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Neurotransmitters of the Nervous System-Characterization and Methodological 
Approaches to the Study Using Monoclonal Antibodies
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ABSTRACT
A mediator is a physiologically active substance found in a nerve cell in a bound form, which is secreted from an excited nerve ending into the synaptic cleft 
and specifically acts on the receptors of the postsynaptic target cell. When a neurological stimulus reaches the end of a nerve fiber, neurotransmitters are 
produced, and by diffusing across the synapse, they cause the impulse to be transferred to another nerve fiber, a muscle fiber, or some other component. CNS 
comprises neurotransmitter indicators in the form of genes and proteins that are expressed uniquely in various cells. The major neurotransmitter indicators’ 
neurological, developmental, and pathological functions are demonstrated in this article.
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List of Abbreviations
5-HT3 Serotonin receptor 3
AMPAα amino-3-hydroxy-5-methyl-4-isoxazole propionic 

acid
CaBP Calcium-binding protein
CB Calbindin
CR Calretinin
ENK Enkephalin
GABA Gamma-aminobutyric acid
GABAAα1 Gamma-aminobutyric acid receptor A, α1 subunit

MGluR Metabotropic glutamate receptor
MGluR1a Metabotropic glutamate receptor 1, splice varianta
NMDA N-methyl-D-aspartate
NPY Neuropeptide Y
NT Neurotransmitter
PV Parvalbumin
RLN Reelin
SOM Somatostatin
sub P rec Substance P receptor
vGAT Vesicular GABA transporter
vGluT Vesicular glutamate transporters
VIP Vasoactive intestinal polypeptide

A neurotransmitter is a physiologically active substance found in 
a nerve cell in a bound form, which is secreted from an excited 
nerve ending into the synaptic cleft and specifically acts on the 
receptors of the postsynaptic target cell [1].

Evidence of the mediator role of compounds in the nervous 
system is:
1.	 Their selective localization in the bodies of neurons and, in 

especially high concentrations, in presynaptic formations, 
where they are deposited in synaptic vesicles.

2.	 Their action on the postsynaptic membrane, as a result 
which changes its permeability to ions.

3.	 A sharp increase in their number in the extracellular fluid 
and outflowing blood upon stimulation of the presynaptic 
nerve fiber.

4.	 The presence in the nerve endings of enzymes involved in 
the synthesis and breakdown of neurotransmitters.

5.	 Calcium-dependent secretion of the mediator from nerve 
endings during their depolarization (presynaptic stimulation) 
in quantity corresponding to the number of stimuli.

6.	 The identity of the action of low concentrations of exogenous 
mediator (application, microiontophoresis) and a natural 
endogenous transmitter to the receptors of the postsynaptic 
membrane, tested by the formation of an excitatory or 
inhibitory postsynaptic potential.

7.	 Pharmacological agents (lytic or mimetic agents) acting on 
the receptors of the postsynaptic membrane should block or, 
accordingly, reproduce the effects of the intended transmitter.

8.	 The presence of a highly selective active capture system 
mediator to the appropriate terminals.
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There is a division of transformation mechanisms chemical 
signal, separation of receptors mediators into two categories - 
ionotropic and metabotropic. Ionotropic receptors (the so-called 
“channel”, fast) form a single complex with the ionophore, 
so that the change in the conformation of the receptor caused 
by the mediator leads to the opening of ion channels and 
rapid significant shifts in the conductivity of the postsynaptic 
membrane. An example is the GABA, glycine, and acetylcholine 
receptors during its interaction with nicotinic cholinergic 
receptors and part of the receptors for glutamate, aspartate, and 
purines. Metabotropic receptors (the so-called slow ones) carry 
out the postsynaptic effect by activating specific membrane 
enzymes that ensure the formation of secondary messengers in 
the membrane or in the cytosol of the postsynaptic cell, which, 
in turn, specifically activate certain enzymes; at the same time, 
cascades of enzymatic processes are launched, ultimately leading 
to covalent modification (usually phosphorylation) of membrane 
or cytoplasmic proteins. This type of action is realized much 
more slowly than the ionotropic one and is accompanied by 
relatively small shifts in the conductance of the postsynaptic 
membrane. The metabotropic category includes the interaction 
of acetylcholine with muscarinic receptors, the postsynaptic 
action of catecholamines and serotonin [2].

There are two main types of neuromodulation - presynaptic and 
postsynaptic.

Presynaptic Modulation
The release process of many neurotransmitters is modulated 
through autoregulation; the released neurotransmitter acts on its 
own presynaptic autoreceptors, decreasing subsequent release 
(presynaptic inhibition) or increasing release (presynaptic 
facilitation). In this situation, the neurotransmitter simultaneously 
performs the function of a neuromodulator. For example, 
presynaptic α-adrenergic receptors of sympathetic nerve endings 
mediate inhibition of norepinephrine secretion. Presynaptic 
autoreceptors are coupled to the adenylate cyclase system. 
According to their pharmacological characteristics, presynaptic 
autoreceptors differ from postsynaptic receptors of the same 
neurotransmitter. Presynaptic autoreceptors of glutamate, 
serotonin, dopamine, GABA, histamine, adrenoreceptors, 
muscarinic cholinergic receptors are known [3].

Modulation can occur at the level of changes in the excitability 
of nerve endings, biosynthesis of neurotransmitters, entry of 
Са2+ into the nerve ending, and at the stages of exocytosis [4,5].

Postsynaptic Modulation
Postsynaptic modulation can be autoregulatory (positive or 
negative) when the activity of receptors is changed by modifying 
their affinity or quantity, as well as due to changes in receptor-
coupled systems intracellular and intramembrane mediators. An 
example is receptor desensitization with prolonged exposure 
to a neurotransmitter and hypersensitization with insufficient 
exposure to it [5].

Postsynaptic receptors undergo heteroregulation as a result 
of exposure to neuromodulatory substances. Of considerable 
interest is the postsynaptic interreceptor interaction between 
accompanying mediators, primarily neuropeptides and classical 
neurotransmitters [1,5].

Associated Mediators
Associated, or coexisting, mediators (cotransmitters) are 
synaptic mediators that are characterized by co-localization and 
co-release. Co-localization refers to the synthesis and deposition 
of mediators in the same neuron, their presence in the same 
presynaptic endings, but not necessarily in the same synaptic 
vesicles. Thus, low molecular weight classical neurotransmitters 
are deposited mainly in small optically transparent vesicles, 
while peptide mediators are deposited in large optically 
dense vesicles, although there are data on cases of their joint 
localization. The difference in the systems of deposition of these 
types of mediators is due to differences in the places of their 
synthesis: classical neurotransmitters are synthesized in the 
cytoplasm of presynaptic endings and then enter the synaptic 
vesicles, while peptide mediators are synthesized in the Golgi 
apparatus, i.e., in the soma of the neuron, and are delivered to 
the nerve endings already packaged into bubbles. Co-release is 
understood as exocytosis of two (or more) mediators as a result 
of the same process of activation of the presynaptic ending in 
the form of a discharge of action potentials with one or another 
frequency. Another sign of concomitant mediators is the ability 
to cause functional changes in the same target cell [6].

The classification of neurotransmitters and neuromodulators 
is based on their chemical nature.

Neurotransmitters are divided into two large groups:
1.	 amino acids: γ-aminobutyric acid (GABA), glycine, 

glutamate and aspartate;
2.	 biogenic amines: as a rule, they are derivatives of amino 

acids, as a result of their decarboxylation.

Further division within the group is based on the nature of the 
interaction of the amino group with the organic radical:
•	 acetylcholine is the only representative of choline derivatives;
•	 histamine is a histidine derivative and contains an imidazole 

group;
•	 monoamines in addition to the primary amino group contain 

derivatives of indole (serotonin) or catechol (catecholamines 
dopamine, adrenaline and norepinephrine). The basis for 
the synthesis of indole and catecholamines are amino acids 
tryptophan and tyrosine, respectively.

Neuromodulators are divided into four large groups:
1.	 neuropeptides (endorphin, met-enkephalin, calcitonin, 

substance P) are formed from large protein precursor 
molecules. More than one neuropeptide can be formed from 
one protein. More than one neuropeptide can be present in 
one cell at the same time, often acting as a mediator;

2.	 derivatives of fatty acids (eicosanoids and arachidonic acid) 
are involved in the regulation of inflammation, fever, etc.;

3.	 purines and pyrimidines (extracellular ATP, ADP, adenine, 
as well as UTP and UDP).

4.	 gaseous substances (NO, CO and H₂S) are characterized by 
the absence of specific mechanisms of accumulation and 
storage inside the cell, as well as the absence of specific 
receptors on the postsynaptic membrane.

Acetylcholine (ACh)
The mediator acetylcholine is an ester of choline and acetic acid. 
It is widely represented in various parts of the central nervous 
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system, especially in the basal ganglia, thalamus and gray matter 
of the cerebral hemispheres, where its content is several times 
higher than that in the white matter of the cerebral hemispheres. 
The smallest amount of ACh is found in the cerebellum [7].

Based on data on the extraction of acetylcholine from the 
nervous tissue, it is assumed that it is in three forms with different 
localization:
•	 free - 25% of the total amount of ACh;
•	 labile bound - easily extractable water;
•	 strongly associated with proteins. 

Free ACh is located in the extracellular space, labile bound in 
the cytoplasm, and tightly bound in synaptic vesicles. The role 
of vesicles is in the synthesis, storage and secretion of ACh. For 
the synthesis of the neurotransmitter, the nervous tissue receives 
choline from the outside, since it is practically not synthesized 
in the brain and enters there from the blood through the BBB 
(blood-brain barrier). At the same time, part of the choline is 
used for the synthesis of lecithin and ubiquinone.

The intracellular content of choline in the brain tissue is more 
than 50%, the rest of it is captured by the terminals from the 
synaptic cleft after hydrolysis and is reused. Choline captured 
by cholinergic terminals (60-70%) immediately turns into 
acetylcholine. The synthesis of acetylcholine is inhibited by thiol 
reagents, Сu2+, some α-keto acids, especially α-ketoglutarate, 
and monoiodine acetate. The active center of the enzyme 
contains imidazole, a histidine residue that accepts the acetyl 
group of acetyl-CoA and transfers it to choline [8].

The content of acetylcholine and the activity of acetylcholine 
transferase in nerve endings are ≈ 100 times higher than in the 
nerve. This reserve is enough to carry out the transmission of 
several thousand pulses. However, under conditions of prolonged 
stimulation of cholinergic nerves, the supply of the mediator in 
the terminals is depleted. It is still not completely clear where the 
synthesis of acetylcholine comes in the terminals - exclusively 
in the cytoplasm, followed by the accumulation of the mediator 
in synantic vesicles or partially in synaptic vesicles. Cleavage 
of ACh occurs under the action of acetylcholinesterase (AChE). 
AChE is a typical neuronal enzyme localized in synaptic 
membranes, where it inactivates “used” Ach [7,8].

The cholinergic system of the brain is formed by three main 
clusters of neurons:
1.	 motor neurons of the spinal cord - form neuromuscular 

connections, the collaterals of these cells form excitatory 
synapses on small intercalary neurons of the intermediate 
substance;

2.	 interneurons of the basal nuclei - mainly localized in the 
striatum (striate body);

3.	 projection neurons form synapses with cells located at a 
considerable distance from the places of localization of the 
accumulation of their bodies. The processes of projection 
neurons are able to form both excitatory synapses and 
inhibitory synapses. Often in these neurons, ACh is 
colocalized with GABA.

Small clusters of cholinergic neurons exist in the cerebral cortex, 
the hippocampus, and the olfactory bulb.

Acetylcholine interacts with receptors on the postsynaptic 
membrane or with autoreceptors on presynaptic terminals. The 
division of cholinergic receptors is based on the nature of their 
interaction with alkaloids: nicotine and muscarine.

N-cholinergic receptors are activated by nicotine and blocked by 
curare, M-cholinergic receptors are activated by muscarine and 
blocked by atropine.

N-cholinergic receptors are located on postganglionic neurons of 
the autonomic ganglia, cells of the cerebral cortex, hippocampus, 
thalamus, hypothalamus, and pontine nuclei.

M-cholinergic receptors are located on the neurons of the 
cerebral cortex, hippocampus, amygdala, striatum, olfactory 
bulb, postganglionic neurons of the autonomic ganglia and 
cardiomyocytes.

Taking into account the localization of cholinergic neurons 
and the localization of ACh receptors, the following biological 
effects of ACh are distinguished:
1.	 ensuring the work of internal organs. ACh reduces the 

frequency and strength of heart contractions, increases the 
secretory and motor activity of the intestine, relaxes the 
involuntary sphincter of the bladder, facilitating urination, 
reduces the smooth muscles of the bronchioles and eyes 
(iris sphincter), etc.;

2.	 participation in the work of the neural systems of the brain 
- the brain is relatively richer in M-cholinergic receptors, 
while H-cholinergic receptors predominate in the spinal 
cord. Nicotine at low concentrations has a moderate 
excitatory effect on the neurons of the hippocampus and 
cerebral cortex, while at high concentrations it inhibits the 
work of cholinergic systems.

3.	 In the central nervous system, acetylcholine is involved 
in the control of motor activity and processes associated 
with learning and memory. Dysfunction of the cholinergic 
system is observed in neurodegenerative diseases, in 
particular in Alzheimer’s disease. At the same time, AChE 
activity in the neurons of the cerebral cortex, hippocampus 
and amygdala decreases, ACh biosynthesis and choline 
reuptake decrease, destruction of cholinergic neurons in the 
basal nuclei and a decrease in the number of n-cholinergic 
receptors in hippocampal neurons are noted. In the course 
of the development of Parkinson’s disease, hyperactivity 
of striatal neurons is noted, as a result, a decrease in the 
activity of dopa-minergic structures of the midbrain, and 
in case of Huntington’s chorea, on the contrary, the loss of 
corpus striatum neurons;

4.	 providing neuromuscular transmission - the innervation of 
the striated muscles is carried out by the processes of the 
cholinergic neurons of the anterior horns of the spinal cord 
or the motor nuclei of the cranial nerves.

Biogenic amines
•	 Biogenic amines include:
•	 dopamine (3,4-dioxyphenylethylamine)
•	 norepinephrine
•	 adrenaline (epinephrine)
•	 serotonin (5 hydroxytryptamine)
•	 histamine.
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The main neurotransmitters of the adrenergic system are 
norepinephrine and dopamine, and not adrenaline, as previously 
thought. The largest amount of norepinephrine and dopamine is 
concentrated in the hypothalamus, the smallest - in the cerebral 
cortex [9].

Norepinephrine
The biosynthesis of catecholamines mainly occurs in the body of 
the neuron, followed by transport with the help of axonal current 
to the nerve endings and entry into the vesicles. The stocks of 
norepinephrine (NE) in vesicles are represented by two forms: 
strongly bound and labile bound. Tightly bound NE is a reserve and 
is released from vesicles under the influence of various influences. 
It practically determines the total content of NE in the brain. 
Labile-bound NE accounts for 10-15% of the total amount of NE 
and is a functionally active form of NE that is involved in nerve 
impulse conduction. This form, unlike the first, is characterized 
by a high speed of metabolism. There is also a cytoplasmic 
form of NE, which is insignificant in volume, but intensively 
metabolizing. The labile-bound form of NE is replenished by the 
breakdown of tightly bound NE, uptake of cytoplasmic NE, and 
biosynthesis. The precursor of catecholamines is tyrosine, the 
hydroxylation of which occurs with the participation of tyrosine-
3-hydroxylase. This reaction is the slowest in the biosynthesis 
of catecholamines, therefore it determines the flow rate of their 
synthesis. The next step in the biosynthesis of catecholamines, 
decarboxylation of dihydrooxyphenylalanine to dopamine, is 
catalyzed by dopa decarboxylase. In the brain, there is an excess 
of DOPA-decarboxylase, the highest activity of which is noted 
in the hypothalamus and midbrain, the lowest - in the cerebral 
cortex and cerebellum. A high activity of DOPA decarboxylase 
was also found in the capillaries of the brain, which is an obstacle 
to the penetration of DOPA into the brain due to the formation of 
dopamine, which does not pass well through the BBB [10].

The immediate precursor of NE is dopamine, which is involved 
in the functioning of the brain as a neurotransmitter. 

Hydroxylation of dopamine at the β-carbon atom to norepinephrine 
is carried out by the enzyme dopamine-β-hydroxylase. This 
enzyme is localized within vesicles that contain catecholamine 
and requires the presence of ATP, NAD, NADP and Са2+ to be 
active. The final step in the biosynthesis of catecholamines, the 
methylation of NE to adrenaline, proceeds with the participation 
of the enzyme phenylethanolamine-N-methyltransferase. This 
reaction carries out the transition of a substance with pronounced 
neurotransmitter properties - NE to adrenaline, which is a typical 
hormone. The methyl group donor is adenosylmethionine. The 
activity of phenylethanolamine-N-methyltransferase in the 
brain is insignificant and the process of adrenaline biosynthesis 
proceeds here very weakly [11].

Two enzymes, monoamine oxidase (MAO) and catechol-oxy-
methyltransferase (COMT), are involved in the catabolism of 
catecholamines. COMT along with MAO plays an important 
role in the inactivation of catecholamines. Unlike MAO, which 
catalyzes the oxidative deamination of catecholamines within 
the presynaptic space, COMT degrades catecholamines in the 
synaptic circuit.

Projections of neurons in the locus coeruleus, containing 
norepinephrine neurons, are part of the ascending reticular 
activating system that regulates attention, arousal, and circadian 
rhythms. On the periphery, the adrenergic system determines the 
functioning of the sympathetic division of the autonomic nervous 
system, the effects of various stressful effects on the body: 
control of the cardiovascular system, increased glycogenolysis 
in the liver, etc [12]. 

Dopamine
Dopamine is involved in the regulation of many bodily functions: 
modulation of blood pressure, cognitive processes, control of 
emotions and physical activity. The nigro-striatal dopamine 
system is responsible for the initiation and control of locomotor 
manifestations of vital activity.
The loss of dopaminergic neurons in the midbrain (substantia 
nigra) leads to the development of Parkinson’s disease, which 
is expressed in a violation of the inhibitory control over the 
contraction of striated muscles. Dopamine deficiency has 
been noted in Alzheimer’s disease and schizophrenia. On 
the contrary, hyperactivity of the dopaminergic systems of 
the brain is observed during the development of manic states 
and hallucinations. Modulation of autonomic centers of the 
hypothalamus under the action of dopamine causes changes in 
food and water intake, hormonal status (due to an indirect effect 
on the pituitary gland) [13].

Projections of locus coeruleus neurons are part of the ascending 
reticular activating system that regulates attention, arousal, and 
circadian rhythms. On the periphery, the adrenergic system 
determines the functioning of the sympathetic division of the 
autonomic nervous system, the effects of various stressful effects 
on the body: control of the cardiovascular system, increased 
glycogenolysis in the liver, etc [12].

Serotonin (5-hydroxytryptamine)
The highest content of serotonin was found in the chromaffin 
granules of the cells of the gastrointestinal tract, spleen, platelets, 
where it performs a hormonal function, in the tissues of the brain 
and spinal cord it acts as a mediator.

The highest concentrations of serotonin in the CNS are found in 
the hypothalamus and midbrain, the lowest - in the cerebellum. 
The concentration of serotonin in the gray matter of the brain is 
almost twice as high as in the white matter. The administration of 
serotonin to animals causes disturbances in the coordination of 
movements, a state of stupor and the phenomenon of catalepsy. 
With a decrease in the content of serotonin in the brain, 
aggressiveness appears. The CNS effects of catecholamines and 
serotonin are opposite. With a decrease in the concentration of 
serotonin in the brain, persistent insomnia is observed, which 
is removed by the introduction of the immediate precursor of 
serotonin, 5-hydroxytryptophan [14].

The half-life of serotonin is 10-30 minutes. Serotonin doesn’t 
penetrate well through the BBB, but 5-hydroxytryptophan 
penetrates well through it.
The limiting step in the synthesis of serotonin in serotonergic 
neurons is the formation 5-hydroxytryptophan and depends on 
the entry of tryptophan into the brain through the BBB. The 
coenzyme of tryptophan-5-hydroxylase is pyridoxal phosphate. 
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Serotonin metabolism
Inactivation of serotonin is carried out by its reuptake by 
the terminals and the action of MAO with the formation of 
5-hydroxyindoleacetic acid.

In nervous tissue, under conditions of increased formation of 
NADH.H+, serotonin can be converted into 5-hydroxytryptophol. 
Side pathways of serotonin metabolism are compensatory and 
are detected under conditions of MAO inhibition in pathology 
[15].

In other tissues, tryptophan and serotonin metabolism pathways 
exist through the formation of melatonin, tryptamine, and 
kynurenine.5-hydroxyindoleacetic acid.

The Melatonin Pathway. In the pineal gland, serotonin is a tissue 
hormone, turns into an antigonadotropic hormone - melatonin, 
which has a high biological activity involved in the regulation of 
the sleep-wake cycle.

The Kynurenine Pathway. This pathway of metabolism involves 
80-90% of incoming tryptophan in the body. Occurs in the liver. 
Kynurenine and its metabolic products counteract the central 
effects of serotonin and tryptamine, and inhibit the accumulation 
of tryptophan in the brain. The transition of tryptophan from the 
serotonin pathway to the kynurenine pathway may be the cause 
of mental depression.

The Tryptamine Pathway. When L-tryptophan is decarboxylated 
in the brain, tryptamine is formed, from which serotonin is not 
synthesized in the body. In liver microsomes, tryptamine can be 
hydrolyzed to form 6-hydroxytryptamine. The highest content of 
tryptamine was found in the cerebellum, cortex and basal ganglia.

Tryptamine is an antagonist of reserpine. It is possible that the 
tryptamine pathway plays an important role in the genesis of 
schizophrenia. Confirmation of the involvement of serotonin in 
the activity of the central nervous system and the association with 
the onset of psychosis, is confirmed by the picture of poisoning by 
the competitive serotonin antagonist lysergic acid diethylamide 
(LSD), contained in ergot alkaloids, it is suggested that the central 
psychogenic effect of LSD is caused by its competition with 
serotonin for serotonin receptors in the brain [15].

Serotonin has an effect on sleep stages. Sleep begins with 
the “orthodox stage”, which lasts 60-90 minutes in humans, 
and then comes the “paradoxical” stage (≈20 minutes) with 
desynchronization of the electrical activity of the cerebral 
cortex, frequent rhythmic movements of the eyeballs. According 
to the testimony of people awakened at this time, there are vivid 
dreams. Serotonin increases the duration of the orthodox sleep 
stage, and a drop in its content in the brain causes insomnia [16].

Histamine
The main source of histamine are basophilic leukocytes and 
mast cells in response to the action of various allergens. In the 
CNS, histaminergic neurons are located in the nuclei of the gray 
tubercle and mastoid bodies of the hypothalamic region of the 
diencephalon. Their collaterals reach the telencephalon (cerebral 
cortex and hippocampus), thalamus, brainstem (central gray 
matter of the midbrain, nucleus of the solitary tract).

In the brain, histamine is also found in mast cells in the 
interstitium. Histamine is formed by decarboxylation of the 
amino acid L-histidine by L-histidine decarboxylase [15].

Activity serves as a limiting factor in the accumulation of 
histamine in tissues. The half-life of synthesized neuronal 
histamine is about 30 minutes.

Histamine accumulates in synaptic vesicles and is released from 
nerve terminals by a Са2+-dependent mechanism.

The mechanisms of histamine reuptake into neurons are not 
known.

There are three subtypes of histamine receptors based on their 
pharmacological properties, synaptic localization, and mediated 
biological effects. All receptors belong to the superfamily of G 
protein-coupled receptors (metabotropic receptors):
1.	 H1-receptors - are a glycoprotein of 490 amino acid 

residues located on the membrane of postsynaptic cells. 
The highest density of H1-receptors was noted in the 
thalamus, the pyramidal layer of the hippocampus, and 
the layer of Purkinje cells in the cerebellum. The action 
of histamine is realized by increasing the production of 
cAMP and the concentration of intracellular calcium. 
 
Antagonists of this group of receptors are used in the 
treatment of allergic diseases. Penetrating through the 
blood-brain barrier, they have an undesirable side sedative 
effect associated with the blockade of histamine receptors 
in the brain;

2.	 H2-receptors - glycoproteins of 358 amino acid residues, 
located on the postsynaptic membrane of neurons of the 
caudate nucleus, putamen, amygdala and cerebral cortex, 
as well as glia cells. Due to the association of H2-receptors 
with G proteins, their activation leads to an increase in the 
intracellular concentration of cAMP. Most selective H2 
-receptor antagonists are unable to cross the blood-brain 
barrier;

3.	 H3-receptors - their selection into a separate group was 
carried out on the basis of pharmacological properties. 
They are located in the membrane of presynaptic 
terminals (autoreceptors), participating in the regulation 
of histamine synthesis and release. Their activation leads 
to inhibition of the secretion of ACh, dopamine, serotonin 
and norepinephrine. H3-receptors are found in areas of the 
frontal cortex, basal ganglia, and substantia nigra of the 
midbrain. Intracellular effects are due to the activation of 
G-proteins.

4.	 Histamine is the main mediator of inflammation and allergic 
reactions in the body. Histamine secreted by neurons is 
involved in the regulation of cerebral circulation and the 
permeability of the walls of the blood vessels of the brain.

Histamine is involved in the regulation of the sleep-wake 
cycle, energy balance, body temperature, food intake, various 
emotional states due to extensive histaminergic innervation of 
the components of the limbic system. A significant decrease 
in the number of histaminergic neurons is observed in the 
development of Alzheimer’s disease.
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Activation of Н1- and Н2--receptors of the cardiovascular system 
leads to pronounced changes in its work. Thus, the heart rate 
(Н2) increases, vasodilation occurs, and in the vessels of the 
microvasculature due to the contraction of actin filaments of 
endothelial cells, leading to an increase in the gap between 
the latter, an increase in their permeability (Н2) is observed. 
Histamine causes contraction of the smooth muscles of the 
intestine and bronchospasm, but has no significant effect on the 
smooth muscles of the eye and genitourinary tract. Histamine 
stimulates gastric secretion by activating Н2-receptors in the 
parietal cells of the stomach [16].

GABA
GABA is the most important mediator amino acid. In the brain 
of higher mammals, it performs inhibitory functions. Proof 
of its neurotransmitter role is the distribution of both GABA 
itself and the enzyme glutamate decarboxylase synthesizing it 
in the nervous structures associated with inhibition processes. 
In addition, there is a system of inactivation and reverse 
transport of GABA in the synaptic chain. The largest amount 
of GABA was found in the substantia nigra, globus pallidus, 
and hypothalamus. In terms of content in various parts of the 
central nervous system, GABA is many times higher than other 
neurotransmitters. So, in the hypothalamus, the total content 
of acetylcholine, norepinephrine, dopamine and serotonin is 
10 µg/g, while the content of GABA in this part of the brain is 
600 µg/g. The half-life of GABA in brain tissue is 10 minutes. 
Disturbances in the metabolism and balance of two amino 
acids - GABA and glutamic acid, from which the mediator 
is formed, is important in the genesis of seizures. A lack of 
vitamin В6 in the brain leads to a decrease in the activity of 
pyridoxal-dependent enzymes. As a result, the content of GABA 
in the brain decreases and the level of glutamate increases. The 
consequence of this imbalance and especially the decrease in 
GABA is the occurrence of epileptiform seizures. In addition 
to postsynaptic inhibition, GABA is involved in presynaptic 
inhibition by reducing the secretion of acetylcholine from the 
presynaptic membrane. Along with this, due to the similarity of 
the chemical structure with acetylcholine, GABA can compete 
with it for receptor sites on the postsynaptic membrane [15,18].

Glycine and GABA are the main mediators mediating inhibition 
in the CNS due to pronounced hyperpolarization of postsynaptic 
cells due to the entry of negatively charged chloride ions into 
the cell. GABA receptors, which are widely represented on 
presynaptic terminals, act as heteroreceptors that control 
the release of the mediator from dopamine, norepinephrine, 
serotonin, and glutamatergic neurons. Activation of GABA 
receptors of the amygdala relieves anxiety, and a decrease in 
their number or blockade causes the development of convulsive 
conditions observed in epilepsy. The role of the GABAergic 
system of the brain in the processes of long-term memory and 
the development of some neurodegenerative diseases is not 
ruled out [17].

Glutamate and aspartate. Glutamatergic and aspartatergic 
neurons within the CNS are of the greatest importance for the 
organism. They are especially widely represented in the cerebral 
cortex, from where their projections reach the hippocampus, 
caudate nucleus, amygdala, nucleus accumbens, superior 
colliculus and red nucleus of the midbrain, pontine nuclei. 

Another large cluster of glutamatergic neurons is found in the 
hippocampus. From here, their processes are sent to the cells 
of the hypothalamus, accessory nucleus and lateral septum. 
Glutamate mediates both fast (membrane depolarization) and 
slow (long-term potentiation) synaptic processes. It is involved 
in the regulation of the secretion of pituitary hormones, the 
migration of neurons in the course of individual development. 
Increased release of glutamate and aspartate due to prolonged 
stimulation of glutamatergic pathways leads to the development 
of excitotoxic effects observed in ischemia, epileptic conditions, 
neurodegenerative diseases (Alzheimer’s and Parkinson’s 
diseases). These effects are due to the massive entry of Са2+ 
into the cell and the achievement of concentrations that trigger 
the mechanism of cell death [19].

Receptors for glutamate and aspartate. They are represented by 
both ionotropic and metabotropic receptors, classified on the 
basis of pharmacological differences (the ability to be activated 
by specific agonists).
1.	 NMDA receptors - N-methyl-O-aspartate acts as a specific 

agonist. They are widely represented in the cells of the 
cerebral cortex (layers II and III), the hippocampus, the basal 
nuclei, the olfactory bulb and the hypothalamus. They consist 
of five transmembrane proteins with different sites for binding 
(agonists, modulators of the ion channel conductivity - Mg2+ 
and a number of non-competitive antagonists, various activity 
regulators), forming an ion channel permeable to Na+, K+ 
and Ca2+ (ionotropic receptors).

The NMDA receptor is organized into four transmembrane 
segments, of which the second segment is responsible for the 
formation of the ion channel and the formation of cytosolic sites 
for phosphorylation and glycosylation, including protein kinase 
C and calmodulin-dependent kinases. At rest, the ion channel 
formed by the NMDA receptor is blocked by Mg2+. The blocking 
effect is removed during depolarization, after which positively 
charged ions enter the cell, causing further depolarization of the 
membrane. A manifestation of the activation of NMDA receptors 
is the entry of Ca2+ into the cell.

In the case of prolonged activation of NMDA receptors, an 
excess amount of Ca2+ inside the cell has a toxic effect on neurons, 
causing their death.
2.	 AMPA receptors - α-amino-3-hydroxy-5-isoxazolepropionic 

acid acts as a specific agonist. Numerous in the neurons of 
the neocortex (layer V), amygdala, caudate and accumbens 
nuclei, and the molecular layer of the cerebellum. They 
belong to ionotropic receptors, forming a transmembrane 
channel permeable to Na+, K+ ions. Under certain 
conditions, the ion channel can be permeable to Ca2+ 
ions. Molecular cloning methods established the presence 
of four types of AMPA receptors: GluR1(A)-GluR4(D), 
consisting of approximately 900 amino acids. For each 
type of receptor, an alternative splicing variant is possible, 
leading to the emergence of the “flip” and “flop” isoforms, 
which determine the physiological properties of the formed 
channel. AMPA receptors can exist in both hetero- and 
homomeric configurations, however, in the latter case, the 
ion channel conductance is much lower.

3.	 Kainate receptors - kainic acid acts as a specific agonist. 
Widely represented in neurons of the cerebral cortex, 
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hippocampus, nuclei of the reticular formation of the 
diencephalon. These receptors are associated with the 
formation of an ion channel permeable to Na+, K+ and Ca2+ 
ions. Presented in hetero- and homomeric forms. Kainate 
receptors are widely represented on the membrane of 
presynaptic terminals, which suggests their participation in 
the control of mediator release into the synaptic cleft.

4. 	 Metabotropic glutamate receptors (mGluR) - quisqualate 
serves as a selective agonist. Their stimulation leads to the 
activation of various G-proteins, which is manifested in the 
inhibition of adenylate cyclase, stimulation of phospholipase 
and in direct action on potassium and calcium ion channels. 
There are eight subtypes of membranotropic glutamate 
receptors, formed from 854-1179 amino acids with a 
homology of 40%, and organized into three groups based on 
pharmacological properties and the second messenger used. 
They are widely represented among brain structures, located 
both on the post- (mGluR1) and presynaptic membranes 
(mGluR2) [20].

General Characteristics of Neuromodulators and Neuropeptides
A significant number of peptides synthesized in neurons act 
as neuromodulators, i.e. substances capable of influencing the 
action of “classical” signaling substances (mediators). Due to 
their size, large protein molecules are unable to accumulate in 
synaptic vesicles, be released from presynaptic terminals, and 
interact with the receptors of the postsynaptic cell. Therefore, 
often in the course of normal development, a chain of no more 
than 30 amino acids, a neuropeptide, is randomly split off from 
them.

According to the “neuropeptide” postulate of D. de Wied  
neuropeptides include substances of a protein nature synthesized 
in nerve cells and realizing their action by activating receptors 
at the neuronal level.

Depending on the ability of the representatives of the original 
family of neuropeptides to bind to the receptors of the 
postsynaptic membrane, they are divided into two groups:
1.	 neuropeptides of common origin, activating various 

receptors - for example, substance P interacts with the NK1 
receptor, and neurokinins A interact with the NK2 receptor;

2.	 neuropeptides of common origin, activating common 
receptors - methenkephalin and leuenkephalin interact with 
the same 5-opioid receptor.

Unlike the synthesis of neurotransmitters, which occurs directly 
in the nerve endings, the formation of neuropeptides occurs on 
ribosomes in the cell body. Subsequently, the precursor molecule 
is transferred to the Golgi apparatus, where it is included in the 
composition of large electron-dense vesicles (100-200 nm) 
transported to the nerve terminals.

Axon transport plays a special role in the transfer of neuropeptides 
to nerve endings. This is an active process not mediated by 
ordinary diffusion [21]. Depending on the speed of movement of 
intracellular organelles, there are:
1.	 slow transport - the speed of movement is 1-2 mm / day. 

Through it, structural proteins, tubulin, and neurofilament 
proteins move;

2.	 fast transport - the speed of movement reaches 400 mm / day. 

Transfer of mitochondria and various vesicles, including 
synaptic vesicles. 

Depending on the direction of movement of the transferred 
components, there are:
1.	 anterograde transport - movement towards the end of the 

axon;
2.	 retrograde transport - movement towards the cell body.

The removal of an excess amount of neuropeptide occurs by its 
cleavage by means of membrane peptidases (metallopeptidases).

The presence in one neuron of two or more neuropeptides and 
/ or neurotransmitters creates opportunities for their interaction 
with each other: strengthening or weakening the postsynaptic 
action of each, strengthening or weakening the processes of 
release and capture.

The relatively large size of most neuropeptides makes it difficult 
for them to penetrate the blood-brain barrier, limiting their action 
to the region of the brain and spinal cord. 

Tachykinins and substance P. This group includes: neurokinin 
A, neurokinin B and substance P.

There are three main types of tachykinin receptors: NK1, NK2 
и NK3, the endogenous agonists of which are substance P, 
tachykinins A and B.

A high concentration of tachykinins and substance P was 
found in various parts of the central nervous system: the spinal 
cord, caudate and accumbens, tonsils. A high concentration 
in substance P is characteristic of substantia nigra neurons. 
Colocalization of substance P and tachykinins (neurons of the 
striatum, sensory neurons of the spinal cord), substance P and 
GABA (some interneurons of the cortex and hippocampus) were 
noted [22].

Tachykinins and substance P are integrated into neural networks 
responsible for the perception of pain sensations (nociception). 
They act as a transmitter of pain signals at the level of the spinal 
cord (neurons of small diameter of the posterior horns), mediate 
the course of inflammatory processes (stimulate the release of 
histamine by mast cells) [23].

Opioid peptides. This group includes dynorphin, methenkephalin, 
leuenkephalin, endorphin, nociceptin. They have the ability 
to interact with receptors activated by exogenous morphine 
application.

Neurons containing opioid peptides are widely represented in 
various parts of the brain and spinal cord. Their concentration is 
especially high in the neurons of the diencephalon (hypothalamic 
nuclei and tonsils).

In addition to controlling pain sensitivity, the opioid system is 
involved in the implementation of breathing, eating behavior, 
stress-induced behavioral programs, etc.

The action of opioids is not limited to the development of 
inhibitory processes in the central nervous system. In some 
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cases, excitation is provided indirectly, for example, during 
release. Inhibition of the work of some inhibitory elements of 
the nervous system under the influence of opiates (GABAergic 
neurons) leads to synaptic facilitation in the neuronal networks 
of the hippocampus [24].

Galanin. It is known that there are three types of galanin receptors: 
GAL(R)1, GAL(R)2 and GAL(R)3 with 40-50% homology to each 
other. Galanin mediates inhibitory effects in learning and memory 
processes, as well as in the development of pain sensations.

Neurotensin. The neuropeptide is found exclusively in the 
neurons of the hypothalamus and amygdala, in smaller 
quantities they are present among the cells of the thalamus, 
substantia nigra, caudate nucleus and putamen, and spinal cord. 
Neurotensin is often colocalized along with other neuropeptides 
(enkephalins, cholecystokinin) and neurotransmitters (dopamine, 
norepinephrine, GABA). Three types of neurotensin receptors 
are known to exist: NTR1, NTR2, and NTR3. Participation of 
neurotensin in thermoregulation (causes hypothermia), eating 
behavior (reduces food intake), mediation of analgesic effects, 
in interaction with dopaminergic nigrostrial and mesolimbic 
systems of the brain is shown. It dilates peripheral blood vessels, 
causing a drop in blood pressure, and increases blood sugar 
levels (hyperglycemia) [25].

Neuropeptide Y. Neurons containing neuropeptide Y are located 
in the hypothalamic nuclei, amygdala and hippocampus. All 
receptors for neuropeptide Y (Y1, Y2, Y4, Y5, Y6) are metabotropic 
receptors. Neuropeptide Y is distributed in the central nervous 
system, is involved in the regulation of the cardiovascular 
system, food intake and digestion, in the control of circadian 
rhythms, and regulates the release of sex hormones. It is known 
about the participation of neuro-peptide Y in the mechanisms of 
learning and memory, the formation of anxiety states [26].

Neuromodulators - Derivatives of Fatty Acids
This group includes eicosanoids formed from unsaturated С20 
fatty acids containing from three to five double bonds. The 
main source of eicosanoids is the essential arachidonic acid, 
synthesized in all cells of the body.
Eicosanoids are divided into two main groups:
1.	 prostanoids, which include prostaglandins, prostacyclins 

and thromboxanes;
2.	 leukotrienes.

A special group of eicosanoids is anandamide, which binds to 
specific (cannabinoid) receptors in the brain.

The first step in the formation of eicosanoids is the release 
of arachidonic acid from phospholipids under the action of 
cytosolic phospholipase А2. It can be activated by a specific 
protein, as well as due to stimulation of certain types of receptors 
(NMDA or 5-НТ2). Prostaglandins and thromboxanes are formed 
from arachidonic acid under the action of cyclooxygenase, and 
leukotrienes are formed under the action of lipoxygenase.

It is known about the existence of receptors for prostaglandins 
(PGD2 and PGE2) in the peripheral and central (practically in all 
parts of the brain) nervous system. The role of thromboxanes 
and leukotrienes in the CNS is not well understood.

Eicosanoids are involved in the regulation of inflammation, 
pain, fever, and blood pressure. At the cellular level, they are 
able to modulate the work of ligand-gated ion channels, inhibit 
the activity of Na+/К+-ATPase and neurotransmitter reuptake 
systems. It is assumed that the mechanisms of long-term 
potentiation in hippocampal neurons involve arachidonic acid, 
which is released upon stimulation of NMDA receptors [27].

Anandamide. This endogenous substance has been found in the 
brain. It is able to activate cannabinoid receptors at very low 
concentrations. The exact sites of anandamide synthesis in 
the brain are unknown. Depolarization of neurons leads to the 
release of anandamide into the extracellular space, from where 
its excess can be removed using an unidentified transporter 
by the reuptake mechanism. Anandamide is further converted 
to 12- or 15-hydroperoxyanandamide by lipoxygenase or to 
arachidonic acid by hydrolase.

There are two types of cannabinoid receptors: СВ1 and CB2, 
the differences between which are based on pharmacological 
properties. СВ1 receptors have been identified in the cerebral 
cortex, olfactory bulb, hippocampus, basal ganglia, and 
cerebellum; their stimulation leads to deactivation of N-type 
calcium channels.

CB2 receptors are characteristic of peripheral tissues 
(macrophages and mast cells) and are not found in the CNS.

Cannabinoids are involved in the regulation of pain sensitivity 
(antinociceptive action), the development of hypothermia, and 
the inhibition of spontaneous locomotor activity.

Extracellular Purines and Pyrimidines as Neuromodulators
Purines (adenosine, ADP and ATP) and pyrimidines (UDP 
and UTP) are among the most important signaling molecules. 
We can say that only ATP is a classic neurotransmitter, other 
substances of purine and purinergic nature do not have the 
necessary properties.

ATP is widely represented as a cotransmitter through oxidative 
phosphorylation of glucose in mitochondria. Its main share is 
used to maintain the work of ATPases, and the rest of ATP enters 
the synaptic vesicles, acting as a neurotransmitter.

The extracellular concentration of adenosine is regulated by a 
dual mechanism: bilateral membrane transfer and enzymatic 
cleavage (adenosine deaminase and kinase).

Despite the significant role played by the purinergic system in the 
regulation of the activity of internal organs, its participation in the 
work of the central nervous system remains the subject of intensive 
study. Thus, an increased extracellular concentration of ATP leads 
to cell hyperexcitability and enhances the perception of pain (in this 
case, it is ATP coming from destroyed cells that is one of the pain 
mediators). In the hippocampus, its involvement in the processes of 
memory and learning has been confirmed. Unlike ATP, adenosine 
has a predominantly calming effect, reducing the release of many 
neurotransmitters (dopamine, GABA, glutamate, acetylcholine, 
dopamine, serotonin, norepinephrine). The involvement of purinergic 
transmission in the control of the work of a number of neural rhythm 
generators, in particular the respiratory one, cannot be ruled out [28].
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A neural impulse releases a chemical component called a 
neurotransmitter at the end of the nerve fiber, which then transfers 
the impulse to another nerve fiber. Four neurotransmitters fall 
within the category of biogenic amines [1]. These include 
adrenaline, norepinephrine, dopamine, and serotonin. According 
to the action (direct or neuromodulatory), function (excitation - 
epinephrine, norepinephrine, or inhibition - serotonin, GABA) 
or, more specifically, the chemical structure of NTs may be used 
to classify them. Biochemical monoamines include serotonin, 
histamine, and catecholamines (dopamine, norepinephrine, and 
epinephrine). Non-monoamine Examples of NTs (such as ATP 
and adenosine), purines, and gasotransmitters include nitric 
oxide, carbon monoxide, and hydrogen sulfide [2].

Markers of Neurotransmitters
Neurotransmitter Types in the Brain.
Important Neurochemical Markers
1. Membrane Transporters vGluT3 
Glutamate is transported and packed into vesicles; it may 
release alongside GABA or serotonin. Cytoplasmic glutamate 
buffer. mRNA is expressed in the kidney and liver. Released 
momentarily in certain cells; Associated with non-syndromic 
hearing loss [5].

2. Calcium-Binding Proteins
CB
Contacts and co-localizes with the plasma membrane Ca2+ 
pump. Binds calcium ions to control and buffer the amounts 
in the cytosol. Controls the length of an action’s potential. An 
agent that protects the brain during times of excessive activity. 
Transcellular Ca2+ migration in intestinal absorptive cells and 
distal tubules of the kidney. Controls the pancreatic islet cells’ 
ability to secrete insulin. Modulates apoptosis in osteoblasts, 
which mineralize bone, allegedly via binding to and changing 
the activity of caspase-3[6]. Controls Ca2+ pools, which are 
essential for synaptic plasticity. Alzheimer’s disease is aggravated 
by decreased CB expression. Apoptosis in Huntington’s disease 
may be facilitated by a decrease in CB+ neurons. The substantia 
nigra may degenerate as a result of the loss of CB+ neurons [7].

CR	
Expressed in somatosensory pathways and the retina (e.g. 
cochlear nuclei and olfactory bulb). LTP is also induced. The 
mesothelium of the lung expresses. Detected in the testicular 
Leydig cells, ovarian theca lutein cells, and ovarian theca interna 
cells. In the sustentacular and cortical cells of the adrenal gland, 
there is weak to moderate expression. Expressed in cutaneous 
mast cell lesions and mast cell tumors [8]. Hirschsprung 
disease results in the absence of CR from intestinal nerves. 
CR was expressed differently in malignant and benign lung 
tumors in mesothelioma. CR expression in the hippocampus is 
downregulated in temporal lobe epilepsy [9].

PV
This protein, which is involved in muscle relaxation following 
contraction, transfers Ca2+ from the cytosol to intracellular 
storage to hasten fast-twitch fiber relaxation [10]. Interneurons 
from people with schizophrenia have decreased PV expression 
[11]. Additionally, in Creutzfeldt-Jakob disease, PV-expressing 
neurons are particularly susceptible [12].

3. Neuropeptides
As a result of post-translational changes, pro-peptides, the 
building blocks of proteins, are broken into peptides. The peptide 
and the precursor both have the potential to act as molecular 
markers. Each of these peptides is hydrophilic.

CCK	
The actions of glutamate, GABA, dopamine, and serotonin 
are modified [13,14]. When exposed to stress, CCK activity 
increased, indicating that it could be involved in the stress 
response [15,16].  Causes the release of pancreatic enzymes 
into the intestines and gall bladder contraction[17]. Appetite-
suppressant. CCK can be found in the digestive system by day 
15 and the neurological system as early as day 8 of embryonic 
development. Parkinson’s illness causes visual hallucinations 
[18] and colorectal carcinomas create CCK [19].

ENK
Pain perception and analgesia. Stress response. Presence in 
digestive system peripheral nerves, but uncertain function. 
Immune cells are found in inflamed subcutaneous tissue. 
Contributes to cell proliferation. Plays a role in addiction and 
reward systems. Has been shown to cause seizures [4].	

NPY	
Control over food intake and fat accumulation. Vasoconstriction 
in heart tissue is connected to its presence in the peripheral 
system. Levels of maternal food supply throughout development 
are correlated with NPY expression [13]. Obesity, anorexia, and 
bulimia are all associated with increases in NPY mRNA and 
NPY release. Connects to alcoholism.

SOM
Shaping of neuronal activity and plasticity during memory 
formation. Sense of pain. Suppresses the release of prolactin, 
thyroid-stimulating hormone, and growth hormone. Decreases 
gastric acid production and discharge in the stomach. 
Influences cerebellar neuroblast growth, synaptogenesis, and 
axonal pathfinding [14,15]. Connected to epilepsy. Changes 
reported in multiple sclerosis, Parkinson’s disease, and other 
neurodegenerative illnesses	

VIP
Utilization and local energy metabolism by glycogenolysis. 
Neuroprotection. Suprachiasmatic nuclei time is synchronized 
with the ambient light-dark cycle through circadian rhythm 
control [14,15]. Expressed in peripheral nerves, including 
reproductive, cardiovascular, and respiratory systems 
(pulmonary vasodilation, increased myocardial contractility, 
diuresis, increased excretion of Na+ into the urine) (increased 
blood flow to reproductive organs [16]). In the digestive tract, 
smooth muscles are relaxed to promote motility; absorption is 
inhibited, and water and electrolyte secretion are stimulated. 
The creation of the neural tube [17]. Function in neurogenesis 
is associated with neurodevelopmental problems, such as fetal 
alcohol syndrome, autism, and Down syndrome [18]. Temporal 
lobe epilepsy is linked [19,20].
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4. NT Receptors
MGluR1a
Establishes a variety of chemical and electrical signaling 
pathways by binding glutamate. Regulates the excitability of cells 
and ion channels [21]. Auto-regulates synaptic transmission by 
lowering glutamate release at the pre-synaptic site [22]. LTP and 
LTD are affected. Peripheral nerves are found in the conducting 
system, ganglion cells, and atrial nerve terminals of the rat heart. 
Harm the atrial cells in the heart. Shown in the thymus [23-25]. 
Reported to be present in osteocytes and to contribute to bone 
resorption. Expressed in the adrenal gland; may be involved 
in the stress reaction. Engaged in the experience of pain and 
expressed in the inner ear. Little part in the development of the 
embryo and the fetus. Connected to multiple sclerosis [26] and 
the condition Huntington’s [27], implicated in the development 
of ulcers and melanoma [28].

GABA Aα1	
Binds GABA and triggers an electrical post-synaptic inhibitory 
response. Hippocampus [29,30] CA1 basket cells and post-
synaptic pyramidal cells use synapses differently. PV+ basket 
cells use this; CCK+ does not [31]. Found in the gonads, the small 
intestine, and the adrenal gland with little impact on prenatal and 
embryonic development [32,33].Links to several neurological 
and mental health conditions, such as schizophrenia, alcoholism, 
anxiety disorders, and Huntington’s disease [34].

5-HT3	
Binds serotonin, a neurotransmitter. Mediates rapid excitatory 
transmission in the ferret visual cortex, amygdala, and 
hippocampus as well as rat neocortical interneurons. Receptor 
antagonists induce LTP in the hippocampus (CA1) and enhance 
recall and spatial memory. Dopamine release is influenced by 
agonist and antagonist action. Peripheral nerve system mediation 
of gastrointestinal pain, bloating, and nausea signals. Because 
serotonin is present, [35] the impacts of medications that are 
overused, such as cocaine, amphetamines, nicotine, as well as 
morphine, are changed.

CB1 
Binds natural, synthetic, and endo-cannabinoids. NT release 
is inhibited pre-synaptically. Mediates short-term GABAergic 
plasticity, which is characterized by depolarization-induced 
reduction of inhibition. White blood cells and the spleen; 
mediates cannabinoid-induced immunosuppression. Heart 
and gonad expression was also found. [36]. a significant part 
in drug misuse. Parkinson’s illness and schizophrenia are both 
associated with increased binding.

Sub P rec	
Substance P binds. Modifies the inflammatory response, the 
adaptive stress response, and the perception of pain [37-40]. 
Vasodilation, modulation of gastrointestinal muscle action [41], 
and mediation of inflammatory processes. The length of the 
stress response is shortened by substance P binding to receptors. 
Before birth, substance P expression is highly elevated; by 
P14, adult levels are reached. Connected to ongoing pain in the 
emergence of obesity [42].

5. Matrix proteins
RLN
Located in the cytosol, dendrite, and extracellular matrix. 
Enhances the induction and maintenance of LTP, participate in 
adult neurogenesis, and affects synaptic plasticity. Controls the 
continued migration of neuroblasts produced in subventricular 
and subgranular zones and stimulates the formation of dendrites 
and dendritic spines. Involved in the small intestine’s cells’ 
migration and development. Related to the emergence of 
bone and teeth [43]. The liver, blood (plasma and cells), and 
reproductive organs are other sites of expression. Controls the 
movement and placement of neurons. Contributes to the stacking 
of neurons in the cerebellum, hippocampus, and cortex. Various 
malignancies and Reelin gene dysregulation are connected. 
Bipolar illness [44] and schizophrenia have been linked to 
decreased expression. Alzheimer’s disease and autism are both 
related to this [45].

Protein Markers of Schizophrenia 
Schizophrenia is a severe life-changing disease with complicated 
biological alterations and elevated striatal dopamine [46]. The 
biggest dopaminergic input to the brain is provided by the 
substantia nigra (SN), which also gets input from glutamatergic 
and GABAergic neurons and projects to the striatum, the main 
target of antipsychotic drugs.

Schizophrenia subjects had elevated TH levels. Tyrosine 
hydroxylase (TH) and glutamate decarboxylase (GAD67) 
protein levels were greater in the combined schizophrenia group. 
The levels of the vesicular glutamate transporter vGLUT2 
were comparable in medicated and unmedicated schizophrenia 
participants, but greater in unmedicated schizophrenic subjects 
than controls. Treatment-resistant patients exhibited TH and 
GAD67 levels that were significantly greater than controls. These 
findings point to increased GABA and dopamine transmission in 
the SN in schizophrenia, which may be related to responsiveness 
to therapy [47].

In comparison to controls, SZ-On participants had TH protein 
and GAD67 levels that were noticeably greater. (In contrast, 
vGLUT2 levels were considerably higher in the SZ-Off group 
compared to normal, but vGLUT1 levels in the typical and 
atypical treatment groups did not vary.) But showing a noticeable 
rise in the protein levels of TH and GAD67 [48].      

As evidenced by greater TH and GAD67 levels, schizophrenia is 
revealed to have enhanced SN dopamine and GABA production 
when compared to NCs. In terms of treatment status and 
responsiveness, preliminary data show comparable increases 
in DA and GABA production in SZ-On and TR individuals. 
Elevated vGLUT2 levels in the early study of treatment status in 
SZ-Off participants point to subcortical glutamate dysregulation. 
Patients using medication had higher levels of the proteins TH 
and GAD, whereas those not taking medication had higher levels 
of vGLUT2 [49].

Conclusion
According to all evidence and based on confirmed findings, it 
is clear that the markers of neurotransmitters play a variety of 
biological roles in addition to their neurological and pathogenic 
effects on the human body.
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Additionally, the presence of neurotransmitter markers can be 
employed as a diagnostic tool for a variety of illnesses, not just 
neurodegenerative ones.

Thus, the data on neurotransmitters presented in the article 
create a fundamental basis for further research in this area and 
will serve as the basis for subsequent clinical trials to prevent 
and correct the pathology of the nervous system.

References
1.	 Cooper JR. Neurotransmitters. Neurotransmitters - Science 

Direct. 2002. 10612-10619.
2.	 Abeles M. Corticonics: Neural Circuits of the Cereb Cortex. 

Cambridge University Press. 1991.
3.	 Van Liefferinge J, Massie A, Portelli J, Di Giovanni G, 

Smolders I. Are Vesicular Neurotransmitter Transporters 
Potential Treatment Targets for Temporal Lobe Epilepsy? 
Front. Cell. Neurosci. 2013. 7: 139.

4.	 Rees CL, White CM, Ascoli GA. Neurochemical Markers 
in the Mammalian Brain: Structure, Roles in Synaptic 
Communication, and Pharmacological Relevance. Curr 
Med Chem. 2017. 24: 3077-3103. 

5.	 Somogyi J, Baude A, Omori Y, Shimizu H, Mestikawy SE, 
et al. GABAergic Basket Cells Expressing Cholecystokinin 
Contain Vesicular Glutamate Transporter Type 3 (VGLUT3) 
in Their Synaptic Terminals in Hippocampus and Isocortex 
of the Rat. Eur J Neurosci. 2004. 19: 552-569. 

6.	 Baimbridge KG, Celio MR, Rogers JH. Calcium-Binding 
Proteins in the Nervous System. Trends Neurosci. 1992. 15: 
303-308.

7.	 Heizmann CW, Braun K. Changes in Ca 2+- Binding 
Proteins in Human Neurodegenerative Disorders. Trends 
Neurosci. 1992. 15: 259-264. 

8.	 Schurmans S, Schiffmann SN, Gurden H, Lemaire M, Lipp 
HP, et al. Impaired Long-Term Potentiation Induction in 
Dentate Gyrus of Calretinin-Deficient Mice. Proc Natl Acad 
Sci USA. 1997. 94: 10415-10420.

9.	 Alexandrescu S, Rosenberg H, Tatevian N. Role of 
Calretinin Immunohistochemical Stain in Evaluation of 
Hirschsprung Disease: An Institutional Experience. Int J 
Clin Exp Pathol. 2013. 6: 2955-2961. 

10.	 Celio MR, Heizmann CW. Calcium-Binding Protein 
Parvalbumin Is Associated with Fast Contracting Muscle 
Fibres. Nature. 1982. 297: 504-506.

11.	 Nakazawa K, Zsiros V, Jiang Z, Nakao K, Kolata S, et 
al. GABAergic Interneuron Origin of Schizophrenia 
Pathophysiology. Neuropharmacology. 2012. 62: 1574-1583. 

12.	 Guentchev M, Hainfellner JA, Trabattoni GR, Budka H. 
Distribution of Parvalbumin-Immunoreactive Neurons in 
Brain Correlates with Hippocampal and Temporal Cortical 
Pathology in Creutzfeldt-Jakob Disease. J Neuropathol Exp 
Neurol. 1997. 56: 1119-1124.

13.	 Grove KL, Brogan RS, Smith MS. Novel Expression of 
Neuropeptide Y (NPY) mRNA in Hypothalamic Regions 
during Development: Region-Specific Effects of Maternal 
Deprivation on NPY and Agouti-Related Protein mRNA. 
Endocrinology. 2001. 142: 4771-4776.

14.	 Kudo T, Tahara Y, Gamble KL, McMahon DG, Block 
GD. Vasoactive Intestinal Peptide Produces Long-Lasting 
Changes in Neural Activity in the Suprachiasmatic Nucleus. 
J Neurophysiol. 2013. 110: 1097-1106. 

15.	 Hermanstyne TO, Simms CL, Carrasquillo Y, Herzog 
ED, Nerbonne JM. Distinct Firing Properties of 
Vasoactive Intestinal Peptide-Expressing Neurons in the 
Suprachiasmatic Nucleus. J Biol Rhythms. 2016. 31: 57-67.

16.	 Said SI. Vasoactive Intestinal Peptide. Adv Metab Disord. 
2013. 11: 369-390. 

17.	 Di Cicco-Bloom E. Region-Specific Regulation of 
Neurogenesis by VIP and PACAP: Direct and Indirect 
Modes of Action. Ann N Y Acad Sci. 1996. 805: 244-256.

18.	 Hill JM. Vasoactive Intestinal Peptide in Neurodevelopmental 
Disorders: Therapeutic Potential. Curr Pharm Des. 2007. 
13: 1079-1089.

19.	 De Lanerolle NC, Gunel M, Sundaresan S, Shen MY, Brines 
ML,et al. Vasoactive Intestinal Polypeptide and Its Receptor 
Changes in Human Temporal Lobe Epilepsy. Brain Res . 
1995. 686: 182-193. 

20.	 Parent JM, Valentin VV, Lowenstein DH. Prolonged 
Seizures Increase Proliferating Neuroblasts in the Adult Rat 
Subventricular Zone-olfactory Bulb Pathway. J Neurosci. 
2002. 22: 3174-3188.

21.	 Gerber U, Gähwiler BH. The metabotropic glutamate receptors. 
Springer. Modulation of Ionic Currents by Metabotropic 
Glutamate Receptors in the CNS. 1994. 125-146. 

22.	 Glaum SR, Miller RJ. The Metabotropic Glutamate 
Receptors. Springer. Acute Regulation of Synaptic 
Transmission by Metabotropic Glutamate Receptors. 1994. 
147-172.

23.	 Julio-Pieper M, Flor PJ, Dinan TG, Cryan JF. Exciting Times 
beyond the Brain: Metabotropic Glutamate Receptors in 
Peripheral and Non-Neural Tissues. Pharmacol Rev. 2011. 
63: 35-58. 

24.	 Skerry TM, Genever PG. Glutamate Signalling in Non-
Neuronal Tissues. Trends Pharmacol Sci. 2001. 22: 174-181. 

25.	 Chenu C, Serre CM, Raynal C, Burt-Pichat B, Delmas PD. 
Glutamate Receptors Are Expressed by Bone Cells and Are 
Involved in Bone Resorption. Bone. 1998. 22: 295-299.

26.	 Newcombe J, Uddin A, Dove R, Patel B, Turski L, et al. 
Glutamate Receptor Expression in Multiple Sclerosis 
Lesions. Brain Pathol. 2008. 18: 52-61.

27.	 Cha JHJ, Kosinski CM, Kerner JA, Alsdorf SA, Mangiarini 
L, et al. Altered Brain Neurotransmitter Receptors in 
Transgenic Mice Expressing a Portion of an Abnormal 
Human Huntington Disease Gene. Proc Natl Acad Sci US 
A. 1998. 95: 6480-6485.

28.	 Shin SS, Namkoong J, Wall BA, Gleason R, Lee HJ, et al. 
Oncogenic Activities of Metabotropic Glutamate Receptor 
1 (Grm1) in Melanocyte Transformation. Pigment Cell 
Melanoma Res. 2008. 21: 368-378.

29.	 Nyíri G, Freund TF, Somogyi P. Input-Dependent Synaptic 
Targeting of α2-Subunit-Containing GABAA Receptors in 
Synapses of Hippocampal Pyramidal Cells of the Rat. Eur J 
Neurosci. 2001. 13: 428-442. 

30.	 Klausberger T, Roberts JDB, Somogyi P. Cell Type-and 
Input-Specific Differences in the Number and Subtypes 
of Synaptic GABAA Receptors in the Hippocampus. J 
Neurosci. 2002. 22: 2513-2521. 

31.	 Pawelzik H, Hughes DI, Thomson AM. Physiological and 
Morphological Diversity of Immunocytochemically Defined 
Parvalbumin-and Cholecystokinin-Positive Interneurones 
in CA1 of the Adult Rat Hippocampus. J Comp Neurol. 
2002. 443: 346-367. 



Copyright © Bon EI, et al.

J Clin Res Case Stud, 2023

 Volume 1 | Issue 1

www.oaskpublishers.com Page: 12 of 12

32.	 Erdö SL, Wolff JR. γ-Aminobutyric Acid Outside the 
Mammalian Brain. J Neurochem. 1990. 54: 363-372. 

33.	 Akinci MK, Schofield PR. Widespread Expression of 
GABA A Receptor Subunits in Peripheral Tissues. Neurosci 
Res. 1999. 35: 145-153.

34.	 Möhler H. Pharmacology of GABA and Glycine 
Neurotransmission. Springer. Functions of GABAA-
Receptors: Pharmacology and Pathophysiology. 2001. 101-
116.

35.	 Gaspar P, Cases O, Maroteaux L. The Developmental Role 
of Serotonin: News from Mouse Molecular Genetics. Nat 
Rev Neurosci. 2003. 4: 1002-1012. 

36.	 Buckley NE, Hansson S, Harta G, Mezey E. Expression 
of the CB 1 and CB 2 Receptor Messenger RNAs during 
Embryonic Development in the Rat. Neuroscience. 1997. 
82: 1131-1149.

37.	 Henry JL. Substance P and Inflammatory Pain: Potential 
of Substance P Antagonists as Analgesics. Agents Actions 
Suppl. 1992. 41: 75-87. 

38.	  De Felipe C, Herrero JF, O’Brien JA, Palmer JA, Doyle 
CA, et al. Altered Nociception, Analgesia and Aggression in 
Mice Lacking the Receptor for Substance P. Nature. 1998. 
392: 394-397. 

39.	 Nichols ML, Allen BJ, Rogers SD, Ghilardi JR, Honore P, et 
al. Transmission of Chronic Nociception by Spinal Neurons 
Expressing the Substance P Receptor. Science. 1999. 286: 
1558-1561. 

40.	 Zubrzycka M, Janecka A. Substance P: Transmitter of 
Nociception (Minireview) Endocr Regul. 2000. 34: 195-
202.

41.	 Sternini C, Su D, Gamp PD, Bunnett NW. Cellular Sites 
of Expression of the Neurokinin-1 Receptor in the Rat 
Gastrointestinal Tract. J Comp Neurol. 1995. 358: 531-540.

42.	 Karagiannides I, Stavrakis D, Bakirtzi K, Kokkotou E, 
Pirtskhalava T, et al. Substance P (SP)-Neurokinin-1 
Receptor (NK-1R) Alters Adipose Tissue Responses to 
High-Fat Diet and Insulin Action. Endocrinology. 2011. 
152: 2197-2205.

43.	 Maurin JC, Couble ML, Didier-Bazes M, Brisson C, 
Magloire H, et al. Expression and Localization of Reelin in 
Human Odontoblasts. Matrix Biol. 2004. 23: 277-285.

44.	 Guidotti A, Auta J, Davis JM, Gerevini VD, Dwivedi Y, et 
al. Decrease in Reelin and Glutamic Acid decarboxylase67 
(GAD67) Expression in Schizophrenia and Bipolar 
Disorder: A Postmortem Brain Study. Arch Gen Psychiatry. 
2000. 57: 1061-1069. 

45.	 Wirths O, Multhaup G, Czech C, Blanchard V, Tremp G, et 
al. Reelin in Plaques of β-Amyloid Precursor Protein and 
Presenilin-1 Double-Transgenic Mice. Neurosci Lett. 2001. 
316: 145-148.

46.	 Meyer-Lindenberg A, Miletich RS, Kohn PD, Esposito G. 
Reduced prefrontal activity predicts exaggerated striatal 
dopaminergic function in schizophrenia. Nat Neurosci. 
2002. 5: 267-271.

47.	 Howes O, Kapur S. The dopamine hypothesis of 
schizophrenia: version III- the final common pathway. 
Schizophr Bull. 2009. 35: 549-562.

48.	 Schoonover K, McCollum L, Roberts R. Protein Markers 
of Neurotransmitter Synthesis and Release in Postmortem 
Schizophrenia Substantia Nigra. Neuropsychopharmacol. 
2017. 42: 540-550. 

49.	 Perez-Costas E, Melendez-Ferro M, Rice MW, Conley 
RR, Roberts RC. Dopamine pathology in schizophrenia: 
analysis of total and phosphorylated tyrosine hydroxylase 
in the substantia nigra. Front Psychiatry. 2012. 9: 31.

Copyright: © 2023 Bon EI, et al. This is an open-access article distributed under the terms of the Creative Commons Attribution License, which 
permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.


