our
knowledge of the mechanisms that influence behaviour, define
disease, and relate to receptors, cells, components,
connections, plasticity, and physiological processes is growing
rapidly. As we learn more, brain systems, especially those that
govern behaviour and cause dysfunction, are complicated.
Considering the complexity, multi-departmental collaboration
is advised. Structural, imaging, genetic, electrophysiological,
pharmacological, and biological information is needed to
explore protein-structural interaction. Susceptibility is crucial
to understanding these complex systems, which are becoming
more understandable. Understanding would benefit medicine,
culture, mankind, and the economy.

The Neurochemistry

Although though there are billions of nerve cells, also known as
neurons, in the human brain, not a single one of them performs
any kind of activity on its own. In order for information to be
processed, circuits must be established between neurons, and
these neurons must communicate with one another quickly and
accurately. Electrical impulses are responsible for the
transmission of information inside a neuron. These impulses are
created by rapid changes in membrane potential, They in turn
are caused by the deliberate opening and shutting of ion
channels. lons both positive and negative may selectively travel
through the cell membrane from the inside to the outside.
These holes are necessary for the transmission of electrical
impulses through the processes of the cell. It is necessary for

additional processes to be present in order for information to
be transferred between neurons at their synapses (junctions).
The majority of neurons in an adult nervous system
communicate with one another through the use of chemical
synapses. However, some neurons are able to establish
electrical synapses, in which electrical impulses are transmitted
directly from one neuron to the other through the use of
specialised ion channels (gap junctions). Electrical activity in
one neuron triggers the release of either a neurotransmitter,
which again diffuses throughout the synaptic cleft and attaches
to neurotransmitter receptors located on the neuron, altering
the electrical impulses of the postsynaptic neuron. Chemical
synapses arise in this manner. (Post, 2018)

Synaptic Transmission Neurochemistry

The synthesis, packing, and release of neurotransmitters, as
well as the creation and function of neurotransmitter receptors,
all entail many neurochemical processes. Each of these
metabolic processes is a potential location of control of synapse
function and a place where age-related alterations may occur.

Acetylcholine, biogenic amines (dopamine, norepinephrine,
epinephrine, histamine, or serotonin), and amino acids are only
few of the many tiny molecules that neurons create and release
to function as neurotransmitters (glutamate, glycine, or
gamma-aminobutyric acid). Further regulation of signal
transmission is  provided by neuroactive peptides
(neuropeptides), which are released by many neurons. At low
levels of neuronal activity, just the small-molecule transmitter
is released, but at greater levels of activity, neuropeptides are
also released. Yet, as neuropeptides are slowly supplied and
must be transferred from the cell body, their release may cease
at very great levels of activity. Yet, the necessary synthetic
enzymes for the synthesis of certain neurotransmitters are
already found in the cytoplasm in close proximity to the
synapse, allowing for considerably faster synthesis and
packaging. A surge in intracellular calcium is triggered by
depolarization (reduction in membrane potential) associated
with the arrival of action potentials, which are regenerating
waves of electrical activity that serve as the basis for signalling
along neural processes. Vesicles are membrane-bound
cytoplasmic bundles, and increased calcium levels modify
vesicle-binding proteins to facilitate vesicle fusion only with
cell membrane and subsequent release if their contents through
into extracellular environment. (Heller, 2018)

All neurotransmitters, after being released, bind to their
respective receptors on the postsynaptic neuron and set off a
cascade of cellular changes. What triggers a response from a
postsynaptic cell is not the neurotransmitter but rather the
molecular features of the receptor protein. While there are
several receptor types for various neurotransmitters, each
neurotransmitter attaches to a specific receptor and triggers a
unique reaction in the cell it binds to. There are two functional
classes of neurotransmitter receptors, distinguished by the
different ways in which they modify the neuron's electrical
activity. Upon neurotransmitter binding, ionotropic receptors
immediately open their associated ion channel. Via the
stimulation of second-messenger pathways, metabotropic
receptors exert indirect control over ion channels. These three
known second-messenger systems all have a similar structure,
consisting of a ligand-binding receptor domain connected to a
transducer that controls the activity of an effector enzyme. This
enzyme generates a second messenger that may either act
directly on a target protein or stimulate the production of

Journal of Complementary Medicine Research | Volume 14 | Issue 4 | 2023-




Arpan Kumr Tripathi et al: Evaluating The Neurochemistry Of Ptsd And Its Relationship To The Brain Function-Related Consequences Of
Neurochemical

additional effector enzymes. As well as controlling ion channels,
second-messenger systems may affect other intracellular
processes and produce long-lasting alterations in activated
neurons. (Bryant, 2018)

Neurotransmitters must be swiftly eliminated or destroyed once
they have engaged their receptors in order to allow for the
transmission of following impulses. Diffusion from the synaptic
cleft is a common occurrence for several neurotransmitters.
Pre- and postsynaptic neurons, as well as adjacent cells, are
responsible for recycling small-molecule neurotransmitters. In
the synapse, a membrane-bound enzyme quickly degrades the
neurotransmitter acetylcholine (Ache). As compared to small-
molecule neurotransmitters, the effects of neuroactive
peptides tend to last longer since they can only be removed
from the system through diffusion across the synaptic cleft or
by proteolysis (degradation) by extracellular enzymes.

Changes in Synapse Neurochemistry with Aging

It indicates that normal ageing causes substantial but limited
neurochemical alterations in synapses. Although there may be
localized alterations in the neurochemistry of certain synapses,
it does not seem that this is the case for the vast majority of
them. Nevertheless, acetylcholine (Ache) synthesis has been
demonstrated to decrease with age in several brain regions,
despite the fact that studying neurotransmitter production is
difficult because the majority of the synthetic enzymes
typically unstable and hard to measure. This pattern
undoubtedly varies by location, but it seems that other
neurotransmitter levels (such as dopamine) decline with age as
well. That neurotransmitter receptors modify with ageing has
been studied by directly assaying the proteins and by evaluating
the adherence of tagged neurotransmitters to brain areas. This
might imply that age-related changes have less of an effect on
the receptors on neuropeptides and some amino acid
neurotransmitters. The number of Ache, dopamine, and
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serotonin receptors, on the other hand, decreases with age in
some regions of the brain. This was shown to be the case
(Carrion et al., 2017). Even at synapses in which both
neurotransmitter levels plus neurotransmitter receptors are
maintained, age-related reductions in synaptic function may be
caused by changes in second-messenger systems. These changes
might explain why plasticity declines with age. Plasticity is
defined as the ability of synaptic stimulation to trigger long-
lasting biological reactions in postsynaptic neurons.

Implications of Neurochemical Alterations in Aging for
Function

Changes in the neurochemistry of synapses as we age make it
challenging to establish a causal relationship between ageing
and declines in certain cognitive abilities. Despite the fact that
neurochemical studies conducted on experimental animals are
easier to handle and reproduce than those conducted with
postmortem human brain tissue, these studies do not establish
a clear relationship to the cognitive changes that occur in
humans. In spite of these obstacles, there is an increasing body
of research suggesting that changes in motor performance,
mood, and memory are caused by age-related reductions in
transmission across cholinergic, serotonergic, or dopaminergic
synapses. Recent advancements in functional brain imaging
have made it possible for significant strides to be made in our
knowledge of the neurochemistry of synapses, changes that
occur in the brain as a natural part of the ageing process, and
the influence these changes have on cognitive ability.
Researchers are able to detect the activity of certain types of
synapses in different regions of the brain by using radioactive
ligands for specific neurotransmitter receptors, which can be
viewed in living individuals via the use of positron emission
tomography (PET). This method enables researchers to establish
a direct connection between neurochemical variances and
variations in cognitive performance over a wide range of ages.
(Posson, 2019)
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Figure 1: Neurochemistry

Learning Neurotransmitters and neuropeptides

The most important aspects of neurochemistry are the
neurotransmitters and neuromodulators that make up the

chemistry activity inside the nervous system and are
accountable for the transmission or nerve impulses. There are
a wide variety of neurochemicals essential to the proper
functioning of neural circuits in the brain.
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Magnicellular neurosecretory cells are responsible for the
production of the neuropeptide oxytocin. Not only is this
neuropeptide important in utero and postnatally, but it also has
a function in maternal behavior and sexual reproduction. As a
precursor protein, it requires the aforementioned proteolytic
procedure to activate the neuropeptide into a more compact
form. Inside the hypothalamic-pituitary-adrenal axis, oxytocin
inhibits cortisol and adrenocorticotropic hormone synthesis.
Furthermore, it plays a role inside the letdown reflex that
happens when nursing moms stop feeding their babies. This
hormone also has a role in uterine contractions.

Action  potentials are generated when excitatory
neurochemicals are released in the synaptic cleft. One example
of such a neurochemical is glutamate, the most widely
distributed neurotransmitter. Gamma-aminobutyric acid, or
GABA for short, is an inhibitory neurotransmitter. This is
accomplished by binding toward the plasma membrane at
neuronal synapse sites, which in turn triggers the movement of
negatively charged chloride ions into the cell and positively
charged potassium ions out of the cell. This is according to
(Bogoch & Bogoch). This negative change induces an ion
exchange across the neuron's membrane, leading to a
hyperpolarization of the cell's transmembrane potential.

The limbic system, which would be responsible for the
modulation of emotional processes, relies heavily on the
neurotransmitter dopamine. Dopamine is a neurotransmitter
that helps control a wide variety of brain processes, including
as learning, memory, motivation, reward, sleep, milk
production, and movement.

Serotonin is a neurotransmitter that controls your mood as well
as your ability to sleep and other brain processes. It's found in
the gut and blood, and it mediates signals from the periphery
to the central nervous system. Moreover, studies suggest that
serotonin plays a crucial role in the liver's ability to regenerate.

The neurochemistry of normal neurons

Neurochemistry is the study of neurons, including their many
types, their architecture, their activities, and indeed the
chemical chemicals that make them up. The chemical exchange
between neurons involves several different types of signaling
molecules, including but not limited to neurotransmitters,
neuropeptides, enzymes, neuromodulators, and many more.
The underlying cause of many neurological disorders is an
imbalance in brain chemistry. Dopamine imbalance is a
hallmark of several neurological disorders, including Parkinson's
disease. There are a number of neurological disorders that may
be treated with the use of neurochemicals that can be found in
medicine. The interactions between the brain's chemical
components, neural plasticity and development, the physical
factors that illness and ageing cause to the brain, and the
effects of these processes on cognition are all prime areas of
study for a microchemist. (Zelenina, 2020)

PTSD and the Brain's Neurochemistry

Examining the ways in which post-traumatic stress disorder
causes changes to the brain is one of the primaries focuses of
study in the field of neurochemistry. Changes in
neurotransmitter levels have been shown to influence both the
occurrence of PTSD episodes as well as the severity of their
symptoms. Dopamine is associated with a weaker impact than
its counterpart, norepinephrine. Many neurochemicals have the
potential to have varying effects on various regions of the brain.
Because of this, medications that are used to treat PTSD do not
have the undesirable consequence of disrupting the functioning
of other brain functions. Prazosin is a useful drug that is able to
help lessen the nightmares that are connected with PTSD.
(Hydén)

Neurocircuitry/Neurochemistry of the “Dark Side”
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