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4. Transmission of nerve impulses
In this chapter, you will find out about:
History of the discovery of the human nervous system,
Nerve cell (neuron) as a basic building block of the human nervous
system,
The principle of propagation of nerve impulses,
Neuromediators,
Basic principles of reflex activity, receptors and effectors,
Glial cells,
Used and recommended literature.
4.1 History of the discovery of the human nervous system
Greek anatomists Herophilus and Erasistratus discovered nerve fibers in 322 BC that form
a network in the body. However, their discovery was not developed for a long time.
Marcello Malpighi (1628–1694), an active researcher
at the University of Pisa, was one of the first to describe
nerve endings and nerve fibers. He described the nerve
fibers connecting the brain and spinal cord in his work
De cerebro (About the Brain) from 1665.
René Descartes (1596–1650) laid the foundation stone
of reflex theory, according to which all stimuli
from the periphery of the body are transmitted
to the central nervous system. From there, they travel
to the relevant authorities and condition their reactions.
These theories significantly influenced the further
development of physiology and medicine.

Figure 1: Marcello Malpighi by Carlo Cignani [8]
Thomas Willis (1621–1675) made a significant contribution to the level of knowledge
of the nervous system and is considered the founder of neuroanatomy and neurophysiology.
Later, Malpighi's findings were followed by the well-known Jan Evangelista Purkyně (1787–
1869) and Robert Remak (1815–1865). Purkyně focused attention on the basic parts
of the nerve cell and nerve fibers. It is named after the large neurons of the cerebral cortex Purkinje neurons. Nerve fiber sheaths and the layered arrangement of cortical neurons were
described by Remak.
The Spanish histologist Santiago Ramon y Cajal (1852–1934) contributed to the microscopic
knowledge of neurons and created the so-called neural theory, which states that each nerve

cell is a separate whole, while contact between neurons is realized only through nerve fiber
terminations.
The term synapse was first coined by Charles Sherrington (1857–1952) as a designation
for contacts between nerve endings.
Hermann von Helmholz (1821–1894) was the first to measure the conduction velocity
of electrical impulses propagating in nerve fibers (nerve fibers carry information at speeds
of 25 - 40 m/s).
Later, the research focused on the study of reflexes, the most famous being experiments
with dogs by the famous Russian physiologist Ivan Petrovich Pavlov (1849–1936), however, he
was certainly not the only one who dealt with reflexes. He then distinguished two basic
types of reflexes into unconditional, ie innate and conditioned or acquired.
4.2 Nerve cell (neuron) as a basic building block of the human nervous system
The basic building blocks of the nervous system are nerve cells, which we call neurons. They
are highly specialized cells of the human body that go through complex development and
maturation. The total number of nerve cells in the human body is estimated at the
order of trillions (1012, ie 1,000,000,000,000 cells). The basic function of neurons is to
receive, conduct, transmit and process information. The neurons are interconnected into
a three-dimensional network and are also connected to other cells and tissues of the human
body.
We distinguish between the neuron body and the system of protrusions (dendrites and
axons). The body of a nerve cell has a variety of sizes and shapes (round, oval, spindleshaped, pyramidal, etc.). It contains the nucleus, endoplasmic reticulum, Golgi apparatus,
mitochondria and other cellular organelles, and is called the perikaryon (from the Greek
words peri - around, around, and karyon - the cell nucleus). Numerous tree-like branching
protrusions of the neuron's body are called dendrites (from the Greek word dendron - tree).
Dendrites can be smooth. Small protrusions (dendritic thorns) commonly occur on them to
increase their area. The dendrite conducts electrical impulses centripetally. On the contrary,
the axon (from the Greek axōn - axis) or neurite always conducts electrical impulses
centrifugally - away from the body of the neuron. Thus, an axon is a protrusion of a neuron
extending from an axon hump on the neuron's body. Its initial section is called the initial
segment. Axons reach various lengths (on the order of fractions of a millimeter to more than
a meter). It usually branches only in the terminal part. The final branching is called
telodendria. In addition to electrical potentials, a very intensive transport of a number of
substances also takes place in the axon. If the axons are not enveloped, they are gray nerve
fibers. However, most axons are encased in a myelin sheath called white nerve fibers. The
myelin sheath does not form a continuous axon sheath, but is interrupted by Ranvier
incisions, which are free spaces between two glial cells about 1 širokém wide and are of
great importance for the conduction of information by nerve fibers. The internodium is the
part of the axon between two Ranvier incisions that is covered by the myelin sheath. The
myelin sheath isolates individual nerve fibers and significantly increases the rate of action
potential conduction.

Note: In the brain and spinal cord (in the central nervous system, ie CNS), a myelin sheath is
formed so that the protrusions of a specific type of glial cell, the so-called oligodendroglia,
encircle individual axons (a single oligodendroglie encloses a number of axons with its
protrusions). In the cerebral and spinal nerves (in the peripheral nervous system), the myelin
sheaths are formed by Schwann cells (another type of glial cell), with one Schwann cell
wrapping only one axon in 10-150 layers at a time.

Figure 2: Neuronal structure [9]
4.3 The principle of propagation of nerve excitation
The following videos, freely available on the youtube channel, will help you better understand
how the nerve impulse is created and conducted, what is the membrane, balance and resting
potential.
In the third video, you will learn exactly how the synapse, or canopy, is a specific type of cell
contact, at least one of which is nervous. The main role of synapses is synaptic transmission
(neurotransmission), ie ensuring the transfer of information between neurons. This process is
active, time-limited, strictly one-way and irreversible. The transmission of information is
realized directly (electrical synapses - they occur in cold-blooded animals, ie fish, amphibians,
reptiles, they are very rare in mammals, they do not occur in humans) or by chemical means
(chemical synapses).
CHEMICAL SYNAPSES occur in the human nervous system, which carry out the transmission
of information through the molecules of chemical substances - neurotransmitters.
Synapses are divided into three basic types, depending on which cells meet in the synapse:
1) INTERNAURON SYNAPSES (from the Latin inter - between) are synapses between two
neurons. The first neuron is called presynaptic (from Latin pra - before), the second neuron is

postsynaptic (from Latin post - after, after). In the human body, interneuronic synapses clearly
predominate.
We divide them into three subtypes:
a) Axo-dendritic synapses are absolutely the most common. In them, the axon
of the presynaptic neuron contacts the dendrite of the postsynaptic neuron.
b) Axo-somatic synapses connect the axon of a presynaptic neuron with the body
of a postsynaptic neuron.
c) Axo-axonal synapses are the least common. They represent the contact of the axon
of a presynaptic presynaptic neuron with the axon of a postsynaptic neuron.
2) NEURORECEPTOR SYNAPSES are a synaptic connection between a sensory (receptor) cell
and the dendrite of a sensitive neuron (eg in sensory organs).
3) NEUROEFFECTOR SYNAPSES are a connection between an axon and an effector cell, which
can be a smooth or cardiac muscle cell, a striated muscle fiber, or a glandular cell.
The neuromuscular junction is an important type of neuroeffector synapse in which the
terminal end of a motor neuron axon and the transverse striated muscle fiber are
connected. Acetylcholine is a mediator of neuromuscular junctions. Upon release into
the synaptic cleft, acetylcholine binds to the nicotinic cholinergic receptor, which is
actually a chemically controlled ion channel.

Figure 3: Synapse structure [10]

The chemical synapse consists of three basic sections - the presynaptic part,
the synaptic cleft and the postsynaptic part.

The PRESYNAPTIC PART is either a button-shaped end part of the axon
(for interneuronic and neuroefector synapses) or a specialized part
of the sensory cell (for neuroreceptor synapses). This section contains
neurotubules, neurofilaments, mitochondria, and especially numerous
synaptic vesicles (vesicles) with a neurotransmitter.

A SYNAPTIC SLOT is a narrow slit-like space (approximately 30–40 nm wide) between
the presynaptic and postsynaptic formations that separates the plasma membranes of cells
that form synapses.
The POSTSYNAPTIC STRUCTURE contains in its plasma membrane mainly receptors, which
represent specific binding structures of protein nature. Receptors can react with transporter
molecules.
The Nerve Impulse:

Membrane potential, equilibrium
potential and resting potential:

How a synapse works:

4.5 Neuromediators
The transmission of information between neurons in the human nervous system is realized
by chemical means - through chemical substances, which we call mediators / neuromediators
or transmitters / neurotransmitters or transmitters / neurotransmitters. These chemicals are
stored in the sacs of the presynaptic unit. From there, they act into the synaptic cleft due
to the action potential and penetrate to the membrane of the postsynaptic formation, where
they interact with their membrane receptors. They are then removed from the synaptic cleft.
Neuromediators represent a very diverse group of substances that differ in chemical structure
and effect, and so far several dozen with different effects (excitatory and inhibitory) have been
discovered and described. From a chemical point of view, these are amino acids or their
derivatives. The best known carriers include acetylcholine, the amino acids glycine and
glutamic acid, the catecholamines dopamine, noradrenaline and adrenaline, and the biogenic
gamma-aminobutyric acid (GABA), β-alanine, histamine and serotonin. Some transmitters can

react with multiple types of receptors, and depending on the type of receptor they react
to, they produce different effects. The nerve cell usually forms one major mediator. However,
some neurons can form two or three additional carriers, which we also refer
to as cotransmitters.
The interaction of these proteins (with the consumption of energy stored in ATP) leads
to the fusion of the vesicle membrane with the presynaptic membrane, which leads
to the pouring of mediators into the synaptic cleft. The presynaptic structure is bounded
on its surface by a plasma membrane, in the structure of which we find ion channels that allow
changes in membrane potentials. Furthermore, there are presynaptic receptors
(autoreceptors) that interact with mediators released into the synaptic cleft. Due
to the interaction of presynaptic receptors with mediators, the release of mediators is
regulated - there is either inhibition of their release into the synaptic cleft, or their formation
or stimulating action.
4.6 Basic principles of reflex activity, receptors and effectors
Reflexes represent the basic functional interconnection of neurons. In simple terms, we could
describe the reflex as a sequence formed by input, central processing and output.
The reflex arc is a set of neurons that mediate the transmission of irritation from the receptor
to the effector. The simplest reflex arcs are two-neuron and are formed by a sensitive and
motor neuron. More often, reflex arcs are more complex and one or more interneurons are
inserted between the sensitive and motor neurons. It consists of several parts:
1. The reflex sensor (receptor) of the reflex arc records the input information or its change.
The receptor can be a sensitive nerve ending, a sensory cell, etc. Sensors that bring
information from the external environment are connected to the exterior reflexes.
Information from the internal environment is involved in interoreflexes.
2. An afferent neuron brings information to the center. Functionally, it is always a sensitive or
viscerosensitive neuron.
3. The center of the reflex is the area where the synaptic connection takes place. Depending
on where the center of the reflex is located, we distinguish between brain or spinal reflexes.
Some reflex centers lie outside the brain or spinal cord - for example, in the vegetative ganglia
of the autonomic nervous system and are involved in controlling the reflex activity of internal
organs.
4. The efferent neuron is a motor or autonomic neuron that transmits information
from the center to the periphery and to the effector.
5. The effector performs a given reflex response. It is thus a powerful unit at the end
of the chain of reflex action. The effector may be smooth, cardiac or skeletal muscle or cells
of the exocrine or endocrine gland.
Reflex is usually a one-time and relatively simple response to a one-time stimulus. I.P. Pavlov
was the first to study the responses of the nervous system and established it as a theory
of conditioned reflexes. He used dogs as a model organism for his experiments.

In his experiments, for example, he first applied a weak stimulus - a certain tone and after
the tone sounded in a short period of time he gave food (biologically strong stimulus). After
a certain time, when he repeated this procedure, a conditioned reflex developed in the dogs,
when the secretion of saliva automatically appeared to a mere tone. The tone became
a conditioned stimulus and the secretion of saliva without feeding a conditioned response.
Through the sense organs (sensors), the brain receives a huge amount of information.
Receptors can be divided according to various aspects:
1) Exteroreceptors bring stimuli from the external environment and include sight, hearing,
smell, taste and touch.
2) Interoreceptors receive stimuli from the internal environment of the organism. We divide
them into visceroreceptors (receptor terminals in internal organs that are sensitive
to chemicals, temperature, blood pressure, volume changes or pain) and proprioceptors
(the so-called system of deep sensation in muscles, tendons and joints, etc.).
According to the type of stimulus received, we divide them into:
1) Mechanoreceptors respond to a physical stimulus - such as touch, vibration, tension
or contraction.
2) Chemoreceptors record the presence or changes in concentrations of various
chemicals.
3) Radio receptors are used to register radiation, either light (photoreceptors) or heat
(thermoreceptors).
4.7 Glial cells
The nervous system is made up of not only neurons, but also another important structural and
functional component, which is the supporting cells or glia or neuroglia, which make up more
than half the volume of nervous tissue. Their number is several times higher than the number
of neurons (in some parts of the nervous system up to fifty times). Their amount and
representation is variable and varies in different parts of the nervous system.
Supporting cell precursors can proliferate intensively. Many glia (eg oligodendroglia or
astrocytes - see below) lose their ability to divide.
We recognize several types of glia, each with a specific function (nutritive, construction,
protective and informational). Glia form sheaths of nerve fibers, isolate individual synapses
and affect their number and function. They can capture unnecessary neurotransmitters and
produce substances that modulate neuronal activity. They affect the concentration of ions and
thus affect the excitability of the neuronal membrane and the transmission of excitations
by nerve cells. Neuroglia also remove waste products of nervous tissue and damaged neurons.
They form a glial scar in the place after the neurons die, thus replacing the destroyed area
of the brain. They are involved in maintaining homeostasis (stability of the internal
environment) in nervous tissue and in the local regulation of blood flow in nervous tissue.
In the central nervous system (ie in the brain and spinal cord) we find four types of glial cells:

1) Astrocytes (astroglia) belong to the most numerous glia. They are star-shaped supporting
cells that mediate the neurons' nutrition. Through their long protrusions, they are connected
to blood capillaries and ensure the transfer of substances from the blood to neurons and back.
2) Oligodendroglia (oligodendrocytes) form myelin sheaths around the nerve fibers
of the neurons of the brain and spinal cord, which isolate the individual fibers and accelerate
the conduction of excitations in them. The oligodendroglia encircles the nerve fibers
with flattened protrusions. One oligodendroglia forms myelin sheaths for a large number
of nerve fibers at once (there can be over thirty).
3) Microglia (Horteg's glia) are small and motile cells capable of phagocytosis, which are found
in the brain and spinal cord. Their origin is different from that of neurons and other glia. They
enter the brain during intrauterine life and contribute to the protection of brain tissue
(provide immune surveillance). They are involved, for example, in the "cleaning" and
destruction of dead, damaged or decayed neurons.
4) Ependymal cells are cylindrically shaped cells that line the ventricular cavities, the water
supply, and the central spinal canal. On the surface they have small, moving hairy protrusions
(cilia), which participate in the circulation of cerebrospinal fluid.
In the peripheral nervous system (ie in the area of cranial and spinal nerves and peripheral
nerve ganglia) we encounter two types of glia:
1) Schwann cells form the envelopes of the nerve fibers of the spinal and cranial nerves (see
chapter 4.2).
2) Satellite cells (amphicytes) perform mainly structural, nutritional and metabolic functions
and lie in the nerve ganglia.
You can find ideas for practical exercises on the nervous system here:
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