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9 mikrotubulus-tripletbdl all. Egy par centriélum alkotja a sejtmag kdzelében elhelyezkedd
centroszomat, amely a mikrotubulusok névekedését szervezi.

Egy membrannal koriilvett, ujj-szerl nyulvanya a citoplazmanak, ami a basal bodybdl ered.
(A membrane-covered, finger-like projection of the cytoplasm which originates from the basal body)

A gel that makes up 70% of the whole cell volume, and gives a plastic character to it. Contains water,
inorganic salts and organic molecules.

Fehérje-strukturak halézata, mely egy belsé6 vazat ad a sejtnek. (Network of protein structures

forming an inner skeleton for the cell. Composed of microfilaments, microtubules and intermediate
(IM) filaments.
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az immunvalasz egyik |épése); pinocitdzis (oldott anyagok felvétele)

Lipids with a carbohydrate attached. Their role is to provide energy and also serve as markers for
cellular recognition. (The carbohydrates are found on the outer surface of all eukaryotic cell
membranes. They extend from the phospholipid bilayer into the aqueous (vizes) environment
outside the cell where it acts as a recognition site for specific chemicals as well as helping to maintain
the stability of the membrane and attaching cells to one another to form tissues.)

Important integral membrane proteins —they play a role in cell-cell interactions.

Golgi complex A cell organelle which consists of stacked saucer-shaped flattened cisternae.

Structure: convex-concave 3D structure = the convex part faces the ER system (cis face); the
concave part is called trans face.

Function: it communicates via membrane bound vesicles with the rest of the cell organelles (most
notably with the ER). Liposomal vesicles born here and also proteoglycans (components of
the extracellular matrix) originate from Golgi complex.

Functioning: Transfer vesicles budding off the ER, fuse with the cis face and transport

macromolecules for maturation, which involves glycosilation and phosphorylation.
The tagging of macromolecules enables their sorting for domestic use, secretion for
external utilization or local degradation.
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IM filaments

Lysosome

Intermediate filaments are protein filaments with 10-12 nm diameter. They form a relatively stable,

fibrous network in cell. Their composition is tissue-specific.

T

Membranhatdrolt, gdmboly(, 0.1-1 mikrométer r
atmérdgjli vezikula. Hidrolizalé enzimeket tartalmaz, ’

melyek a sejtbe fagocitdzis altal kerilt részecskéket, ' Golgi l
valamint eloregedett sejtalkotdkat emésztenek. A
hidrolizalé enzimek az ER-ben keletkeznek, onnan
vezikuldk segitségével a Golgiba szallitédnak.

A lizoszoma bels6 kdrnyezete savas (pH: 4.8), amely
a citoplazmabdl, ioncsatorndkon és protonpumpéko

keresztiil beérkezé H* ionoknak kdszdnhetd.

Membrane-bound, spherical (gémbélyd) vesicle with
a diameter of 0.1-1 micrometer. It contains
hydrolytic enzymes that digest particles taken into
the cell by phagocytosis. They also digest old
organelles such as mitochondria. The hydrolytic
enzymes are formed in the ER and then transported
into the Golgi apparatus by transport vesicles.

The lysosomes internal milieu is acidic (pH: 4.8)
which is maintained by pumping H" ions from the
cytoplasm via chloride ion channels and proton

pumps.
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Transport vesicles

5 nm compartment of the cytoskeleton. Made of actin. Each filament contains 2 twisted protein
strings that bind ATP. Function: in muscle tissue they interact with myosin that results in contraction.

10-14 nm compartment of the cytoskeleton. Composed of a and 3 tubulins. The units polymerize to
build up the hollow (iireges) tube. Microtubule-associated proteins (MAP) stabilize the structure.
Dynein and kynesin attachment proteins act as motors in delivery along the microtubules. They are
vital structures in cell division.

Elongated, double membrane composed, tubular structure which undergo self-replication.

Length: in range of 0.5-10 micrometers. The cavity is filled with the matrix substance which contains
a circular DNA, RNA, ribosomes, and a wide array of enzymes. Function: provides ATP to the cell as a
source of chemical energy.

The RER patches in neurons.
Double membrane layer, continuous with rough endoplasmic reticulum.

The network of fibers found throughout the inside of a cell nucleus, and is somewhat analogous to
the cell cytoskeleton.

Holes in the double membrane. They form the nuclear pore complex, which regulates trafficking
between the nucleus and the cytoplasm (macromolecules, RNA).

A small body in the nucleus of a cell that contains protein and RNA and is the site for the synthesis of
ribosomal RNA and for the formation of ribosomal subunits.

Rough Endoplasmic Reticulum. A labyrinthine complex membrane structure composed by tubules,
vesicles and flattened sacks. Function: ribosomes are attached to the outer surface of the paralleling
sacs = protein synthesis takes place at the ribosomes than the newly synthesized proteins get into
the lumen of the membrane sacks.

Smooth Endoplasmic Reticulum. Irregular network of membranous tubules and vesicles which
doesn’t carry ribosomes. It is continuous with the RER system and linked to the Golgi system.
Functions: it takes part in lipid synthesis, glycogen metabolism, break down of metabolites and
detoxification + it stores and releases Calcium in excitable tissues (muscle, nervous tissue).
Location: it is abundant in liver cells and steroid synthesizing endocrine cells.

Vesicles budding off the Golgi complex = they can be classified into 3 categories:

1. Secretory vesicles: they store proteins for extracellular use — triggered by release signals they

move to and fuse with the plasma membrane

2. Exocytic vesicles: constitutive secretion maintaining a continuous supply of proteins to the

extracellular space by exocytosis

3. Lysosomal vesicles: they contain proteins and degrading enzymes, include acid hydrolase. They get

incorporated into the lysosomal digestive machinery.



Nervous tissue

Action potential Transmits signals from the cell body toward the axon terminal.
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3. The Na' channels close and the K" channels open. Since the K" channels are much slower to

open, the depolarization has time to be completed. Having both Na* and K* channels open at the
same time would drive the system toward neutrality and prevent the creation of the action potential.

4. With the K" channels open, the membrane begins to repolarize back toward its resting potential

5. The repolarization typically overshoots the rest potential to about -90 mV. This is called hyperpolarization and

would seem to be counterproductive, but it is actually important in the transmission of information.
Hyperpolarization prevents the neuron from receiving another stimulus during this time, or at least raises the
threshold for any new stimulus. Part of the importance of hyperpolarization is in preventing any stimulus
already sent up an axon from triggering another action potential in the opposite direction. In other words,
hyperpolarization assures that the signal is proceeding in one direction.

6. After hyperpolarization, the Na'/K" pump eventually brings the membrane back to its resting state of -70 mV.

Axon Efferent process of neuron. Propagates action potentials and ensures transport mechanisms. In
light microscope (LM) it seems denser than dendrites.
Naked axon The thinnest axons in the nervous system (d€[0.1 - 0.3] micrometer). They don’t have any

insulating sheath = their conductor velocity is low: 0.5 — 2 m/sec. They occur in axon bundles
within the CNS, and also the initial and the terminal segments of neurons are naked.

Non-myelinated Consists of a group of small axons (150-200 micrometer segments) that have invaginated

axon separately a single Schwann cell (in series) without any spiraling of the mesaxon (=duplicate of the

Schwann cell membrane). Location: sensory fibers carrying temperature and pain sensations.

Axon myelinated In the PNS the Schwann cells rotate around the axon, their mesaxons wrap around the axon

by Schwann cell process resulting in the formation of a concentric, multi-laminar, membrane structure called

myelin. At the Ranvier nodes, the axolemma has access to the extracellular fluid compartment. At
these sites, ion movements take place between the intra- and extracellular compartments. The
myelin sheath speeds up the propagation of the information in the axon.

Axon myelinated In the CNS myelin is formed by the processes of special glial cells, so-called oligodendrocytes.

by oligo- Their processes wrap around axons. A single oligodendrocyte can insulate about 50 axons. Ranvier

dendrocyte nodes also exist between the adjacent myelin insulations. Myelinated axons propagate action

potentials in a saltatory manner from one Ranvier node to the other.
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Branch of the axon process. Takes part in local neuronal networks.

Site for axon origin. Shows high density of voltage-dependent sodium channels. Action potential
initiation place.

The final segment of the axon splitting into fine-caliber (vékony belsé atméréji) processes that
communicate with other elements. It contains microtubules, neurofilament bundles,
mitochondria and pools of synaptic vesicles. Releases neuro-messengers.

Collection of dendrites, extensive branching. Exhibits dendritic spines. Receives afferent axon
terminals from other neurons. Takes part in neural plasticity and remodeling.

Egy neuron eldgazd nydlvanyai. Mikrotubulusokat, RER-t, poliszdmakat és mRNS-eket
tartalmaznak; specialis peptid és transzmitter receptorokban gazdagok. A beérkezé informacié
nagy részét a citoplazma kidudorodasai — az ugynevezett dendritikus tliskék (dendritic spines)
fogadjak.

Dinamikus, aktin-tdmogatott meghosszabbodasa egy fejl6d6 neuritnak (= a neuron sejttestének
barmilyen nyllvdnya). Az axonok és dendritek legvégén taldlhatd. A névekvd axonok és dendritek
Osszes funkciéjat magdban foglalja.

A dynamic, actin-supported extension of a developing neurite (= any projection from the cell body
of a neuron). They are situated on the very tips of nerve cells on axons and dendrites. The
sensory, motor, integrative, and adaptive functions of growing axons and dendrites are all
contained within this specialized structure.

The preferred way of conducting [vezetés] information in the axon is from the direction of the cell
body toward the axon terminal.

Receive information from the environment, processes the data and dispatches executive
commands (végrehajtandé parancsokat kild) that regulate the basic functions of the body. It is
composed of 2 major cell types: neurons and glial cells.

Perikaryon is 10-100 micrometer wide in diameter, the nucleus has a central location and contains
1-2 prominent nucleoli. The cytoplasm around the nucleus contains well-developed RER system
units, called Nissl bodies. High RNA content in cytoplasm = strong basophilia (= egyes sejteknek,
illetve sejtrészeknek az a tulajdonsaga, hogy bazikus [lugos] anyagokkal jél festhetdk). Free
ribosomes, RER and Golgi complexes take part in the production and storing of proteins.

1. Structural unit: neurons are individual entities, totally covered by cell membrane, 15-20 nm

wide interneuronal space separates them.
2. Developmental unit: neurons develop from spherical or columnar neuroepithelial cells of the

neural tube, neural crest and the placode plates. Differentiated, mature
neurons do not divide.

3. Trophic unit: The cell body provides the genetic code and the diverse biochemical machineries
that maintain the trophic needs of the long processes. Nissl bodies are indicative of
the active protein synthesis in neurons.

4. Functional unit: The inhibitory and excitatory currents spread in all directions in the neural

membrane. Once the all-or-none type of action potential is generated it spreads
in the direction of the axon terminal.
5. Pathological unit: Neurons give a different response to pathological causes.




Neuron

Neuron functions

Neuron types

Neuropil

Peripheral nerves

Pyramidal cell

Exhibits processes that are used for networking and communication. Neurons are excitable cells

that maintain a -70mV resting potential due to the uneven distribution of K*, Na* and Cl ions

across the plasma membrane. Increase in the K" and Na* conductance evokes action potential
that results in electric or chemical signaling affecting the membrane properties of the synaptically

coupled neurons. CELL BODY (PERIKARYON)
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1. Multipolar Neurons: most common type with an extended, branching dendritic tree.

E.g. motorneurons in the spinal cord.
2. Bipolar Neurons: possess a dendritic process (nyulvéany) and an axon, originating from the

opposite poles of the cell. E.g. sensory neurons of the vestibular ganglion.
3. Pseudo-unipolar Neurons: the dendrite and the axon arise from a common stem of the neuron.

E.g. sensory neurons of the spinal ganglion.

Any area in the nervous system composed of mostly unmyelinated axons, dendrites and glial cell
processes that form a synaptically dense region containing a relatively low number of cell bodies.

Establish connections with receptor and effector structures. Structurally they are composed of
Schwann cells, fibroblasts and axons. Connective tissue fibers support and hold tightly this cable
like structure.

A type of neuron found in areas of the brain including the cerebral cortex, the hippocampus, and
the amygdala. It is named after its triangular-shaped cell body. Function: They are the primary
excitation units (gerjesztési egységek) of the mammalian prefrontal cortex and the corticospinal tract.
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Glial cells

Astrocytes Star-shaped glial cells in the CNS: the white matter is rich in fibrous, the gray matter is rich in
protoplasmic astrocytes. Their thin processes contain Glial Fibrillary Acidic Protein (GFAP) made
filaments and glycogen. Functions: their processes fill the gaps among neurons, project to blood

vessels to form the blood-brain barrier, surround and isolate synapsing neuronal elements and
form the internal and external glial laminae. They are coupled by gap junctions = they generate
spreading calcium waves.

BBB Blood-Brain Barrier is a highly selective permeability barrier (valaszfal) that separates the circulating
blood from the brain extracellular fluid (BECF) in the CNS. Transporter for sodium (Na*), amino
acids and glucose.

Ependyma Neural tissue that facing the cavities of the brain and spinal cord. Cuboidal or columnar glial cells
that carrying microvilli (used for absorption) and kinocilia (support the flow of CSF) on their
ventricular, apical surface. Location: at the border of the cerebrospinal fluid and the extracellular
space liquid compartments. Tight and gap junctions occur between ependyma cells.

Glial cell Exists in structural and functional symbiosis with neurons.

subpial brain surace
foot process basement

CLASSIFICATION OF NEUROGLIA
ASTORGLIA
1. PROTOPLASMIC ASTROCYTE
2. FIBROUS ASTROCYTE

OLIGODENDROGLIA
1. INTRAFASCICULAR OLIGODENDROCYTE
2. SATELLITE OLIGODENDROCYTE

MICROGLIA
1. RESTING
2. ACTIVATED

EPENDYMA
1. EPENDYMOCYTE
2. TANYCYTE

SCHWANN CELL

ventricle
Glial cell functions . provide support and structure for neurons
. provide insulation (elszigeteltség) for groups of neurons (e.g. insulation from electrical activity)
. form myelin (Schwann cells in PNS, oligodendroglia in CNS)
. remove debris after neuron injury or death
. buffer (csokkenti) K* concentration and remove transmitters from ECF (extracellular fluid)
. during brain development act as guides for neuron migration and outgrowth of axons
BBB
. nutritive (tdplald) function for neurons
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Microglia

Neuroglia
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Schwann cell

Tanycytes

Sejtek nagy szazalékat (5-20%) képezi az agyban: a CNS rezidens immunsejtjeiként miikédnek.
Képesek fagocitalni, igy eltavolitjak a sérilt neuronokat, plakkokat és egyéb fert6z6
képz6dményeket. A nyugalmi mikroglidnak szamos eldgazé nyulvanya van, melyek konstans
maoddon mozogva felmérik a szomszédos terileteket. Az aktiv mikroglidnak nagyobb a sejtteste és
vastagabbak a nyulvanyai; bizonyos ingerek hatasara pedig makrofagga valik.

Microglia constitutes a large percentage (5-20%) of cells in the brain: they operate as resident
immune cells of the CNS. They are capable of phagocytosis and removal of damaged neurons,
degenerative plaques, and infectious agents. The resting microglia has several ramifying
processes that move constantly and survey the neighboring area. The reactive microglia differs
from the resting type: it has a larger cell body and thicker processes. The triggers of activation:
glutamate receptor activation, changes in extracellular potassium level, lipopolysaccharides, pro
inflammatory cytokines and necrosis factors.

Astroglia, oligodendroglia, microglia, ependyma and Schwann cells. They develop from
neuroepithel cells.
Main roles: — guidance of neuron migration in early development

— establishment of the blood brain barrier (BBB)

— formation of myelin

— participation in brain energy metabolism

— production of extracellular matrix

— neurotransmitter uptake, the glutamate-glutamine shuttle

— synthesis of growth factors and cytokines

— phagocytosis, neuroprotection, aging

Apro sejtek szamos eldgazd nyulvannyal. Sok RER-t és poliriboszomat tartalmaznak. 2 fajtaja van:
a szatellit oligodendrocitak a neuronokat tdmogatjak, mig az intrafascikularis oligodendrocitak a
CNS axonkotegeiben jelennek meg, ahol kialakitjak az axonok mielinhiivelyét.

Small cells with numerous branching processes. They have a large quantity of RER and
polyribosomes. 2 types: satellite oligodendrocytes are juxtaposed to neurons and support them;

intrafascicular oligodendrocytes occur in axon bundles of the CNS where they interact with

axons and form the myelin sheath for them.

The myelin insulation of axons is not continuous, there are gaps between myelin enclosures
belonging to neighboring Schwann cells. These myelin free, nude segments are the Ranvier nodes.

Derives from the neural crest. It occurs in the PNS.

Neuron cell body
) Myelin

N 6 — m(er‘node

Ranvier

Specialized ependymal cells covering the floor

region of the third cerebral ventricle. Functions:
they transport substances from the CSF to the
circulation; plus they contain an enzyme that
activate the thyroid hormone.

. . 5 >
Paranodal Node of Compact
loops Ranvier myelin



Autonomic plexus

Chemoreceptors

Mechanoreceptors

Motor end plate

Electrical
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Muscle cell
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Pain receptors

Sarcoplasmic
reticulum

Nerve endings

Postganglionic nerve fibers of the sympathetic and parasympathetic branches of autonomic
nervous system innervate the cardiac muscle, smooth muscle bundles of visceral organs and
glands. These axons do NOT establish synapses with the target cells. They release the transmitter
into the extracellular space from their axons. Specific receptors of the target cells pick up the
transmitters and initiate the cellular responses.

Sensory receptors that monitor changes in the chemical composition of the circulating blood.
They sense oxygen, carbon dioxide saturation and pH. They contribute to the regulation of
respiration and circulation.

Sensory receptors that respond to pressure and distorsion. Mechanoreceptors are numerous in
the superficial and deep layers of the skin. They are either free or encapsulated nerve endings.

The joint units of the nerve terminals and muscle fibers. Synonym: neuromuscular junction.
Motoneurons (projecting from the brain stem and spinal cord) send axons to the striated muscle
fibers for innervations. The terminal axon loses its myelin sheath and the terminal boutons
juxtapose to the sarcolemma, the membrane of the muscle fiber. The axon terminal contains
synaptic vesicles filled with the neurotransmitter acetylcholine. Activation of the nerve terminal
leads to the release of the transmitter that binds to its receptors embedded into the muscle
membrane. The receptor activation evokes cascade events resulting in the contraction of the
muscle fibers

The release of acetylcholine at the neuromuscular

junction causes an electrical impulse to be
generated in the muscle cell plasma membrane

Motor neuron

Acetylcholine

(2) The electrical impuise
{ /. )is camied
to the cel's intenor by
the T tubules

(3) The electrical impulse
triggers the release of
Ca?* from the
sarcoplasmic reticulum

Myocfibrils

Capsulated receptor composed of special, thin striated muscle fibers. The structure is embedded
among extrafusal muscle fibers. The stretching of the extrafusal muscle fibers activates the
receptor that informs the CNS and evokes the compensatory action, the contraction.

Sensory receptors that respond to tissue damaging stimuli. They play a key role in avoiding the
harmful insults of the environment and help to preserve the integrity of the body. The activation
of these so called nociceptors alarms the body. They have fast and slow conducting systems. They
are integrated within the nociceptor reflex arc.



Sarcolemma
Sarcomere

Sensory epithelial
cell

Thermoreceptors

The membrane of the muscle fiber.
The smallest functional unit of a myofibril (izomrost).

They are capable of sensing special stimuli (odor, flavor, liquid movement). They are related to
the special sense organ system. Primary sensory cells convey the information to the CNS by their
own processes, secondary sensory cells forward the information by the peripheral processes of
sensory ganglion neurons.

Sensory receptors that code absolute and relative changes in temperature. They are free-nerve
endings of unmyelinated and thin myelinated fibers. There are cold and warm sensitive types.

NERVE ENDINGS

NEURONS COMMUNICATE WITH NON-NEURONAL ELEMENTS VIA SPECIALIZED
NERVE ENDINGS BELONGING TO EFFECTOR AND RECEPTOR CATEGORIES

I. EFFECTORS

1. MOTOR END-PLATE

2. AUTONOMIC FIBER PLEXUS
II. RECEPTORS

1. MUSCLE RECEPTORS

2. SENSORY EPITHELIAL CELLS

3. MECHANORECEPTORS

4. THERMORECEPTORS

5. PAIN RECEPTORS

6. CHEMORECEPTORS

NEURONS COMMUNICATE WITH OTHER NEURONAL ELEMENTS VIA SPECIALIZED
STRUCTURAL AND FUNCTIONAL UNITS

I. SYNAPSES

1. CHEMICAL SYNAPSE
2. ELECTRICAL SYNAPSE
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Chemical synapse

Electrical synapse

En passant synapse

Synaptic communication

Basket-like synapse The terminating axons form basket-like structures around the base of the cell at the axon hillock

region. Innervation of Purkinje cells happens by basket neurons.

of spinal motoneurons represents this connection type.

neurotransmitters mediate the information from one cell to the other. The synapsing elements

Bouton-type synapse The axon exhibits significantly enlarged, spherical axon terminals, so called boutons. Innervation

The dominant form of communication in the CNS of humans. Chemical substances called

are separated by the synaptic cleft. It's a one way conduction. The human brain possesses about

10" to 5 x 10™ synapses.

Main characteristics of chemical neurotransmission:

1. The synthesis of the classic neurotransmitters takes place in the presynaptic axon terminal

2. The classic and peptide neurotransmitters are stored in synaptic vesicles and granules forming a

releasable pool of bioactive messenger substances

3. Upon activation of the presynaptic element, the neurotransmitters are released into the synaptic cleft
4. Binding and recognition of neuromessengers by specific receptors of target structure
5. Termination of the synaptic events, inactivation of transmitters

gap junctions. At the gaps, the interacting elements are in continuous, although the opening of

The extracellular space narrows (20 nm = 2.7 nm) and the interacting membranes get coupled by

the pores is regulated: they are composed of connexons which close if the calcium concentration

is high. There’s no synaptic delay; and the transmission is bidirectional. It can be detected by

intracellular delivery of the dye, Lucifer yellow.

FEATURE

Distance between pre- and
postsynaptic cell membranes

C ytoplasinﬁ continuity between
pre- and postsynaptic cells

Ultrastructural components
Agent of transmission

Synaptic delay

Direction of transnussion

ELECTRICAL
SYNAPSES

3.

N

nmm

Yes

Gap junction
channels
Tonic current

Virtually absent

| Usua Iy
| bidirectional

CHEMICAL SYNAPSES

30-50 nm

No

Presynaptic active zones and
vesicles: postsynaptic receptors
Chemucal transmutter

Significant: at least 0.3 ms,

usually 1-5 ms or longer

Unidirectional

The axon establishes several synapses along its course without branching into axon terminals.

Dendritic spines of Purkinje cells receive information from granule cells this way.

(jelentés: menet kozbeni)
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Excitatory synapses They release excitatory neurotransmitters like acetylcholine, serotonin, dopamine, noradrenaline

and histamine which increase the membrane’s permeability to Na*. The sodium influx results in
the increase of the resting membrane potential: excitatory postsynaptic potential (EPSP). The
EPSPs are subjects of spatial and temporal summation mechanisms that increase the probability
of evoking action potential firing in the postsynaptic neuron. Excitatory synapses generally carry
spherical synaptic vesicles with 30-40 nm diameter.

Fatigue of synaptic Overstimulation of excitatory synapses repetitively at a rapid rate induces a compensatory

transmission

mechanism manifested in a gradual decline of discharges of the postsynaptic neuron.

Glomerular synapse Has a complex architecture in which multiple dendrites receive information from the same,

Inhibitory synapse

Parallel contacts

Post-tetanic
facilitation

Synaptic delay

Synaptic strength

Types of synapses

Axosomatic
synapse

- (b)
A, Axodendritic

Axon

Dendrite

D. Reviprocal syma psos

Drendrite

Dendrite

=i

terminating large-sized axon. The interacting structures fit each other like cogwheels. Synapses
formed by mossy fibers and granule cell dendrites in cerebellum.

The axons release inhibitory neurotransmitters like gamma-aminobutyric acid (GABA) and glycine.
They open potassium and/or chloride channels the effluence of potassium and/or the influence of
chloride ions results in the decrease of the resting membrane (hyperpolarization). The voltage is
called inhibitory postsynaptic potential (IPSP). Inhibitory synapses generally carry flattened
synaptic vesicles. The pre- and postsynaptic membrane regions are equal in thickness.

Synaptic type in the CNS. The axons climb and wind around the innervated cell. Climbing fibers
terminate this way on Purkinje cells.

In the rest period after a repetitive, tetanic stimulation the synapse might become even more
responsive to subsequent stimulation than normally. It may last for seconds or minutes. This
mechanism contributes to short term memory storage.

Delay in the transfer of information from one neuron to the other. It is about 0.5 millisecond.
Primarily due to the duration of actions in the synaptic cleft and at the postsynaptic membrane.

It is defined by the change in transmembrane potential resulting from activation of the
postsynaptic neurotransmitter receptors.
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Neurotransmitters

DEFINITION AND CRITERIA OF NEUROTRANSMITTERS

NEUROTRANSMITTERS ARE ENDOGENOUS BIOACTIVE SUBSTANCES SYNTHESIZED BY
NEURONS. THEY ARE RELEASED FROM THE CELLS, ACT VIA SPECIFIC RECEPTORS
COUPLED TO THE MEMBRANE OF POSTSYNAPTIC TARGET STRUCTURES AND MODIFY
THE ELECTRIC AND METABOLIC CONDITIONS OF THE AFFECTED CELLS.

CRITERIA OF CHEMICAL NEUROTRANSMITTERS:

1. THE SYNTHESIS OF THE CHEMICAL TRANSMITTER TAKES PLACE IN THE

PRESYNAPTIC NEURON

THE SYNTHESIZED TRANSMITTER OR IT PRECURSOR IS STORED IN THE RELEASE

COMPARTMENT OF THE CELL, MOST FREQUENTLY IN AXON TERMINALS

3. RELEASE OF THE NEUROTRANSMITTER INTO THE SYNAPTIC CLEFT UPON
EXCITATION OF THE PRESYNAPTIC ELEMENT

4. BINDING OF THE TRANSMITTER TO ITS RECEPTOR/S/ THAT BELONG TO IONOTROPIC
AND METABOTROPIC CLASSES

5. TERMINATION OF THE ACTION OF TRANSMITTERS AND ITS TRIGGERED
MECHANISMS|

2

OH

Dopamine Synthesis: PiHa =

éH:z —CHz-MH—CHa
’ﬁ‘TCHz—dH—c oo®
1 ’L\) Ho 5
HO Tyrosine o1 Epinephrine ’
tetrahwydrobiopterin
- 0.
tyrosine i S-adenosylhomocysteine phenylethanolamine
hydroxylase dihydrobiopterin ALmethyltransferase
+ HLO S-adenosylmethionine
" oH
- = dHo—CHa—H2
hHs /&
HO

oH

’/\‘—cm—éﬁ—coo"

OH

2 DOPA

Norepinephrine 4

DOPA decarboxylase dopamine g- hydroxylase

co, /l’:rjrcm—cm-mﬂz
HO

OH

Inactivation by MAO and DAT .
Dopamine 3

Receptors: D1 — D5 receptors (G-coupled)
Expression in brain: brain stem, hypothalamus
Significance: attention, memory; Parkinson disease, schizophrenia

Norepinephrine Synthesis (up)
Inactivation by MAO, re-uptake by NET (norepinephrine transporter)
Receptors: G protein-coupled receptors
Expression in brain: brainstem
Significance: attention, feeding regulation, stress
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Serotonin

Acetylcholine

Glutamate

Histamine

GABA

Glycine

Anterograde
transport

Docking

Synthesis: Tryptophan = Tryptophan hydroxylase = aromatic L-amino acid decarboxylase
Inactivation: by MAO, re-uptake by serotonin transporter

Receptors: ligand-gated ion channel, G-coupled receptors

Expression in brain: brainstem

Significance: feeding regulation, obesity, aggression

Synthesis: Acetyl CoA + Choline = Choline Acetyltransferase

Inactivation: Acetylcholinesterase, choline transporter

Receptors: nicotinic, ionotropic, ligand-gated ion channels, muscarinic, G-coupled receptors
Expression in brain: forebrain, brainstem

Significance: memory, attention; Alzheimer disease

Synthesis: a-ketoglutamate = aminotransferase OR
glutamine 2 glutaminase
Inactivation: neural and glial uptake by glutamate transporters
Receptors: ionotropic, metabotropic, G-coupled receptors
Expression in brain: throughout the brain
Significance: plasticity, learning, long term potentiating, neurotoxicity

Synthesis: histidine = L-histidine decarboxylase
Inactivation: MAO-B, histamine-N-methyl transferase
Receptors: histamine receptors 1-4

Expression in brain: hypothalamus

Significance: sleep-waking cycle, psychomotor performance

Synthesis: L-glutamate > glutamate decarboxylase (GAD)

Inactivation: GABA aminotransferase

Receptors: GABA A, chloride channel, GABA B

Expression in brain: in the entire neuroaxis (a CNS teljes tengelye mentén)
Significance: inhibition of excitatory actions, epilepsy, anxiety (szorongas)

Synthesis: serine = serine hydroxymethyltransferase
Inactivation: glycine transporters

Receptors: chloride channel

Expression in brain: spinal cord

Significance: inhibition of excitatory actions

A cellular process responsible for movement of mitochondria, lipids, synaptic vesicles, proteins,
and other cell organelles to and from a neuron's cell body, through the cytoplasm of its axon.

The process of insertion of synaptic vesicles into the presynaptic grid and establishing contact
with the presynaptic membrane.
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Excitation of
secretory vesicles

1. Action potentials open voltage gated calcium channels in the terminals that allow the influx of

calcium. The calcium channels are situated in the membrane facing the active zone of the
synapse where the docked and primed vesicles are waiting for release. The elevation of the
intracellular calcium concentration evokes transmitter release even under blocked sodium
action potential and potassium channels: it liberates the synaptic vesicles from actin filaments
of the cytoskeleton. Divalent cations that block calcium channels arrest the vesicular release of
transmitters.

2. Membrane fusion: the snare protein superfamily is composed of dozens of peptides. A key role

of snare proteins is to assist the docking, fusing and emptying of synaptic vesicles. In addition
to the synaptic membrane protein synaptobrevin, proteins syntaxin and snap 25 contribute
to the formation of the snare or pore complex. Syntaxin and snap-25 are primarily associated
with the cell membrane. The vesicular components of the complex are referred to as V-snare,
while the membrane-associated unit is called T-snare. The tight snare complex brings
together the two membranes. The calcium influx triggers the formation of an initial
membrane pore similar to a gap junction that gradually enlarges and leads to the collapse of
the exocytotic vesicle. Synaptotagmin serves as calcium sensor in the process.

3. Recycling of synaptic vesicles: during transmitter release, the synaptic vesicles fuse with the

plasma membrane and empty their content into the synaptic cleft. The synaptic membrane is
retrieved by endocytosis. The clathrin-coated recovered membrane appears in endosomes
that are used for the production of new vesicles. The presynaptic membrane of the axon
terminal contains transmitter transporters (for choline, dopamine, noradrenaline, GABA,
glutamate, serotonin) that allow the uptake of the transmitter or its breakdown product from
the synaptic cleft for recycling. Drugs acting on membrane transporters are powerful
modulators of synaptic functions and performance of neuronal networks.

SCHEMATIC ILLUSTRATION OF DOCKING AND FUSION OF SYNAPTIC VESICLES

nerve terminal —

K* channel

e M———_’“, * Na*

S NOTE THE INTERACTION OF VESICULAR AND
TARGET MEMBRANE-ASSOCIATED PROTEINS
(V-SNARE AND T-SNARE). THE PROTEIN
COMPLEX ATTACHES THE VESICLE TO THE

MEMBRANE. NSF AND SNAP PROTEINS ALSO

synaptic

; Na* channel
vesicle

SNAP 1
ATP
NSF

neurotransmitter

) docking
V-SNARE

T-SNAREs Catt/

channel neurotransmitter

CONTRIBUTE TO THE FORMATION OF THE
FUSION COMPLEX. THE FUSION AND FISSION
OF THE VESICLE IS TRIGGERED BY CALCIUM
AND THE DISASSEMBLY OF THE FUSION
COMPLEX BY ATP HYDROLYSIS (NSF). THE
TRANSMITTER GETS RELEASED AND THE

receptor

VESICULAR MEMBRANE RECYCLED.
BOTULINUM AND TETANUS TOXINS CLEAVE
THE SNARE PROTEINS AND PREVENT THE
RELEASE OF THE TRANSMITTERS. BOTH
INFECTIONS MAY BE LETHAL

synaptic
cleft

®ENSforum.com |

COURTESY OF LUNDBECK INSTITUTE. DENMARK

Neuropeptides Biologically active substances used as signal molecules in interneuronal communication. These
peptidergic neurons contain mRNAs in their cytoplasm that encode the neuropeptides precursor
proteins. Their synthesis takes place in RER than the newly synthesized peptide is directed to the
Golgi complex where its modification occurs. The maturing proteins are packed into secretory
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Neurotransmitters

NT transporters

Presynaptic grid

Protein structures
built in the synaptic
membrane

Synaptic vesicles

mZ—r—>2Z2mA00 >

vesicles (80-200 nm) that are released from the trans-Golgi face. The constitutive transport directs
the vesicles to the axon terminals utilizing anterograde transport mechanisms. In peptidergic

synapses recycling of neuropeptides doesn’t occur — they rather diffuse and get cleaved by
endopeptidases. The activity of endopeptidases can locally regulate the peptide concentration
and consequently the activation of the G-protein coupled receptors.

In the CNS their number exceeds 100. Location: in axon terminals. The hypothalamus (that
regulates the endocrine system) is especially rich in neuropeptides.

Examples: insulin, gastrin, secretin, oxytocin, enkephalin.

Endogenous substances that act as chemical messengers by transmitting signals from a neuron to
a target cell across a synapse. 2 types: excitatory NTs (glutamate, epinephrine and norepinephrine)
and inhibitory NTs (GABA, glycine, and serotonin).

Membrane transport proteins with 12 membrane spanning domains. Their primary function is to
carry neurotransmitters across these membranes and to direct their further transport to specific
intracellular locations.

Hexagonal array of electron dense particles attached to the cytoplasmic face of the presynaptic
membrane. It consists of 50 nm pyramid-shaped particles being interconnected by 100 nm spaced
fibrils. It can be revealed by staining with ethanolic phosphotungstic acid.

. Vesicular transmitter transporters: uptake and accumulation of transmitters

1
2. Proton pump: generation of electrochemical gradient
3. Synaptobrevin: vesicular fusion

4. Synaptotagmin: binding of calcium ions

5. Synapsin: binding to actin

6. RAB3: regulation of vesicle targeting

7. Cysteine string protein: regulation of Ca channels

Small, 40-50nm electron lucent round or flattened vesicles, which carry classic (amine) NTs.
They contain proton pump, which catalyses the translocation of protons from cytoplasm to the
organelle. The established electrochemical gradient is used for the uptake of NTs into the vesicles.

7 Classical transmitter Peptide transmitter
Production of . Production of \ O
(1) Synthesizing \ (1) Peptide
enzymes (precursor)
(2) Storage (2) Storage X
vesicles vesicles
{3) Converting
enzymes
¥
ol @ :
Axonal transport of | ! Axonal transport of
(1) Synthesizing ol @ (1) Storage
enzymes ‘ l vesicles O
) 4 }
(2) Storage &
vesicles ° i
1) C
old
v ©®
Supply by i i Supply by I
(1) Axonal transport ® (1) Axonal transport
+ storage 9 + storage
(2) New synthesis [ N
(3) Reuptake
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Table of Common Neurotransmitters

Transmitter
Molecule

Transmitter
Class

Derived from

Receptors / Activities / Comments

Acetylcholine

Choline

functions in both the CNS and the PNS; receptors are cholinergic; 2
receptor classes: muscarinic (metabotropic) and nicotinic
(ionotropic); within the periphery ACh is the major transmitter of
the autonomic nervous system where it activates muscles; within
the brain its major effects are inhibitory or anti-excitatory; its
actions in cardiac tissue are also inhibitory

GABA

amino acid

Glutamate

major inhibitory neurotransmitter in the CNS; also exerts effects in
the periphery; binds to two classes of receptor termed
GABA, (ionotropic) and GABAg(metabotropic)

Glutamate

amino acid

most abundant excitatory neurotransmitter in the CNS; glutamate
binds to the metabotropic glutamate receptors (mGIluRs) of which
there are eight (mGIluR;—mGIuRs) divided into three families;
glutamate also binds to several ionotropic receptors including

the N-methyl-D-aspartate (NMDA) receptor (NMDAR), the kainate
receptors (KAR), and the a-amino-3-hydroxy-5-methyl-4-
isoxazolepropionic acid (AMPA) receptor (AMPAR)

Aspartate

amino acid

stimulates the NMDA receptor but not as strongly as glutamate

Glycine

amino acid

inhibitory neurotransmitter in the CNS primarily within the
brainstem, spinal cord, and retina; binds to glycine receptors (GlyR)
which are ionotropic; there are two separate subunit proteins of
each GlyR (a and B) that combine in various ways to generate a
pentameric structure; there are four a-subunit genes (a,_4) and one
B-subunit gene; the primary adult form of GlyR is composed of
three a; subunits and two B subunits; is also a required co-agonist
with glutamate on NMDA receptors and in this capacity exerts an
excitatory effect

Histamine

diamine

histidine

produced by mast cells, basophils, enterochromaffin-like cells (ECL)
of the stomach, and hypothalamus; within the gut histamine
stimulates gastric parietal cells to secrete acid; released from mast
cells when allergens bind to IgE-antibody complexes; there are four
histamine receptors (H1-H4) all of which are GPCRs

Serotonin
5-
hydroxytryptamine
(5-HT)

monoamine

tryptophan

most abundantly expressed in enterochromaffin cells of the gut
where it regulates motility, also found in the CNS and platelets;
released from activated platelets where it stimulates further
activation propagating role of platelet aggregation in coagulation;
in the CNS 5-HT regulates mood, appetite, sleep, memory and
learning; selective serotonin re-uptake inhibitors (SSRIs) used in the
treatment of depression
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catecholamine neurotransmitter and hormone; binds to both a-
and B-adrenergic receptors (GPCRs); produced in the adrenal

Epinephrine . . medulla and some CNS cells; primary hormone of the fight-or-flight
. monoamine tyrosine . . .
synthesis pathway response of the sympathetic nervous system; is a major regulator
of metabolic processes in numerous tissues; regulates heart rate,
induces vasoconstriction and bronchodilation
catecholamine neurotransmitter and hormone; binds to both a-
and B-adrenergic receptors (GPCRs); produced in CNS by
Norepinephrine . . sympathetic nerves; major neurotransmitter function is in
) monoamine tyrosine . . . . .
synthesis pathway regulation of cardiac chronotropic (rate) function; functions along
with epinephrine in the fight-or-flight response; involved in
adaptive thermogenesis in brown adipose tissue (BAT)
within the CNS dopamine plays a major role in reward-motivated
behavior such as feeding and drug-seeking behaviors; also involved
Dopamine . . in motor control; in the periphery dopamine regulates the release
monoamine tyrosine

synthesis pathway

of several hormones such as insulin from the pancreas and
norepinephrine from blood vessels; functions by binding to a family
of dopaminergic receptors (GPCRs)

Anandamide

other

phospholipids
via at least 2
pathways

an endocannabinoid, binds to the cannabinoid receptors (CB,; and
CB,) with highest affinity for CB;; CB, is most abundant receptor in
the CNS; classic response to CB; activation is stimulation of food
intake; exerts peripheral effects on overall energy homeostasis

Adenosine

other

ATP

is an inhibitory neurotransmitter within the CNS, suppresses
arousal thus promoting sleep; within the periphery adenosine
exerts anti-inflammatory actions, induces bronchospasm in the
lungs, and within the heart where it affects the cardiac conduction
system; adenosine binds to a family of adenosine receptors (GPCRs)
identified as A, Aya, Asg, and A

ATP

other

as a neurotransmitter ATP is released from sympathetic, sensory
and enteric nerves; binds to P2Y;, which is a member of the
purinergic family of GPCRs (metabotropic receptors of which there
primarily expressed on the surface of platelets; also binds to the
ionotropic family of purinergic receptors (P2X) which consists of
seven members (P2X,_;); these receptors modulate synaptic
transmission throughout the CNS, PNS, and autonomic nervous
system; in the periphery the P2X receptors activate contractile
activity of various muscle types

Nitric oxide, NO

gas

arginine

endothelial cells, phagocytic cells, CNS, gastrointestinal tract; binds
to and activates soluble guanylate cyclase, oxidizes iron-containing
proteins, nitrosylates protein sulfhydryl groups
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Apoptosis

EPSP

lonotropic receptors

nAChR

IPSP

Metabotropic
receptors

Receptors

Steps: breakdown of the cytoskeleton by caspases = chromatin undergoes condensation into
compact patches against the nuclear envelope = the nuclear envelope becomes discontinuous
and the DNA becomes fragmented - the cell membrane shows blebs (=irregular buds) - the cell
breaks apart into several vesicles, called apoptotic bodies which will be phagocytosed.

Excitatory Postsynaptic potential. A gerjeszté NT-ek hatdsara a Na® csatorndk megnyilnak - Na*
ionok dramlanak a posztszinaptikus neuronba = a nyugalmi potencialhoz képest emelkedik a
membranpotencial = nagyobb valséggel keletkezik akcids potencial

Transmitter receptors that form pores, specific ion channels in the membrane that allow the
passage of ions upon activation. They perform as ligand-gated ion channels.
— fast postsynaptic responses:
— ligand binds = channel opens = ions flow in along the gradient
— excitatory: nicotinic acetylcholine receptor (nAChR), glutamate receptors (NMDA, AMPA
and Kainate type), serotonin receptor
— inhibitory: GABA, receptor, glycine receptor

Functional roles: execution of movement and autonomic functions, modulation of CNS networks
via pre- and postsynaptic regulation

Inhibitory Postsynaptic potential. A gatlé transzmitterek hatdsara a Cl" és K* csatornak megnyilnak
-> Cl"ionok dramlanak a posztszinaptikus neuronba és K ionok aramlanak a szinaptikus résbe = a
nyugalmi potencidlhoz képest csdkken a membranpotencial = kisebb valséggel keletkezik akcids
potencial

Transmitter receptors that are coupled to GTP-binding proteins (G proteins) via their intracellular
domains. G protein activation evokes secondary responses in the cell that alter its metabolism.
— slower onset, but longer duration
— peptides use only these receptors (!)
—the activated GPCR can turn on an associated G protein by exchanging its
bounded GDP to a GTP
—the G protein has o, and y subunits = the a subunit with the bounded GTP dissociates
and affects second messengers

— e.g.: muscarinic acetylcholine receptor (mACh), metabotropic glutamate, dopamine
LIGAND

ION CHANNEL
Lt A MEMBRANE
T " .

SECOND MESSENGERS
cAMP c¢GMP Ca’* Diacylglycerol IP;

2

THIRD MESSENGERS
Protein phosphorylation

RAPID MEDIATORY EF .
EFFECT General metabolism Synthesis of receptors/channels

lon channel
activation/inactivation

Transmitter synthesis/release Synaptogenesis
Receptor sensitivity Learning/memory
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Necrosis Steps: plasma membrane and the nuclear membrane becomes irregular = small blebs form >
the blebs fuse and become larger = the cell membrane ruptures and releases the cell’s content.

Receptors Complex proteins that show high affinity binding for transmitter ligands. Ligand binding alters the
conformation of the receptor that evokes postsynaptic responses. The response depends on the
amount of the transmitters, the number and state of the receptor. As well as being present on the
surfaces of postsynaptic neurons, neurotransmitter receptors are found on presynaptic neurons.
In general, presynaptic neuron receptors act to inhibit further release of neurotransmitter
Transmitter receptors belong to 2 categories: the receptors that are of the GPCR family are
referred to as metabotropic receptors, whereas, the ligand-gated ion channel receptors are
referred to as jonotropic receptors.

IONS

N
N

e METABOTROPIC RECEPTOR

IONOTROPIC RECEPTOR

: G PROTEIN

\%
INTRACELLULAR MESSENGERS

V' CELLULAR RESPONSE
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Development of the nervous system

Neural plate During the stage of neural plate formation the embryo consists of three cell
layers: the ectoderm that eventually forms the skin and neural tissues, o —
the mesoderm that forms muscle and bone, and the endoderm that will form \,_ 2 T
the cells lining the digestive and respiratory tracts. The progenitor cells that
make up the precursors to neural tissues in the neural plate are called
neuroepithelial cells. The formation of the neural plate starts when dorsal S
mesoderm signals ectodermal cells above it to lengthen into columnar neural plété cells.

Neural tube The embryo’s precursor to the CNS. The center of the tube is the neural canal.
Derives from: The neural groove gradually deepens as the neural folds become elevated
(emelkedett), and ultimately the folds meet and merge in the middle line and convert
the groove into the closed neural tube. The other cells that were part of the neural
plate migrate away from the tube as neural crest cells.

eural crest

Roof plate

A /
Neural fold
Notochord Neural groove Alar plate
Intermediate zone Mantle layer Sulcus limitans
Surface of neural crest Dorsal roc

. ganglion Basal plate

Neural Tube: Cell Growth
Floor plate and Differentiation

#Neural tube A @

Develops into: 4 regions of the CNS: prosencephalon, mesencephalon, rhombencephalon and
spinal cord. The epithelial cells lining the neural tube divide heavily and give rise to
the cellular constituents of the brain and spinal cord. At first glioblast and
neuroblast cells develop: glioblasts differentiate into glial cells, neuroblasts into

neurons.
Layers growing 1. Ependymal layer: undifferentiated, proliferating cells
around the 2. Mantle layer: forms the grey matter
neural canal 3. Marginal layer: forms the white matter

Migrating neurons  Postmitotic cells incapable of dividing. The migratory process is called radial migration.
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Development of the spinal cord

Within the 4th embryonic week, the mantle layer differentiates into ventrally located basal and dorsally
positioned alar plates on both sides. In the median sagittal plane, the mantle layer remains thin forming the
floor plate ventrally and the roof plate dorsally. From the basal plate the ventral horn of spinal cord develops.
The dorsal, sensory horn derives from the alar plate.

S | RECEPTOR
A ROOF PLATE
ALAR PLATE
BASAL PLATE
FLOOR PLATE STRIATED

MUSCLE

—_—

Somato-motor neurons developing in the basal plate grow axons that leave the spinal primordium and establish
connections with striated muscles developing in the same segment. This is the early formation of the
neuromuscular junctions.

Neurons of the alar plate differentiate further and establish complex nuclei that are functionally coupled to the
processing of sensory information. The sensory stimuli are carried to the alar plate by the central processes of
external pseudo-unipolar neurons. These cells differentiate from the neural crest and establish the sensory
dorsal root ganglia in the segments of the body. The peripheral processes of these sensory neurons are linked
with receptors.

In the marginal layer, axon bundles can be found. They either belong to short intersegmental connections or to
major ascending and descending fiber tracts interconnecting the spinal segments with other regulatory parts of
the neuroaxis.

neural groove

neural
crest

ectoderm ependyma neural tuLe central canal
roof and

migrating alar plates
neural dorsal
crest root

ganglion

alar plate sensory

nuclei

motor
nuclei

basal plate
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Development of the brain

From the rostral (feji) part of the neural tube 3 brain vesicles derive: the prosencephalic, the mesencephalic and
the rhombencephalic vesicles. Further differentiation divides the prosencephalon in two secondary brain
vesicles: the telencephalic and the diencephalic ones. The mesencephalic vesicle maintains its original integrity
without splitting into parts. The development of the rhombencephalic vesicle results in the formation of the
secondary metencephalic and myelencephalic vesicles.
From the original cavity of the prosencephalon the lateral and third ventricles, from the cavity of the
mesencephalon the cerebral aqueduct and from that of the rhombencephalon the fourth cerebral ventricle
develop.

SCHEMATIC ILLUSTRATION OF BRAIN VESICLES AND THEIR DERIVATIVES
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Folding of the brain, compartmentalization of the brain stem

At the end of the first month, two flexures (=curves) of the brain are obvious. The cervical flexure
occurs between the spinal cord and the medulla, the mesencephalic flexure develops at the level of the
midbrain. The concavity of both flexures points toward the ventral part of the body.

Later, a third flexure develops at the level of the rhombencephalon, called the pontine flexure. It folds the
metencephalon back to the myelencephalon.

Mesencephalon Metencephalon

Pontine Flexure
/ / Myelencephalon

v~ )

! / ——Spinal cord
28 days 40-45 days

Prosencephalon Mesencephalon

Rhombencephalon
/

Di hal
Cephalic Flexure ONCOPIMON i

== inal
Cervical Flexure i DPinel Lond

Telencephalon

The lateral out-pocketings of the telencephalic vesicles are also characteristic features, together with the
development of the optic cup which provides the primordium of the retina. The brain stem shows an
organization resembling the pattern of the spinal cord. From the basal and alar plates centers of certain cranial
nerves develop.
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Development of the telencephalon

The telencephalic vesicles grow laterally as bubbles on both sides. The developing vesicle provides the frontal
(homlok-), parietal (fali -), temporal (halantéki -) and occipital (nyakszirti lebeny) lobes, as well as, the insula.
These parts gradually cover and hide the diencephalon.

The cavity of the telencephalic vesicle is the lateral ventricle (oldalsé kamra).
From the dorsal part of the wall of the growing telencephalic vesicle the cerebral cortex develops.
From the thicker, ventral part of the vesicle the corpus striatum develops.

The ventral surface of the telencephalic vesicle gets juxtaposed to the diencephalic structure, the thalamus. This
border zone is crossed by an extremely massive and functionally crucial fiber bundle system, the internal
capsule. It contains fibers establishing communication between the thalamus and the cerebral cortex, and also

multiple connections among the cortex, the brain stem and the spinal cord. Both ascending and descending

fiber tracts are represented in it. Medial view of major Goniii siidbing

subdivisions of cortex

Parietal lobe
Derivatives of prosecephalon =

Parietooccipital
Frontal lobe sulcus
Cingulate
sulcus

Limbic
lobe

Cerebral Cortex

Corpus Striatum

.

'_Superior

Colliculus
Midbrain
Inferior tectum
Sl Colliculus

< Development of telencephalon

- Cerebellum
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Spinal cord

Spinal meninges

Units of spinal cord

Dermatomes

Muscle innervation

Spinal cord

Cylindrical structure, slightly flattened dorsoventrally that IS enclosed by the meninges
(agyhartyak). Location: in the vertebral canal, it is surrounded by vertebrae (vertebral columns +
+ intervertebral discs). The ratio of white/grey matter volume changes: the cervical segments are
larger with much more white matter in them in comparison with caudal, sacral segments.

2 types: pachimeninx and leptomeminx. The pachimeninx is formed by the dura mater (kemény
agyhartya). The arachnoid and the pia mater form the inner envelopes. They establish the
liquor-filled subarachnoid space. The innermost pia mater smoothly and tightly covers the entire
surface of the spinal cord. Arising from this membrane serrated ligaments can be found on both
sides of the spinal cord that attach the cord to the dura mater. Actually, the spinal cord is
suspended (felfliggesztett) and floats in the CSF. Caudal to termination of the spinal cord, the
meninges (hartyak) surround the bundles of the dorsal and ventral roots (cauda equina) of
lumbosacral segments. This is the preferred locus of lumbar puncture (lumbalas).

1. Grey Matter: — located centrally within the spinal cord; butterfly-shaped
— composed of neurons and glial cells
2. White Matter: e peripheral location, surrounding the grey matter
e consists of fiber bundles, so-called tracts and glial cells
3. Spinal Segments: the incoming sensory fibers (dorsal root) and the outgoing motor axons

(ventral root) — 1-3 cm high divisions of the cord. The 2 roots join and form the
spinal nerve that after a short journey splits into dorsal and ventral rami
(3gak). There are 31 segments: 8 cervical (nyaki), 12 thoracic (hati), 5 lumbar
(dgyéki), 5 sacral (keresztcsonti) and 1 coccygeal (farokcsigolya)

SPINAL SEGMENTS

WHITE MATTER

DORSAL ROOT

DURA MATER

VENTRAL ROOT

SPINAL NERVE

Well-defined and shaped segmented regions of the skin which are innervated by the sensory
components of a given pair of spinal nerves.

Skeletal muscles of the body develop predominantly from myotomes that are derivatives of the
mesoderm layer. Myotomes provide myogenic cells that generate the muscles. They are
segmented structures. Accordingly, muscles developing from given segments are innervated by
somatic motoneurons developing in the ventral horn of the spinal cord of the same segments.
These neuromuscular connections are established early. As muscles migrate to their final
destination they pull the motoneuron axons with themselves. The function of the muscles and
their innervating nerves can be examined by electromyography (EMG).
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Grey matter Made up of nerve cell bodies. Organized into 3 horns: dorsal, lateral and ventral horns. In the
center of grey matter the original cavity of the neural tube, the canalis centralis is located.
Cranially it is continuous with the 4™ cerebral ventricle.

The posterior horn is associated with sensory information processing > this is where the pain
nerve cells are located. The sensory messages are conveyed via the dorsal root to the posterior
horn.

The lateral horn is explicit at certain thoraco-lumbar (T1-L3) and sacral (52-54) segments from
where the sympathetic and parasympathetic outflows occur. Accordingly, the lateral horn is
packed by autonomic, preganglionic cells. Their axons leave the spinal cord and enter the ventral
root.

The anterior horn consists of large, somatic motoneurons and interneurons. The axonal projection
of motoneurons uses the ventral root and the spinal nerve for exiting.

Dorsal root fibers They belong to 2 categories:
1. Thick, myelinated axon group: entering the spinal cord divide into ascending and descending

branches that further give rise to collateral branches. The ascending branches enter the
dorsal funiculus and project to the medulla. Another termination site for myelinated
ipsilater dorsal root fibers is the Clarke nucleus. The thick myelinated fibers carry
information from encapsulated receptors (muscle spindle, Golgi tendon organ)

2. Thin, myelinated or non-myelinated axon group: carry information associated with light touch,
pain and thermal stimuli. They enter a thin fiber compartment, called the Lissauer zone,

that covers the surface of the posterior horn. Fibers entering the grey matter most
frequently terminate in layers | and Il. This kind of sensory information is relayed further
to the thalamus via the crossed spinothalamic tract.

SCHEMATIC ILLUSTRATION OF THE CROSS-SECTIONED SPINAL CORD

radix dorsalis sulcus medianus posterior A
funiculus posterior

r-\

Lissauer tract

cornu posterius
funiculus lateralis

/ cornu laterale

candlis centralis

commissura
anterior funiculus anterior

radix ventralis

cornu anterius
fissura mediana anterior

THE GRAY MATTER IS ORGANIZED INTO DORSAL, LATERAL AND VENTRAL HORNS. THE FIBER
TRACTS OF THE WHITE MATTER RUN IN THE POSTERIOR, LATERAL AND ANTERIOR FUNICULI
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I

2. FASCICULUS CUNEATUS

5. TR. SPINOCEREBALLARIS VENTRALIS
6. TR. CORTICOSPINALIS CRUCIATUS
7. TR. RUBROSPINALIS

9. TR. SPINOTHALAMICUS
10. TR. OLIVOSPINALIS

13. FASC. LONGITUDINALIS MEDIALIS) !

Tracts of the spinal cord

TRACTS OF THE SPINAL CORD

FASCICULUS GRACILIS

[R. RETICULOSPINALIS

[R. CORTICOSPINALIS DIRECT

R. VESTIBULOSPINALIS

Ascending (felszallg) tracts:

e 1. Fasciculus Gracilis: sensory = light touch, vibration, 2-point discrimination, position sense

e 2. Fasciculus Cuneatus: sensory = light touch, vibration, 2-point discrimination, position sense
e 4. Dorsal Spinocerebellar Tract: coordination of movements and posture

e 5. Ventral Spinocerebellar Tract: coordination of movements

e 9. Spinothalamic Tract: sensory = noxious pain and thermal stimuli, crude (nyers) touch

Descending (leszallg) tracts:

6. Tractus Corticospinalis Cruciatus: the main regulatory tract of motorneurons
7. Tractus Rubrospinalis: conveys information from the cortex and cerebellum mainly to motor neurons
innervating flexor and extensor muscles
8. Tractus Reticulospinalis: controls voluntary movements, muscle tone, central sensory transmission,
regulates respiratory and circulatory activities
10. Tractus Olivospinalis: innervates cervical segments
11. Tractus Corticospinalis Directus: carries motor commands to neurons
12. Tractus Trectospinalis: controls the movements of the head
13. Fasciculus Longitudinalis Medialis: carries information from secondary vestibular neurons to cervical
segments; controls the movements of the head
14. Tractus Vestibulospinalis: mediates cerebellar and vestibular information toward the spinal cord;
exerts facilitatory influence on spinal reflexes and controls muscle tone
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Stretch reflex

Reflex Rapid, involuntary neuronal regulatory action executed in response to sensory stimuli. It ensures
the adaptation of the body to external and internal environments and the continuously changing
challenges. Some reflexes are innate, others are learnt ones. The reflex mechanism structurally is
organized in the reflex arc.

Reflex arc Reflexes are executed via reflex arcs. Each has 5 main structural constituents:

1. receptor: picks up the information from the internal and external environments in forms
of physical and chemical stimuli

2. afferents: sensory nerves that are linked to the receptors and carry the stimulus-evoked
information to the processing center. In case of spinal reflexes, neurons of the
dorsal root ganglia serve the role of afferents by their processes interconnecting
the receptors with the grey matter of the spinal cord

3. center: part of the spinal cord or brainstem that handles, processes the incoming sensory

information

4. efferents: somatomotor or visceromotor nerves that convey the generated adaptive
response to the site of the compensatory action

5. effector: these units execute the regulatory commands

While all sensory information does eventually get sent to the brain for analysis, the advantage of
the reflex arc is that it can process the rapid, protective response directly in the spinal cord,
without the need to wait for instructions from the brain

I_E - @

1. RECEPTOR STRUCTURE
2. AFFERENT NERVE FIBER
3. CNS CENTER

4. EFFERENT NERVE FIBER
5. EFFECTOR STRUCTURE
Stretch reflex A monosynaptic, postural reflex that among others works against the gravity force. It controls

muscle length and muscle tone. Characteristics of the reflex:

1. stimulus: stretching of the muscle

2. receptor: muscle spindle (izomorsd), intrafusal muscle fibers, nuclear bag and nuclear
chain receptors

. afferent path: la and Il type nerve fibers of sensory ganglion cells

. center: spinal cord, ventral horn, somatomotor neurons (alpha type)

. efferent path: axons of alpha motoneurons

. effector structure: extrafusal muscle fibers

o U bW

of the muscle
7. compensatory action: shortening of the muscle

GAMMA MOTONEURON

NERVE FIBERS
SENSORY TYPE la
NERVE FIBERS

NUCLEAR CHAIN
YT YT e MUSCLE FIBER
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Flexor reflex

Flexor reflex Fajdalom érzékelése esetén a végtagot rovidits reflex. The shortening of the limb on 1 side
generally evokes a compensatory mechanism that extends the limb on the other side; therefore,
the reflex is also referred to as flexor-crossed extensor reflex. Other synonym is nociceptive reflex
which refers to the noxious nature of the stimulus.

Features of flexor  stimulus: crude and dangerous stimuli that can destroy the integrity of the affected tissues of the
limb. Noxious pain and thermal stimuli are the triggers.

receptor: heat and pain receptors in the skin

afferent path: thin, myelinated and unmyeleinated axons of pseudounipolar cells of spinal ganglia

center: spinal cord, dorsal and ventral horns, involvement of interneurons

efferent path: axons of alpha motorneurons innervating flexor muscles of the limb ipsilaterally
and axon projections from contralaterally located motorneurons innervating
extensors of the limb on the opposite side to the stimulus

effector structure: extrafusal muscle fibers of the involved muscles

actions: ipsilateral flexion and contralateral extension (azonos oldali hajlitas és ellentétes oldali

feszités)

DEMONSTRATION OF THE FLEXOR AND CROSSED EXTENSOR REFLEX
SPINOTHALAMIC TRACT

SENSORY GANGLION CELL

A3 AND C
SENSORY FIBERS

RIGHT SIDE LEFT SIDE

LEG FLEXORS LEG EXTENSORS

NOXIOUS STIMULUS
APPROXIMATELY 0.2-0.5 SECOND AFTER THE ACTION OF THE NOXIOUS STIMULUS, THE

OPPOSITE LIMB EXTENDS. THIS EXTENSOR MECHANISMS PUSHES AWAY THE BODY FROM THE
DANGEROUS OBJECT CAUSING THE STIMULUS
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Autonomic reflex Modulates the operations of the visceral organs. The organs receive a dual visceromotor
innervations by getting supply from both sympathetic and parasympathetic sources. The CNS
utilizes it for executing modulatory actions in response to incoming visceral stimuli (pain, heat,
pressure).

Features of autonomic reflex
stimulus: change in pressure, alteration of chemical milieu, inflammation related pain and heat, distension of
luminal viscera

receptor: baroreceptor, chemoreceptor, mechanoreceptor, heat receptor

afferent path: processes of pseudo-unipolar cells of spinal ganglia

center: spinal cord and brain stem

efferent path: 1. preganglionic neurons projecting from the intermediolateral nucleus to the peripheral autonomic
ganglia. 2. processes of visceral ganglion cells projecting to the organs

effector structure: cardiac muscle (for heart) and smooth muscle (for other organs)

actions: modulation of visceral functions (pacemaker activity in heart, lumen of blood vessels, smooth muscles of
bronchi, the secretion of glands, peristaltic movement of the Gi tract)

Sensory Transducer
Dorsal Root Ganglion ¥

Effector Organ , " Effector Organ

*Szimpatikus idegrendszer: Hatasdara a szivritmus fokozddik, a b6r és a belek arterioldi 6sszehuzddnak, a vazizmoké

kitagulnak, és a vérnyomas emelkedik. A vér eloszlasa megvaltozik Ggy, hogy csokken a bér és a gyomor-bél rendszer
(gastrointestinalis tractus) vérellatasa, tobb vér kerl az agyba, a szivbe és a vazizmokba. Ehhez tarsul még, hogy a
szimpatikus idegek a pupillakat kitagitjak; gatoljak a horgdbk, a belek és a hdlyag faldnak simaizomzatat; zarjak a
zaroizmokat (sphinctereket). A sz6rszalak folmerednek és verejtékezés indul meg.

*Paraszimpatikus idegrendszer (ha nincs para): Miikodése az energia megérzésére és Ujratermelésére iranyul. A
szivritmus csokken, a pupilldak 6sszeszlikiilnek, a perisztaltika és a mirigyek kivalaszté miikodése fokozddik, a zardizmok
megnyilnak, és a hélyag simaizomzata 6sszehtzodik.
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Brainstem

MESENCEPHALON IV. VENTRICLE

Characteristics Its constituents derive from the rhombencephalon. Important somatic and autonomic centers are
located here. The processing centers of most cranial nerves are within the brainstem.

THE ARTERIAL SUPPLY OF THE BASE OF THE BRAIN

ANTERIOR ANTERIOR CEREBRAL
COMMUNICATING ARTERY
ARTERY

MIDDLE CEREBRAL
ARTERY

POSTERIOR
COMMUNICATING
ARTERY

INTERNAL CAROTID
ARTERY

POSTERIOR CEREBRAL
ARTERY

i‘ BASILAR ARTERY

VERTEBRAL
ARTERY

L)

THE VERTEBRAL AND INTERNAL CAROTID ARTERIES SUPPLY THE BRAIN. THE MAIN BRANCHES ARE
ASSOCIATED WITH THE VENTRAL SURFACE OF THE BRAIN. THE SYSTEMS ARE INTERCONNECTED

VIA THE POSTERIOR COMMUNICATING ARTERIES. THE ANTERIOR CEREBRAL ARTERIES ARE ALSO
INTERCONNECTED BY THE ANTERIOR COMMUNICATING ARTERY. THE ESTABLISHED LOOP IS CALLED,
THE ARTERIAL CIRCLE OF WILLIS
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Cranial nerves exiting the brainstem:

" CN optic chiasm
SR e I ophic tract
trochlear nerve (CN IV)
trigenimal nerve (CN'V)
oculomotor nerve (CN III) - Sercbeliar peduncles
acial nerve (CN VII)

abducens nerve (CN VI)

glossopharyngeal nerve (CN IX)
vagus nerve (CN X)

olive

hypogiesal nerve (CN XID spinal accessory nerve (CN XI)

Brain Stem: Lateral View

The 4™ ventricle

THE BOUNDARIES OF THE IV ™ VENTRICLE

ﬂi THE ROOF THE 4™ VENTRICLE IS
: COMPOSED OF THE SUPERIOR
T F‘ MEDULLARY VELUM, THE INFERIOR
" MEDULLARY VELUM AND THE

| CHOROID PLEXUS OF THE
VENTRICLE. THE FLOOR HAS A
RHOMBOID SHAPE. ITS UPPER PART
IS FORMED BY THE PONS, THE
LOWER HALF IS MADE BY THE OPEN
PART OF THE MEDULLA. THE
DASHED LINE DEMARCATES THE
CLOSED AND OPEN SEGMENTS OF
THE MEDULLA OBLONGATA.
THE CEREBROSPINAL FLUID LEAVES
THE VENTRICULAR SYSTEM
THROUGH OPENINGS OF THE 4™
VENTRICLE
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IIl. VENTRICLE

S 9% : AQUEDUCT
Plexus chorioideus vent. V. - : IV. VENTRICLE

Rhomboid fossa A rhombus-shaped depression (bemélyedés) that is the anterior part of the 4™ ventricle.

Its anterior wall, formed by the back of the pons and the medulla oblongata, constitutes the floor
of the 4™ ventricle.

THE RHOMBOID FOSSA AND ITS STRUCTURES

MEDIAL EMINENCE
FACIAL COLLICULUS
LOCUS CERULEUS
MEDULLARY STRIAE
D. COCHLEAR NUCLEUS
VESTIBULAR AREA

HYPOGLOSSAL TRIGONE
MEDULLA

VAGAL TRIGONE
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COMMUNICATION BETWEEN THE INTRA- AND EXTRACEREBRAL
LIQUOR COMPARTMENTS

4™ VENTRICLE

A. MOULD OF THE CEREBRAL VENTRICLES. 1. AND II. LATERAL VENTRICLES. III. THIRD
VENTRICLE. CA. CEREBRAL AQUEDUCT. IV. FOURTH VENTRICLE.

B. LIQUOR PRODUCED BY THE CHOROID PLEXUS IN THE LATERAL, THIRD AND FOURTH
CEREBRAL VENTRICLES GETS OUT OF THE INTRACEREBRAL COMPARTMENT TO THE

EXTERNAL, SUBARACHNOID SPACE VIA THE MAGENDIE AND LUSCHKA FORAMINA DEPIC-
TED IN FIGURE B

Formatio reticularis = agytorzsi hadlézatos allomany: nem kiilonil el a fehér- és szlirkedllomany. Ez a képlet felel az
ébrenlét, az izomtdnus kialakitasaért
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Cerebellum

Consists of 3 basic constituents: cerebellar cortex, the medullary substance and the deep, intrinsic nuclei. These

VERMIS

Vermis

Vestibulocenbellum{

Flocculus
Nodulus

Cerebellar fissures divide the cerebellum into lobes (anterior, posterior and flocculo-nodular) that contain further
subunits (lobules I-X). The division pertains to both the hemispheres and the vermis.

Phylogenetically it has 3 parts:

1. archicerebellum: this ancient part contains the flocculo-nodular system. It is related to the vestibular system and
concerned with equilibrium. Functionally, it is the vestibulo-cerebellum.
2. paleocerebellum: it consists of the anterior portions of the hemispheres and most of the vermis. It is linked to

spinal cord, also called as spinocerebellum
3. neocerebellum: the remainder of the cerebellum linked to the cerebral cortex. Its synonym is cerebro-
cerebellum

Although the cerebellum receives a large quantity of sensory information, it is not concerned with conscious
perception. The stimuli from the receptors are important regulators of cerebellar mechanisms controlling the automatic
coordination of somatic movement, muscle tone and maintenance of equilibrium. The processed information from the
cerebellar cortex is transmitted to the deep cerebellar nuclei the main relay structures that project to distinct brains
stem and diencephalic nuclei.

Main functions of the cerebellum include the coordination of skilled voluntary movements, the regulation of the muscle

tone and the control of equilibrium
TECTUM

Deep nuclei: the incoming afferent axons give excitatory collaterals to the deep SUPERIOR PEDUNCLE
nuclei. They receive the heaviest innervation from the Purkinje cells. The
cortical input to the deep nuclei is inhibitory, utilizing GABA for

— MIDDLE PEDUNCLE
neurotransmission.

The cerebellum is tightly bound to the brainstem via the cerebellar peduncles.

There are 3 pairs of them. The superior peduncle is mainly composed of efferent

HEMISPHERIUM
fibers projecting to the thalamus and the red nucleus of the midbrain. The
middle peduncle is the thickest. It connects the cerebellum to the pons. It
carries axons from the contralateral pontine nuclei that mainly receive cerebral ‘ INFERIOR PEDUNCLE
cortical afferents. The inferior peduncle establishes communication with the ‘\
spinal cord and structures located in the caudal part of the brainstem. 4" VENTRICLE

MEDULLA
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Caudate
nucleus

3 layers:

Thalamus

Internal capsule

_~ Superior
1% Middle
|}~ Inferior

}

sapunpad
1e[[2qa13D)

Interposed nuclei

Fastigial nucleus
Dentate nucleus

e molecular layer: poor in cells, but densely innervated by axon bundles
e Purkinje cell layer: contains the cell bodies of Purkinje cells

e granule cell layer: packed by small sized neurons

RpPNu
repaqa1ad daag

The cerebellar cortex converts the excitatory information into inhibitory signals transmitted by the axons of Purkinje

cells mainly to deep cerebellar nuclei.

Fibers:
MAIN CONSTITUENTS OF THE CEREBELLAR MACHINERY
PURKINIJE CELL V
DENDRITIC

PARALLEL

bt FIBER /

|

GRANULE CELL
AXON

PURKINJE CELL
PERIKARYON
GRANULE CELL
PERIKARYON
PURKINJE CELL

AXON -~

GRANULE CELL

DENDRITE

)&

BASKET CELL

MOSSY FIBER

Climbing fibers arising from the inferior olive of the medulla wrap around the
dendrites of the Purkinje cell establishing multiple synaptic contacts.

BASKET CELL

PURKINJE CELL

Parallel fibers are axons of granule cells that synapse with the spine of Purkinje cell
dendrites. A single Purkinje neuron communicates with ~70.000 parallel fibers.

Basket cells — located in the molecular layer — innervate Purkinje cells by forming a
dense terminal field at the axon hillock. They generate the collateral inhibition.

PARALLEL FIBERS /
/

@

o

)

GRANULE
CELLS

Glomerulus

Mossy fiber
terminal

Golgi cell axon Granule cell

dendrite

Mossy fiber
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PARALLEL
FIBERS

NEURONAL INPUTS TO GRANULE CELLS
PARALLEL FIBERS FORM EN PASSANT TYPE SY-
/

PURKINJE
CELL

GRANULE
€ELL
PERIKARYON

v

L)

NAPSES WITH DENDRITIC SPINES OF PURKINJE
CELLS (ENFRAMED IN BLUE). SYNONYM TERM:

AXON

|
—
GRANULE CELL{  CROSS OVER SYNAPSE

MOSSY FIBERS COMMUNICATE WITH DEND-
RITES OF GRANULE CELLS. THE AXO-DEND-
RITIC SYNAPSES ARE CONTROLLED BY AX-
ONS OF GOLGI NEURONS. THE COMPLEX
SYNAPTIC STRUCTURE IS CALLED: CEREBEL-
LAR GLOMERULUS (ENFRAMED IN RED)

GRANULE CELL
DENDRITE
T MOSSY FIBERS MOSSY FIBERS »

The input comes from the climbing and the mossy fibers; the output goes to the deep cerebellar nuclei through the
Purkinje cell axon.

JelentGség:

corticopontine

fibers

to thalamus and red nucleus

superior cerebellar
peduncle

cerebellum

dentate
interposed

1asiigie

gial

L= ZMmIMmm-m

inferior cerebellar
peduncle

climbing fibers proprioceptive
from inferio% olive information from
spinocerebellar tract
(mossy fibers)
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Cranial nerves

12 pairs with sensory, motor and autonomic functions. The olfactory (1) and optic (Il) nerves are associated with
prosencephalic derivatives, the rest belongs to the brainstem.

Sensory function: I, II, VIl — they

1. OLFACTORY NERVE ..

modulate smell, vision, balance and
2. OPTIC NERVE .

hearing.
3. OCULOMOTOR NERVE
4. TROCHLEAR NERVE Motor function: I, IV, VI, XI, XIl — they
5. TRIGEMINAL NERVE enable eye movements, movement of
6. ABDUCENT NERVE the shoulder girdle (vallov), swallowing
7. FACIAL NERVE and speech.
8. VESTIBULOCOCHLEAR NERVE
9 GLOSSOPHARYNGEAL NERVE Mixed functions: V, VII, IX, X. Trigeminal
10. VAGUS NERVE (V) controls many sensory processes
11. ACCESSORY NERVE from the head region and regulates the
12. HYPOGLOSSAL NERVE muscles of mastication.

Dominant parasympathetic components: lll, VII, IX, X. The vagus nerve (X) provides parasympathetic control of the body
including the regulation of the lungs and the heart.

Frontal sinus
Olfactory bulb
Anterior ethmoidal nerve

Olfactory bulb
Olfsctory tract
Lateral olfactorystria

Medial olfactory stris

Septal olfactory nerves

Internal nasal branches of
snteriorethmoidal nerve

Pterygopalatine ganglion Amygdaloid body —
(in pterygoid canal) Pyriformares STl
Nasal Septum _ I E;'s::i':"‘::: S ‘%‘
! AN B W
Nasopalatine nerves ° aﬁ;‘;z Va-:{. ‘oﬁa;:?,
=\ 25 /
Greater palatine nerve v {ﬁ )
Lesser palatine nerve Spinal cord (sectioned) S e |
Cerebellar vermis \~\ — 1

Cerebellum

I1.

Optic nerve

—_— Optic chiasm

Primary visual cortex
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Functions of parasympathetic cranial nerves

e Il. oculomotor: constricts pupil, lens accommodation (pupillasz(ikités, lencse alkalmazkodas)
e VIl facial: lacrimation (kdnnyezés), nasal gland secretion, salivation (nyalképzés)
e IX. glossopharyngeal: salivation

e X.vagus: gland secretion, peristalsis

Cornea

Iris Fone ﬁ
Ganglia (inferior

and superior) \
Superior ciliary artery  paquia — PN

oblongata / I
Superior oblique muscle Vagus nerve (X)

Lacrimal artery
Frontal nerve

Jugular foramen

Supratrochlear nerve Pharyngeal nerve branches

Carotid sinus
and body

Posterior cihary arteries Laryngeal branches

Ophthalmic artery Lung

Superior rectus muscle Heart

Lateral rectus muscle

Orbital fat pad

Spleen

L Ophthalmic nerve
\ Liver

Gallbladder
Stomach

Kidney

Small intestine
Levator palpebrae sup. muscle

Colen
Trochlear nerve (proxirmal portion)
Annular tendon
Maxillary nerve
Optic nerve
Mandibular nerve

39



Diencephalon

Develops from the prosencephalic vesicle, its cavity is the 3™ cerebral ventricle. With the exception of its ventral (hasi)
part, it is covered by telencephalic structures.
Major constituents: thalamus, hypothalamus, metathalamus, epithalamus, subthalamus and the 3 ventricle.

Thalamic structures are in reciprocal connection with the cerebral cortex, communicate with major motor and sensory
systems and they are linked to the limbic system. The Hypothalamus controls autonomic centers and via the pituitary it
orchestrates the performance of the endocrine system. It secretes a wide scale of hormones into the systemic and
portal circulation.

Parcellation:

1. eliils6 lemez
1. COMMISSURA ANTERIOR 2. a 3. agykamra eliilsé fala
2. LAMINATERMINALIS 3. latdideg-keresztez6dés
3. CHIASMAOPTICUM 4. a 3. agykamra fenekének
U PR lefelé boltosulasa
5. CORPUS MAMILLARE 5 emlétest
6. SULCUS HYPOTHALAMICUS g _hipotalamusz-barzda
7. THALAMUS 7. thalamus
8. EPITHALAMUS 8. epithalamus

THE PICTURE DEPICTS THE DIENCEPHALON IN THE MID-SAGITTAL PLANE. THE
THALAMUS IS HIGHLIGHTED IN RED, THE HYPOTHALAMUS IN GREEN COLOR

Harmadik agykamra: rés a kétoldali talamusz kozott. EI6| a paros oldalkamrakkal all 6sszekottetésben a Monro-féle
nyilasok kdzvetitésével, hatul az (aqueductus cerebri) a negyedik agykamraval kéti 6ssze. Uregét ependyma béleli. Az
ellilsé falat egy vékony sziirkeallomany réteg, a hatarlemez (lamina terminalis) alkotja. A hatsé fal a Sylvius-féle csatorna
(aqueductus cerebri) benyildsa. Az oldalsé falat feliil a talamusz, alul a hipothalamusz medialis felszine képezi, Ezt a két
részt egy bardzda (sulcus hypothalmicus) valasztja el egymastdl. A kamra felsé falat egy ependyma réteg alkotja, amely
folott a pia mater kétrétegli lemeze taldlhatd. Az utébbiban futé artéridk a kozépsik mindkét oldaldn egy-egy sagittalis
csikban betliremitik az ependymalis réteget, és kialakitjak a harmadik agykamra érfonatat plexus choroideus ventriculi
tertii, amely agy-gerincvelG6i folyadékot (liquor cerebrospinalis) termel. A felsé falban futnak a belsé agyi vénak. Az
agykamra felsé fala fellilrél a boltozattal (fornix) és a kérges testtel (corpus callosum) érintkezik. Az also falat (aljzatot) a
latoidegkeresztez6dés (chiasma opticum), a télcsér (infundibulum), és az emlStestek (corpus mammillare) alkotjak. Az
agyalapi mirigy (hypophysis cerebri) a tolcsér alsé végéhez kapcsolddik

Talamusz: A harmadik agykamra 2 oldalan elhelyezkedé ovoid szlirkedllomany-témeg. Fogadja a f6 érzépdlydkat (a
szaglopalya kivételével), és atkapcsolja Gket az agykéreg megfelel kozpontjai felé. Sziirke dllomanyat egy
fehérdllomdanybdl allé Y alaku fliggbleges lemez hdrom f6 részre osztja. A lemezt olyan idegrostok kotegei alkotjak,
amelyek talamusz magvakat kotnek dssze. A talamusz mind a harom része talamusz magokat: idegsejt-csoportokat
tartalmaz. Ezek neuronjain térténik meg a palyak atkapcsolddasa.
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SCHEMATIC DEMONSTRATION OF THE MAIN DIENCEPHALIC UNITS

CORONALSEGMENT POSTERIOR VIEW

UPPER VIEW

THALAMUS

. HYPOTHALAMUS

. II. VENTRICLE
METATHALAMUS
EPITHALAMUS

Hypothamaic nuclei:

SCHEME OF HYPOTHALAMIC NUCLEI IN MID-SAGITTAL SECTION

PARAVENTRICULAR " % HYPOTHALAMUS
NUCLEUS 4
DORSOMEDIAL

NUCLEUS

VENTROMEDIAL
SUPRACHIASMATIC NUCLEUS
NUCLEUS
MAMILLARY

NUCLEI

INFUNDIBULAR

SUPRAOPTIC NUCLEUS

NUCLEUS

Hipotalamusz: kontrolldlja az autondm és az endokrin
rendszer m(ikbdését, alapvets szerepe van a

homeosztazis fenntartasaban. Kozremdkodik a
testhémérséklet szabalyozasaban, a testfolyadék ok
viszonylagosan allando 6sszetételének biztositasaban, a

taplalék- és vizfelvétel elGsegitésében, a szexudlis
viselkedés és az érzelmi élet alakitasaban.

Szubtalamusz: szerep az izomaktivitas kontrolljaban

Epitalamusz: a tobozmirigy szardban talalhaté mag.

Parvicellular neurosecretory system:
parvicelluar neurons secret releasing
(LHRH, CRH, TRH, GHRH) and release-
inhibiting (SRIF) hormones into the
portal circulation. The hormones
control the troph hormone output of
different anterior pituitary gland cells.
The system regulates reproduction,
stress, adaptation, body growth and
metabolism.

Sajatos funkcidja a neuroszekrécio: az egyik nagy sejtes magja (paraventricular nucleus) az antidiuretikus hormont
(ADH) termeli, mig a masik (supraoptic nucleus) az oxitocint. EI6bbi anyag a vesékben a viz visszaszivédasat fokozza (és
vérnyomasemel6 hatasa is van), az utdbbi a méhizomzat 6sszehlizodasat és a tejelé eml6 tejkilritését segiti els.
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PROSENCEPHALIC =
VESICLE

MESENCEPHALIC |
VESICLE

RHOMBENCEPHALI(
VESICLE

Telencephalon

CEREBRAL CORTEX
BASAL GANGLIA
LIMBIC SYSTEM

]

-
- I

THALAMILUS
HYPOTHALAMUS
RETINA

The telencephalon and the diencephalon
derive from the prosencephalic vesicle. The
telencephalic vesicles grow laterally and
rostro-caudally. Gradually they cover and
hide most of the diencephalon and the
rostral part of the brain stem. The cerebral
cortex, the basal ganglia and constituents of

the limbic system derive from them

SCHEME OF THE MEDIAN SAGITTAL BRAIN SURFACE

Functions of the frontal cortex:

1. FRONTALLOBE

2. GYRUS CINGULI

3. CORPUS CALLOSUM
4. SEPTUM PELLUCIDUM
5. PARIETALLOBE

6. OCCIPITALLOBE

7. TEMPORALLOBE

attention, behavior, problem solving, emotion, intellect, judgment;
coordinated movements, generalized mass movements, muscle movements,
skilled movements, sense of smell, physical reaction, sexual urges
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ASSOCIATION OF SPECIFIC FUNCTIONS WITH CORTICAL AREAS

o
s
© St
X iomatosensory
Frontal - g Speact association
association = area. W
area 4
W ) Readm_g‘;q ‘
>y \r
4 1/ ! X
¢ W Visual 3

il 4 -
“ Auditory .
association b4

MOST NEURONAL FUNCTIONS OF THE BODY ARE REPRESENTED IN THE CEREBRAL
CORTEX. COLOR CODED ARE THE PRIMARY MOTOR CENTRE IN THE FRONTAL, THE
PRIMARY SOMATOSENSORY CENTER IN THE PARIETAL, THEVISUAL CENTER IN THE
OCCIPITALAND THE HEARING CENTER IN THE TEMPORAL LOBE. THE SENSORY,
WERNICKE (W) AND THE MOTOR, BROCA (B) SPEECH FIELDS AREALSO INDICATED

Broca’s aphasia

Wernicke’s aphasia

Basal ganglia

Corpus striatum

Nucleus caudatus

Nucleus lentiformis

Corpus
amygdaloideum

Internal capsule:

Caudate
nucleus

Levelsof fA————==————
SBCHONS. | B i i i v o

______ e

Broca beszédzavar: a sériilt megérti a nyelvet, de 6 maga nem tud helyesen szavakat formalni:
beszéde lassu és egybefolyd.

Wernicke beszédzavar: a sériilt nem érti a beszédet; tisztan, kivehetéen képes beszélni, azonban a
szavak egymasutdnja értelmetlen (sz6-salata).

Torzsducok. Mindkét oldali agyféltekében megtalalhatd, sziirkedllomanybdl allé tomoriilések. Az
agykéreg befolyasolasan keresztiil kontrollaljak az izmok mozgasat.
Ezek: corpus striatum (csikolt test), corpus amygdaloideum (mandulamag).

A talamusztdl laterdlisan elhelyezked6 torzsduc, melyet a capsula interna (fontos palyakat
tartalmazo fehérallomany-lemez) oszt két részre: a nucleus caudatusra (farkas mag) és a nucleus
lentiformisra (lencsemag)

Nagy, C-alaku szlirkeallomany-tdomoriilés, mely a talamusztdl oldalra helyezkedik el, az oldalsé
agykamra hatdrolasaban vesz részt, annak gorbiiletét koveti. Feji, testi és farki része van. A
farokrész el6l, a mandulamagban végzédik.

Az agyfélteke fehérdllomanyaba mélyen bedgyazott, szlirkedllomanybdl all6 képlet.

A limbikus rendszer része, a haldntéklebenyben elhelyezked6 térzsduc. Befolydsolni tudja a
szervezetnek a kdrnyezeti valtozasokra bekovetkez6 valaszreakcidit. Félelem hatasara pl. meg
tudja valtoztatni a szivritmust, a vérnyomast, a bérszint és a légzésszamot.

Cleft for internal capsule

Lentiform nucleus —— P S~ Pulvinar
4

(globus palfidus medial
to putamen)

Medial geniculate body
Lateral geniculate body

o /‘ .
Amygdaloid body —— \TaiE of caudate nucleus

Schematic illustration showing interrelationship of thalamus, lentiform
nucleus, caudate nucleus and amygdaloid body (viewed from side)
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Thalamus

Putamen Nucleus caudatus

(achlersie gedeelte)

Nucleus caudatus

{voorste gedeelte)

Globus pallidus Amygdala

Anterior nucleus of thalamus Interthalamic adhesion
Fornix
Stria terminalis

Stria medullaris
Cingulate gyrus Habenula

Interventricular foramen

Anterior commissure

Indusium griseum
Corpus callosum
Septum pellucidum
Precommissural fornix
Septal nuclei
Subcallosal area

Paraterminal th\\ T

Hypothalamus ~xx — ——

LA

Lamina

terminalis -

bulb

Olfact . fract
TOMYN tnodial st
lateral stria

Anterior perforated
substance

Optic chiasm
Postcommissural fornix

Mammillary body and
mammillothalamic tract

Medial forebrain bundle

Amygdaloid body
(nuclei)

Interpeduncular nucleus
Uncus

Calcarine
sulcus (fissure)

Gyrus fasciolaris
Dentate gyrus

Fimbria of hippocampus
Hippocampus

Parahippocampal gyrus N “
A

Descending connections to reticular
and tegmental nuclel of brainstem
Fasclculus retrofiexus (dorsal longitudinal fasciculus) L L
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Limbic system

COMPONENTS IN
THE DIENCEPHALON

Anterior group of
thalamic nuclei

Hypothalamus
Mamillary body

Cerebral cortex

Consists of the limbic lobe, hippocampal formation, amygdaloid body and their widespread
connections. It arises from the transition zone between the diencephalic and telencephalic
vesicle. It is associated with learning, memory, emotions and regulation of homeostasis.

The Limbic System

Forfiie Pineal gland

Corpus callosum

COMPONENTS IN
THE CEREBRUM

Cingulate gyrus

Parahippocampal
gyrus

Hippocampus

Amygdaloid body

OUTLINE OF THE LIMBIC SYSTEM

Thalamus
Hypothalamus ’

Hippocampus

Consists of the hippocampal formation (archicortex), olfactory areas (paleocortex) and neocortex.
It is built up by principal and pyramidal neurons, inhibitory interneurons and glial cells. The
incoming subcortical and cortical afferents transfer the information to interneurons that relay it
further to principal cells.
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Neocortex Comprised of 6 superimposed layers:

1. MOLECULAR LAYER

2. EXTERNAL GRANULAR LAYER

3. EXTERNAL PYRAMIDAL LAYER

4. INTERNAL GRANULE LAYER

5. INTERNAL PYRAMIDAL LAYER

n

6. MULTIFORM LAYER

Pyramid neuron:
DENDRITIC TREE

APICAL DENDRITE

CELL BODY

BASAL DENDRITES
AXON

AXON
COLLATERAL

Cortical column

FIBERS

NEURONS

A neokortex egysége. ~300um wide and has the height of the cortex (2.5-3 mm). Each hosts about

5000 neurons. The outflow from the column is executed by axons of pyramid cells. Layer Il cells

project to cortical regions as associative and commissural fibers, while the large betz pyramidal

neurons of layer V establish the descending connections.

DIFFERENT FUNCTIONAL OUTPUTS OF CORTICAL MODULES OF
DIFFERENT BRAIN REGIONS

CORTICAL AREA
PREFRONTAL CORTEX
MOTOR ASSOCIATION CORTEX
PRIMARY MOTOR CORTEX
PRIMARY SOMATOSENSORY CORTEX
SENSORY ASSOCIATION AREA
VISUAL ASSOCIATION AREA
VISUAL CORTEX
WERNICKE'S AREA
AUDITORY ASSOCIATION AREA

AUDITORY CORTEX

MOTOR SPEECH CENTER
(BROCA'S AREA)

FUNCTION
PROBLEM SOLVING, EMOTION, COMPLEX THOUGHT
COORDINATION OF COMPLEX MOVEMENT
INITIATION OF VOLUNTARY MOVEMENT
RECEIVES TACTILE INFORMATION FROM THE BODY
PROCESSING OF MULTISENSORY INFORMATION
COMPLEX PROCESSING OF VISUAL INFORMATION
DETECTION OF SIMPLE VISUAL STIMULI
LANGUAGE COMPREHENSION
COMPLEX PROCESSING OF AUDITORY INFORMATION

DETECTION OF SOUND QUALITY (LOUDNESS, TONE)

SPEECH PRODUCTION AND ARTICULATION
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Sensory systems

From most parts of the body, two general sensory systems carry the information from receptors to higher processing
centers, the spinothalamic system and the medial lemniscus system. From the head region, the trigeminal and dorsal
trigeminal tracts forward the sensory information to the thalamus. The systems are crossed and multisynaptic in nature.
They are linked to the sensory nuclei of the thalamus, especially the ventral postero-medial and ventral postero-lateral
nuclei. The major processing site of general sensory information is in the primary somatosensory cortex located in the
postcentral gyrus of the parietal lobe (Brodmann areas 3, 2, 1).

1. The medial lemniscus system
a) Origin - first order neurons

Fasciculus gracilis Thick myelinated fibers from S, L, T6-12 segments. \
origin: spinal ganglia
termination: nucleus gracilis in medulla

function: sensory: light touch, vibration, 2-point discrimination, position sense origin of the
medial lemniscus
Fasciculus cuneatus Thick myelinated fibers from T1-6 and all C segments.

origin: spinal ganglia
termination: nucleus cuneatus in medulla
function: sensory: light touch, vibration, 2-point discrimination, position sense |

system

b) Decussation — second order neurons

The axons of the first order neurons terminate on second order neurons residing in nucleus gracilis and nucleus
cuneatus. The ascending, crossed tract originating from them is the medial lemniscus, projecting to the thalamus.

THE MEDIAL LEMNISCUS SYSTEM AT THE LEVEL OF ITS DECUSSATION

MEDIAL LEMNISCUS

N. GRACILIS
N. CUNEATUS

FIBRAE ARCUATAE

DECUSSATIO LEMNISCORUM

¢) Termination — third order neurons

The ascending medial lemniscus terminates in the ventral i~ {
posterolateral nucleus of the thalamus. Cells of this nucleus j
serve as third order neurons and project to the primary :
somatosensory cortex in the parietal lobe (fali lebeny).
From the head region, light touch, vibration, 2-point discrimination
senses are processed by the principle sensory nucleus of the
trigeminal nerve located in the pons. The projection from this
nucleus terminates in the ventral posteromedial nucleus

of the thalamus. fasciculus cuneatus -

sensory
decussation

nucleus cuneatus
nucleus gracilis

FIRST ORDER

NEURONS

posterior
nerve roots




2. The spinothalamic tract
a) Origin

Spinothalamic tract origin: contralateral grey matter, laminae I, IV and V
termination: thalamus
function: sensory — noxious pain and thermal stimuli, crude touch

COURSE OF THE SPINOTHALAMIC AND TRIGEMINAL TRACTS

ORIGIN AND INITIAL COURSE OF THE SPINOTHALAMIC TRACT S/ 2
FIRST ORDER €y 1
NEURON IN A R

SPINAI by |
GANGLIA

SPINOTHALAMIC TRACT
(EDINGER TRACT)

... —

SECOND ORDE
NEURON IN SP

GREY MATTER

SECOND
ORDER
NEURON

N—=ZT PO 0Z2Z—9vn

Somesthetic cortex
{postcentral gyrus
parietal lobe}

Somesthetic cortex ~y‘(y j
{postcentral gyrus
parietal iobe)

Thalamus, nucleus - V7E

s : Thalamus, nucleus
ventralis posterior

ventralis posterior

Medial lemniscus —— LaftiS G Trigeminal
Spinal '
Medulio-cervical junction———--“a

dorsal column

Cervical cord

Cervical cord ———-—eeeeeeaeae
(lateral column}

ERmBarcord ssemesaaae

Lumbar cord
umba ({lateral column)

THE MEDIAL LEMNISCUS SYSTEM THE SPINOTHALAMIC SYSTEM
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SOMATIC SENSATIONS TRANSMITTED BY THE TWO SENSORY SYSTEMS

MEDIAL LEMNISCUS SPINOTHALAMIC

TOUCH SENSATIONS WITH HIGH DEGREE OF

LOCALIZATION OF THE STIMULUS AR
TOUCH SENSATIONS REQUIRING
TRANSMISSION OF FINE GRADIENTS OF CRUDE TOUCH AND PRESSURE SENSATIONS

INTENSITY

SENSATIONS THAT SIGNAL MOVEMENT THERMAL SENSATIONS (COLD, WARM)

OCCURES AGAINST THE SKIN
PHASIC SENSATION (VIBRATION) SEXUAL SENSATIONS
POSITION SENSATIONS TICKLE SENSATION
PRESSURE SENSATIONS, FINE DEGREES OF
JUDGMENT OF PRESSURE INTENSITY TTCH SENRAtON
Pain gate theory The projecting neurons carrying tissue damage/pain-related information to higher processing

sensory centers are controlled locally in the grey matter. By incoming information of non-noxious
stimuli, these arrive from the segmental level via thick, myelinated fibers of mechanoreceptors
and also tracts descending from the brain stem. Opening of the pain gate and pain threshold level
seem to depend on the actual balance of information supplied by these, multiple systems.

DESCENDING
PATHWAYS

FROM BRAIN - GATI NG

STEM

SPINOTHALAMIC

| PATHWAY

PROJECTING
NEURON

49



Motor systems

Extrafusal striated muscle fibers and alpha motoneurons that innervate them form the motor unit. The somato-
motoneurons are distributed in the brain stem and the spinal cord. Collectively, they are called as lower motoneurons.

Lower motoneurons are controlled by upper motoneurons. The term refers to descending pathways (corticospinal,
rubrospinal, tectospinal, vestibulospinal, reticulospinal tracts) that regulate the lower motoneurons either by a direct or
an interneuron-mediated manner.

The main motor systems include the motor cortex, the cerebellar machinery and the basal ganglia. The latter two

systems are channeled to the frontal motor cortex via the ventral lateral nucleus of the thalamus.

The main cortical motor system uses the corticobulbar and corticospinal tracts for execution of voluntary movements.
Lesion (karosodas) of the upper motor neuron pathways results in spastic paralysis (gorcsos bénulas), exaggerated
(tulzott) stretch reflex and some abnormal reflexes. Cerebellar disorders change the rate, direction, range and force of
movements. Lesions of the basal ganglia are manifested in dyskinesia. (A torzsducok karosodasa mozgasi zavarban

mutatkozik meg.) PRECENTRAL GYRUS

Motor cortex The precentral gyrus contains it. It contains the primary ‘
motor center, the supplementary motor cortex, the v
. . . SUPPLEMETARY s
prefrontal motor cortex and certain parietal lobe regions. MOTOR CORTEX

Corticobulbar tract The descending corticobulbar motor fibers supply
motoneurons of the brainstem.

Corticospinal tract  The corticospinal projection that splits at the level of the medulla feeds the lower motoneurons of
the spinal cord via the lateral and anterior corticospinal tracts. Note the bilateral innervation of
the trigeminal motor nucleus in the pons. The crossing of the majority of corticospinal axons in
the medulla is highlighted by pink shadow.

COURSE OF THE DESCENDING PYRAMIDAL PATHWAY

INTERNAL MIDBRAIN
CAPSULE

PONS MEDULLA
MEDULLA

AT CROSSING SPINAL CORD

SITE
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CORTICOSPINAL PROJECTION WITHIN THE INTERNAL CAPSULE

ANTERIOR
THALAMIC
PROJECTION

PYRAMIDAL
TRACT

POSTERIOR
THALAMIC
PROJECTION

OPTIC
RADIATION

FIGURE A DEPICTS THE DOWNSTREAM COURSE OF CORTICOSPINAL FIBERS. NOTE
THE CONVERGENCE (HIGHLIGHTED IN GREEN) TOWARD THE INTERNAL CAPSULE.
FIGURE B ILLUSTRATES THE PYRAMIDAL TRACT IN THE GENU OF THE CAPSULE
WEDGED BETWEEN THE ANTERIOR AND POSTERIOR THALAMIC PROJECTIONS. THE
OPTIC RADIATION IS SHOWN IN GREEN

NEURONAL LINKS AND LOCAL CIRCUITS OF THE STRIATUM

THE 1/ 1AM N PART OF THE CAUDATE NUCLEUS
RECEIVES INFORMATION FROM THE THALAMUS,
CEREBRAL CORTEX, MESENCEPHALON AND

. GLUTAMATE INPUTS FROM
THE THALAMUS AND CORTEX ARE EXCITATORY,
THE DOPAMINE INNERVATION FROM THE SUBS-
TANTIA NIGRA IS SUPPOSED TO BE INHIBITORY.
THE INPUTS ARE RECEIVED BY SPINY ENKE-
PHALIN- AND SUBSTANCE P-ERGIC NEURONS.
THEY TRANSMIT THE PROCESSED INFORMATION
TO THE GLOBUS PALLIDUS (PALLIDUM) THAT IS
THE MAIN EFFERENT STRUCTURE OF THE
SYSTEM. IT SENDS PROJECTIONS TO THE
:SUBSTANTLA NIGRAAND DIFFERENT NUCLEI OF

The information processed in the striatum is transmitted to the cerebral cortex. The cortex incorporates (egyesiti) the
striatal message and conveys (atad) the outgoing motor information via the corticospinal tract.
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ROLE OF CEREBELLUM IN CONTROL OF MOVEMENT

A. GLOBOSE NUCLEUS
4 B. FASTIGIAL NUCLEUS 1. CEREBRAL CORTEX

~ C. DENTATE NUCLEUS 2. PONTINE NUCLEI
- — 3. INFERIOR OLIVE
4. THALAMUS (VL)

5. RED NUCLEUS

) ————F>A ) 6. RETICULAR FORMATION
o 4 0 7. VESTIBULAR NUCLEI
_4 o 8. VESTIBULAR GANGLION
. 9. VESTIBULOCEREBELLUM

10. SPINOCEREBELLUM
11. CEREBROCEREBELLUM

I. CORTICOSPINAL
II. RUBROSPINAL

- III. RETICULOSPINAL

| IV. VESTIBULOSPINAL

INTEGRATION OF THE DIFFERENT MOTOR SYSTEMS

STRIATUM PALLIDUM

l

VESTIBULAR [ LOWER '
NUCLEI MOTONEURON w=p| MUSCLE

SPINAL CORD
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Hippocampal formation
(Hippokampalis rendszer)

Hippocampal Part of the limbic system. It is composed of the dentate gyrus (fogazott tekervény) and the
formation hippocampus (cornu ammonis). The complex structure belongs to the allocortex.

Afferents arrive via the perforant and alvear paths, efferent fiber projections leave the temporal
lobe via the fornix system. It gives rise to both associative and commissural efferents. The
hippocampus via the limbic connections is linked with multiple brain networks.

Information conveyed by the perforant path is processed in a trisynaptic intrinsic (belsd) circuit
within the hippocampal formation.

Fornix A C-shaped bundle of nerve fibers in the brain that carries signals from the hippocampus to the
mammillary bodies and then to the anterior nuclei of thalamus. It is part of the limbic system.

DEVELOPMENT OF THE HIPPOCAMPAL FORMATION

- TEMPORAL ‘

LOBE

' HIPPOCAMPUS
4 ANT. PILLARS
© j OF FORNIX

UNCUS

HIFFOCAMPUS

B. CORONAL SECTION THROUGH THE HUMAN HIPPOCAM-
PAL FORMATION. THE ENTORHINAL CORTEX (1) SHOWS A
GRADUAL STRUCTURAL TRANSITION TOWARD THE SUBI-

A. CORONAL RADIOLOGICAL PICTURE | CULUM ( 2). THE HIPPOCAMPUS (3) WITH ITS 3 LAYERS IS
DEPICTS THE BRAIN IN S/TU. IN THE " APPARENT. NOTE AS THE HIPPOCAMPUS INVADES THE
TEMPORAL LOBE (GREEN HIGHLIGHT), 88 nhENTATE GYRUS (4) THROUGH ITS HILUS. THE IMPORTANT
i e it g 11 HIPPOCAMPAL FISSURE (5) IS HIGHLIGHTED IN BLUE. A
ARS (ENFRAMED). LENTIFORM NUCLE- 2 ) : 2

S BN B IR NEIGHBORING LANDMARK IS THE CHOROID FISSURE (6)
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AFFERENT AND EFFERENT CONNECTIONS OF THE HIPPOCAMPUS

o | §,>

EXTRINGIC
e AFFERENTS

MAIN AFFERENT INPUTS ARRIVE FROM ENTORHINAL CORTEX VIA THE PERFORANT
AND ALVEAR PATHS. EFFERENTS ARE SENT TO THE SOURCES OF AFFERENT INPUTS.
THE FORNIX IS THE MAIN PROJECTING EFFERENT SYSTEM TO THE SEPTUM,
SUBSTANTIA INNOMINATA, ANTERIOR HYPOTHALAMUS AND THE MAMMILLARY
BODY

Dentate gyrus It involves the molecular layer, the granule cell layer and the hilus (bemélyedés, nyilas). In its
subgranular zone adult neurogenesis occurs.

HISTOLOGICAL AND CHEMICAL DISSECTION OF THE DENTATE GYRUS

Nature Reviews Neuroscience 7, 259-268, 2006

I GRANULE CELLS

CELLS =
MOLECULAR LAYER

GRANULE CELL LAYER

| HILUS
MOSSY FIBERS /
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Hippocampus Divided into 3 sectors: CA1 (Sommer’s sector), CA2 and CA3. There are 3 architectural layers in
the hippocampus: the molecular, the pyramidal and the polymorphic (oriens) layers. It has a

pivotal role in long term memory and spatial navigation. It is vulnerable to hypoxia, excitotoxins
and amyloid.

MACROSCOPIC PROPERTIES OF THE HIPPOCAMPUS

FOR A FIRST IMPRESSION, THE SUPERIOR
VIEW OF A HORIZONTALLY SLICED BRAIN
IS USEFUL. THE HIPPX USISAC-
SHAPED, PAIRED STRUCTURE LOCATED IN
THE TEMPORAL LOBE. ANTERIOR TO IT IS
THE AMYGDALA, IN DORSAL DIRECTION
THE LENTIFORM NUCLEUS IS A CLOSE
NEIGHBOR. THE STRUCTURE PROTRUDES
INTO THE INFERIOR HORN OF THE LATERAL
VENTRICLE. ITS EFFERENT AND AFFERENT
PATHS FORM THE FORNIX. IT BEGINS AS A
THIN CRUS, CONTINUES AS CORPUS AND
TERMINATES AS COLUMN SPLITTING INTO
PRE- AND POST-COMMIS-SURAL
COMPONENTS THAT TERMINATE IN THE

1. LATERAL VENTRICLE SEPTUM AND HYPOTHALAMUS. FIBERS
| 2. HIPPOCAMPUS INTERCONNECTING THE TWO HIPPOCAM-
3. FORNIEX PAL STRUCTURES FORM DAVE’S LYRE

; 4. COMMISSURA FORNICIS

&7

HIPPOCAMPUS REVEALED BY GOLGI IMPREGNATION

A CORONAL SLICE (B) CUT FROM THE HIPPO-
CAMPUS (A) WAS IMPREGNATED BY THE
GOLGI TECHNIQUE. IT VISUALIZES THE
CELLULAR CONSTITUENTS INCLUDING THE
PYRAMIDAL NEURONS (C). THE DRAWING (D)
OF C. GOLGI MADE ABOUT HIS PREPARATION
REVEALS THE PYRAMIDAL LAYER OF THE
HIPPOCAMPUS (1), THE ENTORHINAL CORTEX
(2) AND THE DENTATE GYRUS (3)
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Principal, pyramidal neurons and inhibitory interneurons, such as O-LM cells, basket cells and
bistratified cells occupy the main layers of the hippocampus.

LAYERS AND CELL TYPES OF THE HIPPOCAMPUS

PYRAMIDAL O-LM CELL BASKET CELI BISTRATIFIED
NEURON CELI

STR. LACUNOSUM-
MOLECULARE

STR. RADIATUM

STR. PYRAMIDALE

Connection between the hippocampus and the limbic system

The main limbic structures are highly integrated with each other. A prominent formation is the circuit (ring) of papez. It
involves the connections and projections of the hippocampal formation with emphasis on the link with the mammillary
body. This nucleus projects via the thalamus to the cingulate cortex that is known to feed back to entorhinal cortex. A
descending unit is called the mamillotegmental fasciculus oriented mainly to the raphe nuclei and the reticular
formation.

cingulate gyrus stria terminalis

antenor thalamic nuciel - s b - fornix

septal nuclel ~ ’ . stria medullars thalami

nucleus accumbens - T o - habenula

antenor commissure 2 . - habenulointerpeduncular tract
preoplc area > j interpeduncular nucleus
olfactory bulb and tract — mammiliothalamic tr
hypothalamus mammiliary bodies

amygdala hippocampus

Spatial memory, learning, emotions, behavior; depression, epilepsy, schizophrenia, amnesia, Alzheimer disease, etc.
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Olfactory system

Odorants Chemical substances of the environment that are sensed by the olfactory system. They provide
information about members of the biological community and potential hazards threatening the
individuals. Species specific odorants, called pheromones, are linked with reproduction.

Olfactory system Odorants triggers specific G-protein coupled receptors in the olfactory epithelium cells. The
information of cells is conveyed by the olfactory nerve (l.) to the olfactory bulb for initial
processing. The olfactory bulb projects via the olfactory tract to higher processing centers like the
pyriform cortex and the amygdala. These areas relay the information further to the orbitofrontal
cortex, hypothalamus and the hippocampus. These connections allow the conscious perception of

smell and processing its emotion, motivation and memory-related components.

GENERAL DESIGN OF THE SYSTEM PROCESSING OLFACTORY INFORMATION

OLFACTORY
BULB

ORBITOFRONTAL
CORTEX
OLFACTORY
NERVE

THALAMUS
UNCUS

OLFACTORY OLFACTORY TUBERCLE

RECEPTORS

HYPOTHALAMUS
AMYGDALA

ENTORHINALCORTEX HIPPOCAMPAL
FORMATION

Olfactory mucosa Primary sensory epithel cells are embedded in the olfactory mucosa situated at the top of the
nasal cavity. The cells possess cilia that contain odorant receptors. Water soluble odorant
substances are taken through the nasal cavity during a sniff or breathing where they bind to their
receptors.

OLFACTORY BULB

OLFACTORY NERVES

Olfactory epithelium The sensory epithel cells are bipolar. Their peripheral poles form olfactory vesicles that are
decorated with cilia. The vesicles with the cilia are embedded in a produced by
special . The sensory cells are surrounded by supporting epithel cells. The olfactory
epithelium has a remarkable regenerative capacity. The renewal originates from the basal cells
that show high mitotic activity. The axon processes of the bipolar cells gather into 20 bundles on
each side and enter the anterior cerebral fossa of the skull through the cribriform plate. They
terminate in the olfactory bulb.
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Olfactory receptor

Olfactory bulb

MEMBRANE

Binding of the ligand activates that in turn DEPOLARIZATION

activate adenyl cyclase Il generating cAMP. It is followed by the o

opening of Na/Ca channels. The inflow of calcium opens = =,

Ca-gated Cl-channels leading to depolarization of the membrane o

of cilia. > " <«B

ctibritorm plaje - olfactory bulb A

olfactory nerves % -
olfactory epithelium @ -

inner R m

chamber

of nose ~
AiHC- / \ ) ]/
LI

[' “N7NOCH

Section through nose

BENZALOENYDE 2-|S08UTYL-3-METHOXYPYRAZINE

3

It has 3 main layers (from outside to inside): glomerular layer; external plexiform and mirtal cell

layers; internal plexiform and granule cell layers. Olfactory Nerve Olfactory Bulb
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It receives 2 kinds of AFFERENT inputs (they are both excitatory): the olfactory fibers from
olfactory epithelium and centrifugal fibers from the olfactory tubercle (multiszenzoros kézpont).
Within the bulb, olfactory fibers establish connections with dendrites of mitral, tufted and
periglomerular cells. These structures together form the characteristic compositions of the
olfactory bulb, the glomeruli.

The centrifugal fibers communicate mainly with the inhibitory periglomerular and the granule
cells. Granule cells have no definitive axons. Their dendrites pick up the information from the
centrifugal fibers and establish connections with mitral cell dendrites. They contribute to lateral
inhibition. The inhibitory cells are replaced throughout life.

The EFFERENT projections are sent by axons of mitral and tufted cells via the olfactory tract.
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CRIBRIFORM PLATE
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Glomerulus A spherical structure located in the olfactory bulb of the brain where synapses form between the
terminals of the olfactory nerve and the dendrites of mitral, periglomerular and tufted cells. All
glomeruli are located near the surface of the olfactory bulb. The number of glomeruli in humans
decreases with age. The glomerulus is the basic unit in the odor map of the olfactory bulb,
because each odor activates a different pattern of glomeruli.

Primary olfactory From the olfactory bulb the information is taken via the olfactory tract and olfactory striae to

area higher level processing centers. The lateral stria is interconnected with the uncus, the entorhinal
cortex and the limen insulae. These structures form the primary olfactory area which is pear
shaped in rodents (pyriform cortex). The system is linked to the amygdala as well. The conscious
perception of odor takes place in the orbitofrontal and cingulate cortex.

Sources of centrifugal

fibers of olfactory tract:
anterior olfactory nucleus
and nucleus of diagonal band

Iﬁ Olfactory tract

Entorhinal area

OLFACTORY BULB
OLFACTORY TRACT

OLFACTORY STRIAE

Olfactory
bulb
PRIMARY OLFACTORY AREA =

(PYRIFORM CORTEX)

Olfactory
epithelium

Rhiencephalon A composite substructure of the endbrain that includes the olfactory bulb, the olfactory tract, the
olfactory trigone, the medial olfactory stria, the lateral olfactory stria, the olfactory tubercle, the
medial olfactory gyrus, the pyriform area, the diagonal band, the subcallosal area and the
paraterminal gyrus.

OLFACTORY TRACT AND

Olfactory bulb
Olfactory tract
Lateral olfactory stria

Medial olfactory stria

Amuygdaloid body
Pyriformarea
Entorhinal area
X-Yagus Nerve 11\ 1 —~ BN/ W& ¥ |

l

\Ll
Spinal cord (sectioned) k\\\\\\\\\“
Cerebellar vermis \\\\

Cerebel]um
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Processing of olfactory information:

frontal cortex: conscious perception of smell (a szagok tudatos érzékelése)
hypothalamus, amygdala: motivational and emotional aspects of smell

hyppocampus: odor memory m

thalamus
(medialis-dorsalis)

lateral hypothalamus

olfactory ——
receptors

pyrifofn cortex (uncus)

olfactory bulb

The central olfactory
projections

Olfactory tract Bundle of axons connecting the mitral and tufted cells of the olfactory bulb to several target

[wiki]

Gyrus subeallosus

Parolfactory area —

Anterior perforated substance Band of Giacomind

regions in the brain, including pyriform cortex, amygdala, and entorhinal cortex. It lies in the
olfactory sulcus on the inferior surface of the frontal lobe, and divides posteriorly into two striae,
a medial olfactory stria and a lateral olfactory stria. Fibers of the olfactory tract appear to end in
the antero-lateral part of the olfactory tubercle, the dorsal and external parts of the anterior
olfactory nucleus, the frontal and temporal parts of the prepyriform area, the cortico-medial
group of amygdaloid nuclei and the nucleus of the stria terminalis.

Gyrus Sifiml‘ff'-"ﬂumf-* Magyarul a szagldsrél:

A szaglas receptorai a felsé orrjarat
szagld nyalkahartyajaban (regio
olfactoria) vannak. A szaglé
nyalkahartyat tobbrétegl szagloham
fedi, amely basalis sejtekbdl, magas,
sargasbarna pigmentet tartalmazo,

henger alaku tamasztdsejtekbdl és az
altaluk ovezett szagld hamsejtekbdl all.
A szaglé hamsejtek primer

__ Fascin dentata grzékhamsejtek ,kihelyezett", médosult

Medianl root Eippocampi

bipolaris idegsejtek. Egy vastag, sz6r
alaku, dendritikus nyulvanyuk van,
Umetis amely a tamasztdsejtek kozott a

/ felliletre tor, és ott kis gdmbdcskékben,

szaglébunkdkban végzédik. A

gombocskébdl 20-25 db szagldsz6r ered, amely a hamot boritd rétegbe van agyazva. A szagldsejtek centralis iranyud

neuritjai szagldrostokka egyesiilnek, amelyek a rostacsont lyukain at a koponyalregbe, a szagléhagymaba térnek. A

szagingert olyan illé anyagok molekulai keltik, amelyek oldédnak a hamot boritd, lipoidokban gazdag szerdzus

nyalkarétegben. A szajlregbe kerilt anyagok (pl. feromonok) szaganak érzékelésére alkalmas a Jacobson-féle szerv.

Falat vakon végz6d6, cs6 alaku nydlkahartya béleli, amely az orr- és a szajiireggel is kozlekedik.

Az ingerileti dllapotba jutd szagldsejtek akcids potencialjai a sejtek axonjaiban - amelyek a rostacsont lyukain haladnak

at - a szagléhagymaba (bulbus olfactorius) jutnak. Ezek alkotjak az I. agyidegpart (nervus olfactorius). Itt szinaptikus

kapcsolat alakul ki a kéztes atcsatold sejtekkel és a koponyaalapi teriilet Gsi szaglomez6jébe, valamint a limbikus

rendszerbe sugarzé idegekkel.
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Visual system

Visual system Part of the CNS. It consists of the retina and its projections, the lateral geniculate body, the optic
radiation, the primary and secondary cortical processing centers. In association with the system,
the oculomotor reflex and accommodation are functionally important mechanisms.

The main task of the visual system is the conscious perception of the visual scene. The
information about the light/dark periods of the day is directed to the suprachiasmatic nucleus of
the hypothalamus that orchestrates the diurnal (circadian) rhythm of several neuronal, endocrine
and metabolic functions.

Although the visual field is represented in all key units of the visual system from the retina to the
cortical visual areas, the proper binocular vision (shape, size, sharpness, depth, color of objects)
requires a delicate cooperation of processing structures performing at different levels in the
hierarchy of the neuronal organization. The image and special attributes of the objects seen in the
binocular visual field are gradually built up from simplex (retina) to complex (visual cortex)
processing levels.

SCHEME OF THE ORGANIZATION OF THE VISUAL SYSTEM
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Retina
THE STRUCTURE OF THE RETINA

. PIGMENT CELLLAYER
. LAYER OF RODS AND CONES

. OUTER LIMITING MEMBRANE
.OUTERNUCLEARLAYER

~ |photoreceptor

. OUTER PLEXIFORM LAYER

:
_INNER NUCLEAR LAYER N horizontal cell

. INNER PLEXIFORM LAYER

. GANGLION CELLLAYER

. OPTIC NERVE FIBER LAYER
10. OUTER LIMITING MEMBRANE

PHOTORECEPTOR CELLS OF THE RETINA

DIRECTION OF LIGHT
OUTER SEGMENT

INNER SEGMENT
DIRECTION OF IMPULSE

FIBER

ILLUSTRATION OF RODS AND CONES, THE

PHOTORECEPTORS OF THE RETINA NETWORKING OF PHOTORECEPTOR. BIPOLAR. HORIZON-
TAL. GANGLION AND AMACRINE CELLS IN THE RETINA.
NOTE THE CONVERGENCE

e

Green

f N
AHHD lﬁ{ﬂﬂ / m s (3] u: nwv“ z\wu:
4 uu-uuuouuuuou & PI211Y) " S840
AL )AL

o BewinComnectios. e
Ses wewee - Comminar e it oo |
Doy ol wtns prasprpaiy

DEPICTION OF THE FOVEA CENTRALIS.
NOTE THE EXCLUSIVE PRESENCE OF CONES

www. BrainConnection.com
1908 Simatitic Lowning Corposatien

THE TRICOLOR MECHANISM OF COLOR
DETECTION. SPECTRUM SENSITIVE CONES

Signal transduction The light ray passes through the inner layers of the retina and reaches the outer segments of
photoreceptor cells, the rods and cones. Shining light on photoreceptors leads to
hyperpolarization of the receptor cells. In dark, the receptor cells are depolarized resulting in
sodium and calcium influx through cyclic guanosine monophosphate (cGMP)-gated channels. This
inward current at the outer segment is opposed by an outward current of potassium. The net
balance of cations results in a membrane potential of -40 mV.

The absorption of light reduces the cGMP content in the photoreceptor leading to the closure of
outer segment cation channels. Accordingly, the efflux of potassium ions becomes dominant, the
positive charge decreases and hyperpolarization develops.
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After the retina
——_right hemifield

. optic nerve
. optic chiasm
. optic tract

) . Lateral Geniculate Nucleus
optic nerve . Meyer'sloop

. optic radiation

A U1 WN

ne
w
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optic tract . primary visual cortex in the occipital lobe

optic radiations
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Y
X,

Magyarul a szemrél:

-

' Primary visual field (V1) B 3 o, e ; 3 X ; .
Vi Két részbdl allo gydjtélencse tipusu objektivvel rendelkezik.

occipital poles A kiils6 a szaruhartya, a belsé a szemlencse. A
szivarvanyhartya (iris), amely a szem szinét is meghatdrozza, a szembe lép6 fény mennyiségét csokkenti. A
szivarvanyhdrtya nyildsa a pupilla, melynek atmérdje a fényer6sségtdl fliggben valtozik, a fényrekesz szerepét tolti be. A
beléps fénysugarak athaladnak az tivegtesten (corpus vitreum) és a recehdrtyara (retina) fokuszalédnak. Ezutan a
koézponti idegrendszer kozremUikodésével alakul ki a kép.
Az inhartya (sclera) a szemgolyd rostos burkdnak hatsé négyotodét teszi ki. Rajta tapadnak a szemizmok és atfurja a
szemideg. A felszinnel parhuzamosan rendez6dott kollagén rostok halézatabdl all, ebbdl adddik fehér szine (a
kot6hartyan at lathato része a szemfehérje).
A szaruhartya (cornea) a rostos burok eliils6, megkilonboztetett része. Mivel teljesen atlatszd, és mogotte optikai
kozegek (csarnokviz, mogotte az livegtest) vannak, maga is — tor6kozegként — lencsehatassal bir.

Az érhartya harom f6 részbdl all: a tulajdonképpeni érhartyabdl (choroidea) és annak ellilsé szarmazékaibdl, a
szivarvanyhartyabdl (iris) és a sugdartestbdl (corpus ciliare).

A choroidae funkciondlisan két fontos rétege van: a kiilsG, prekapillaris arterioldkat és postkapillaris vénakat tartalmazd
réteg (lamina vasculosa) és a belsd, az emberi szervezet legsir(ibb hajszalérhaldzatat alkotd réteg (lamina
choriocapillaris). Ez utdbbit az ideghartyatdl csak egy alaphartya valasztja el, igy ezen keresztiil nagyon fontos szerepet
jatszik a retina tdpanyagellatasaban és gazcseréjében.

A szivarvanyhartya (irisz) alapjat egy finom kot6szovetes allomany képezi, amelyben két ellentétes hatasu simaizom, a
pupillasztikit6é izom (musculus sphincter iridis (pupillae)) és a pupillatagité izom (musculus dilatator pupillae) taldlhato.
Ezek hajtjak végre a pupilla fényre alkalmazkodasanak, illetve egyéb reflexeibél (akkomodacids reflex) kovetkezé sz(ikits
és tagitd reakcidit. Kettds (szimpatikus és paraszimpatikus) beidegzését az autondm idegrendszerbdl kapja. Szimpatikus
tulsulyra a pupilla kitagul, mig paraszimpatikus tulsulyra beszdkal.

A sugartest (corpus ciliare) a szivarvanyhartya mogott elhelyezkedd, alapjaban simaizombdl allé képz6dmény. Erre van
felflggesztve finom rostokkal a szemlencse. Széli nydlvadnyai (processus ciliares) érben gazdagok, és folyadékot, a
csarnokvizet termelik. A sugartest izmai a szaruhartya—inhartya hataran erednek (természetesen a korkoros rostok
kivételével). Abbol kovetkezGen, hogy erre van felfliggesztve a szemlencse, alapvetd szerepe van az akkomodacidban (a
szem optikajanak tdvolsaghoz vald alkalmazkoddsaban). Nyugalmi helyzetben (nagy tavolsagra alkalmazkodas), helyzete
Iényegében passziv, azaz elernyedt allapotban van, igy a szemlencse a szem bels6 nyomasa kévetkeztében kifeszil
(torGereje csokken). Kozelre nézéskor a sugdrtest izmainak megfesziilése csokkenti a szemlencsére hatd feszit6é hatast,
ami rugalmassaganal fogva 6sszehtzddva domborubb lesz, torGereje né, igy a latott képet a retindra fékuszalja.
Beidegzését szintén az autondm idegrendszerbdl kapja.
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A szem legbels6 burka az ideghartya (retina). A retina fényérzékeny receptorokat tartalmazo része a szemgolyd hatsé
kétharmadaban van meg, ez el6tt egy hullamos vonal (ora serrata) mentén fényérzékeny receptorait és rétegezettségét
elveszti, és pigmentham réteggé alakul. Tobbek kdzott a pigmentham rétegek teszik a szemet fényképezégéphez
hasonlithaté s6tétkamra (camera obscura) jelleglivé. Hirom egymas utan kapcsolt neuron lancolatai alkotjak. Az elsé
(legkiils6) a csap- és palcikasejtek neuronja, amelyeknek részei a fényérzékel6 receptorok. Ezek ingertilete egy bipolaris
koztes neuronra tevédik at, amely a jeleket a harmadik neuronra, a nagy idegsejtekre tovabbitjak. Ez utébbiak
Osszeszed6d6, centralis nyudlvanyai alkotjdk a latdideget, melynek rostjai a latéidegkeresztez6désen keresztiil, majd a
|atékotegbe folytatddva az oldalsé térdes test neuronjaira kapcsolddik at. A koztes neuronok masként viselkednek a
csap- és palcikasejtek esetében. El6bbieknél az ingerlletattevédés egy-egy aranyu (linedris kapcsolat), mig az
utébbiaknal egy koztes neuron tobb palcikasejt ingeriletét is 6sszegydijti (konvergald kapcsolat). Ez is a magyardzata
annak, hogy a csapok az éles latasban, mig a palcikak a kis fényerénél torténd latdsban jatszanak meghatdrozo szerepet.
A retinaban oldaliranyu (asszocidcids) kapcsolatokat biztositd és szabalyozd mikodéseket ellaté neuronok, valamint
tdmaszto sejtek is vannak.

A retinaban a fény érzékelésére szolgald specialis fotoreceptorok, palcikak és csapok talalhatok. A palcikak az
alacsonyabb intenzitasu fényre is érzékenyek, az er6sebb fényingert igényl6 csapok a szinlatast és az éles latast
szolgaljak. Az ugynevezett sargafoltban (macula lutea) levd 1atégodorben (fovea centralis) csak tomotten egymas mellé
rendez6dott csapok vannak, ez az éles latds helye. A csap- és palcikasejtek kiiltagjaiban ismétl6dé
sejtmembrankorongok talalhaték, amelyek membranjaiban fényérzékeny festékanyagok (rodopszinok) vannak. Amikor
a megfeleld hulldmhosszu fény éri ezeket a festékanyagokat, molekuldik megvaltoznak, és ingeriletbe hozzak az adott
receptorok egész membranrendszerét.

A sargafolt (macula lutea) a szinlatas helye a retinan. A [atéidegf6tdl (vakfolt) oldalra taldlhatd. Benne helyezkedik el a
latogodornek (fovea centralis) nevezett bemélyedés, amely az éleslatasért felelGs.

A szemlencse allomanyaban kocsonyasabb kéregallomany (cortex lentis) és tomottebb mag (nucleus lentis)
kilonboztethet6 meg. A lencse rugalmas képz6dmény, amely ellazult allapotban 6sszeugrik, azaz domborusdga
novekszik. A lencsemag az életkorral ndvekszik, ett6l rugalmassdga csdkken, ezzel laposabb allapotban rogziil, torGereje
kisebb lesz. A lencse szélén korkorosen eldl és hatul finom fliggeszt6 rostok tapadnak, amelyek egymadssal keresztez6dve
a sugartest nyulvanyai kozott ellentétes oldalon (azaz hatul és el6l) rogzilnek. Amikor a sugartest izomzata elernyedt
allapotban van, a lencsefiiggesztd rostokon keresztiil a szem belsé nyomasa a lencsét megfesziti és laposabba teszi, igy
toréereje csokken, azaz tavollatasra van beallitédva. A korben elhelyezkedd lencsefliggeszté rostok (zonula ciliaris)
kozott kozlekedik egymassal az eliils6 és hatsé szemcsarnok tere.

Alkalmazkodas: a szem nyugalmi allapotban tavolra nézésre beallitédott dllapotban van. Kozelre nézéshez a szemlencse
tor6erejének fokozasara van sziikség. Ezt a szem azzal éri el, hogy a sugdrtest izomzata 6sszehuzddik, ezzel jobban
kiemelkedik, és a lencsefliggeszt6 rostok ellazulnak. A szemlencse természetes rugalmassaganal fogva domborubba
valik, toréereje fokozddik. Az alkalmazkodas (accomodatio) tehat a sugarizom (musculus ciliaris) aktiv miikodésén és a
szemlencse rugalmassagan alapul. Az életkorral az utdbbi csékken, emiatt alakul ki az idGskori tavollatas (presbiopia).

Az livegtest (corpus vitreum) optikailag teljesen atlatszod, sejtes szerkezetet nem mutaté kocsonyas anyag. Nagy része
viz (90%), amelyben néhdny specidlis fehérje mellett hialuronsav taldlhaté. EI6l a hatsé szemcsarnoktdl egy hatarhartya
valasztja el. A retina felé hatarhartyaja nincs. A szem belsé nyomasanak kozvetitésével szerepet jatszik a szemgolyo
alakjanak fenntartasaban. A szem sérlilése soran esetleg elvesztett ivegtestallomany nem potlédik.

A szemcsarnokok (camerae bulbi) a szaruhdrtya mogott az livegtest ellilsé hatarhartyajaig terjedd, viztiszta, atlatszo
folyadékkal, csarnokvizzel (humor aquosus) kitoltott terek. A tereket a szivarvanyhartya osztja elllsé és hatso
szemcsarnokokra. A két rész kozotti 6sszekottetés a pupillan keresztiil valésul meg, bar ennek el6tte a csarnokviznek at
kell haladnia a szivarvanyhdrtya hatsoé felszine és a lencse kozotti kapillaris résen. A csarnokviz a hatsé szemcsarnokban
a sugartest nyulvanyainak ereibél sz(rédik ki, majd a pupillan keresztiil a szaruhartya és a szivarvanyhartya kozotti eliilsé
szemcsarnokba jut, ahol a szivarvanyhdartya rogzilésénél, a szaruhartya és inhartya taldlkozasanal (corneoscleralis hatar)
|évé sajatos képz6dményen keresztiil felszivédva visszakeril a vénas vérbe. A csarnokviz termelédésének és
visszaszivddasanak dinamikus egyensulya tartja fenn a szem belsé nyomasat, amely megkozelitéleg 20 mmHg.
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Fluids in the
inner ear

Cochlear and vestibular systems

(Hall6 és egyensulyozé rendszer)

The cochlear canals contain two types of fluid: perilymph and endolymph. Perilymph has a similar
ionic composition as extracellular fluid found elsewhere in the body and fills the scalae tympani
and vestibuli. Endolymph, found inside the cochlear duct (scala media), has a unique composition
not found elsewhere in the body.

FLUID COMPARTMENTS OF THE BONY AND MEMBRANOUS LABYRINTHS

COCHLEA (UNROLLED)

COCHLEAR DUCT

ENDOLYMPH IN MEMBRANOUS

LABYRINTH

ROUND WINDOW

SACCULE UTRICLE
' SEMICIRCULAR CANAL

_oval
( window Penl)rmph
—_ /'Q scala vestibuli  ~m
stapes scala media
/“-< {L scala tympani <~
round endolymph
window

' PERILYMPH INBONY
OVAL WINDOW 3 LABYRINTH

VESTIBULE

NOTE THAT THE ENDOLYMPHATIC COMPARTMENT IS SURROUNDEDBY THE

Auditory system

Vestibular system

PERILYMPHATIC FLUID SYSTEM

Sound causes vibration of the tympanic membrane (dobhdrtya) that is transmitted via the otic
ossicles (hallécsontocskak) to the perilymphatic fluid. It generates a spreading wave in the
cochlear duct (halldjarat) filled with endolymph. As a result, the hair cells in the organ of Corti
become activated. This signal is transmitted by the cochlear nerve to cochlear nuclei of the
brainstem. The cochlear nuclei project upstream and send the information via brain stem and
metathalamic structures to the primary auditory cortex located in the superior temporal gyrus.

It senses linear acceleration, deceleration and angular rotation of the head. There are receptors in
the utricle (toml&cske), saccule (zsakocska) and the semicircular canals (félkoros ivjaratok, 3). The
generated signals are carried by the vestibular nerve to its nuclei for processing. The system is
interconnected with motor nuclei of muscles regulating the movements of eye.

Organization of the ear

EAR DRUM

COCHLEA

COCHLEAR
NERVE
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Signal propagation  Sound causes vibration of the tympanic membrane which is

transmitted by a chain of tiny bones, the (kalapacs),
(ullg) and (kengyel) to the oval window of the

Stapes
cochlea (csiga). The basis of the stapes transmits

the signal to the perilymph, a fluid filling the

Oval window

scala vestibuli and scala tympani compartments of " —_—
the cochlea. The scala vestibuli starts at the "% i
oval window and the fluid filled membranous tube

winds around the vertical axis of the cochlea, maieus
then it turns downhill and continues as scala tympani

which ends at the membrane covering the round

window. Scala tympani and scala vestibuli
surround the membranous tube
which is filled with endolymph.

Eustachian tube
Sound

Corti organ Situated within the
cochlear duct. It is
built by sensory
epithel hair cells and :::sb"::
supportive epithel
cells. The sensory cells
pick up the signal of
the spreading
endolymphatic fluid
wave. Neurons of the
cochlear ganglion
convey the
information to
auditory centers of
the brain stem.
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Hair cell activation  Depending on the pitch (hangmagassag) of the sound, a particular region of the basilar membrane
vibrates with a maximal intensity. Signals at high frequency generate vibrations at the base of the
membrane, while sounds at low frequency initiate movement at the wider and looser apical part
of the basilar membrane. The evoked movement results in bending (gorbiilés) of the hairs of
sensory epithel cells toward the stereocilium which, in turn, causes depolarization and increases
the release of transmitters from hair cells. This event activates the peripheral processes of
cochlear ganglion neurons.
magas freki = basilar eleje, ahol a kengyel van
alacsony freki = a basilar szélesebb, lazabb messzi része remeg be
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The central processes of cochlear ganglion cells terminate in the dorsal and ventral cochlear nuclei

of the brain stem. The cochlear nuclei communicate
with the superior olive from where the auditory fibers
ascend to the inferior colliculus forming the lateral
lemniscus. This nucleus relays the information to the
medial geniculate body of the thalamus. The final
acoustic radiation reaches the primary auditory field
(A1) of the superior temporal gyrus. The auditory
center has a tonotopic* organization, the apex of the
cochlea projects to the anterior part of the field, high

frequency sounds are represented at the posterior
pole. Behind this region is the sensory speech area of
Wernicke.

magas freki = a center hatso részén
alacsony freki = a kdzpont eliilsé részében

The spatial arrangement of where sounds of different frequency are processed in the brain

(from Greek tono=frequency and topos = place). Tones close to each other in terms of frequency

are represented in topologically neighboring regions in the brain.

Wernicke speech
area

One of the two parts of the cerebral cortex linked to speech; the other is Broca's area. It is
involved in the production of written and spoken language.
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The receptor structures of the vestibular system are located in the bony vestibule (dobiireg) and

semicircular canals of the inner ear. The linear acceleration and deceleration are sensed by

receptors built into the endolymph-filled utricle (tomlScske) and saccule (zsdkocska). The angular

rotation is monitored by hair cells of the crista ampullaris (a hartyas ivjaratok kiemelkedése), a

receptor structure present in each of the membranous semicircular canals. The spatial

arrangement of the semicircular canals enables the detection of angular rotation of the head in all
directions.

The hair cells of the utricle and saccule possess hairs embedded in the otolith membrane.
(A tdmlbeskében és a zsakocskaban 1évd szérsejtek sz6roket bocsatanak ki, amelyek masik
oldal be van agyazva a halléké membranjaba)The calcium concretions (k6képzédések) give
the otolith membrane a higher specific gravity than the endolymph, and by bending the
hairs (a sz6roket hajlitva) it can stimulate the hair cells. Because of their orientation in the
head, the utricle is sensitive to a change in horizontal movement, and the saccule gives
information about vertical acceleration.

In the semicircular canals, the movement of endolymph triggers the hair cells and changes
their activity depending on the direction of the flow. The altered receptor status is
reported by the vestibular nerve.

Small particles, composed of a combination of a gelatinous matrix and calcium carbonate in the
viscous fluid of the saccule and utricle. The inertia (tehetetlenség) of these small particles causes
them to stimulate hair cells when the head moves.

It is part of the otolith organs in the vestibular system. The otolith organs include the utricle and
the saccule. The otolith organs are beds of sensory cells in the inner ear, specifically small patches
of hair cells. Overlying the hair cells and their hair bundles is a gelatinous layer and above that
layer is the otolithic membrane. The utricle serves to measure horizontal accelerations and the
saccule responds to vertical accelerations. The reason for this difference is the orientation of the
macula in the two organs.
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Basilar membrane It is located in the cochlea of the inner ear. A stiff structural element that separates two liquid
filled tubes that run along the coil of the cochlea, the scala media and the scala tympani

THE VESTIBULAR PATHWAYS

OCULOMOR NUCLEUS
MEDIAL LONGITUDINAL

FASCICULUS
ASCENDING PART

VESTIBULOCEREBELLAR FIBERS

ABDUCENS NUCLEUS
SUPERIOR VESTIBULAR NUCLEUS

MEDIAL VESTIBULARNUCLEUS
MEDIAL LONGITUDINAL
FASCICULUS
DESCENDING PAR
head Magyarul az egyensulyozasrél:

A hartyas fallal hatarolt, folyadékkal telt labirintusszerv
egyik része, a toml6cske és a zsdkocska fejiink térbeli
helyzetérél szolgéltat informaciot. ErzékszSrokkel

medial rectus
lateral rectus  rendelkezd receptorsejtjei folott kocsonyds rétegbe
agyazddva apré mészszemcsék helyezkednek el. Ezek a
kristalyok sulyuknal fogva nyomjak az alattuk levé
érzékszGroket. Ha a fej térbeli helyzete megvaltozik, a
szemcsék mas irdnyban, mas sejteket ingerelnek.

Fejiink elforduldsdt, forgd mozgdsat a harom félkérés
ivjarat segitségével érzékeljuk. A félkoros ivjaratok

left

egymasra merélegesen, a tér harom sikjaban, félkor alakban
gorbil6 csovek, belsejiiket folyadék tolti ki. Ha a fej
elmozdul, az elfordulds sikjaba esdé ivjaratban a folyadék,
tehetetlensége miatt ellenkez6 irdnyban aramlik. Az dramlo

vestibular nuc. folyadék sodrdsa meggorbiti az ivjarat végénél levs

receptorsejtek érzékszéreit. Ez kelti az ingeriletet.

A labirintusszerv receptoraibdl az ingerilet az agyideg
rostjain halad a talamusz felé, ahonnan atkapcsolas utan a fali lebenyben taldlhaté érz6mezébe és a mozgdasszabalyozas
kdzpontjaiba jut. igy izmaink mikddtetésével azonnal valaszolhatunk az ingerre.
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THE VESTIBULO-OCULAR REFLEX
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MOVING THE HEAD TO THE LEFT SIDE IN THE HORIZONTAL PLANE EVOKES THE
CONJUGATED MOVEMENT OF THEEYE BALLS TOWARD THE RIGHT SIDE

A hallds és egyensulyozas szerve (organum vestibulocochleare) 6sszetett, kettds érzékszerv, egyfel6l a hallas, masfeldl az
egyensulyozas szolgalataban all. A haldntékcsont kilsé felliletén és a sziklacsontban helyezkedik el.
A hallds szerve harom részbdl all: kiils6-, kbzép- és belsé fllbbl. Az egyensulyozas szerve a belsé fllben taldlhatd.

A kiilsé fil filkagyld + kiils6 hallojarat a dobhartyaig

A kozépfiil

A haldntékcsont dobliri részében helyez6dd, nydlkahdartydval bélelt, levegivel telt Gregbdl: a kiils6 és a belsé ful kozotti
dobiiregbdél, valamint a dobhartyat a belsé fiillel 6sszekotd hallasi csontocskakbdl all. A halldsi csontocskak: a kalapdcs,
az iillé és a kengyel, a dobhartyatdél az ovdlis ablakig terjedd csontlancolat, amelyben a csontokat két iziilet és szalagok
kapcsoljak egymdshoz. A dobhartya rezgéseit kozvetitik az ovalis ablakon at a belsé fiilbe.

A fiilkiirt (tuba auditiva Eustachii) a dobiireget a garatlireggel 6sszekoti, ezaltal a dobireg a kilvilaggal kozlekedik, s a
légnyomast a dobhartya mindkét oldaldn kiegyenliti.

A belsé fil

A sziklacsontban elhelyezkedd, egymassal kézlekedd, csontos fald, csonthartyaval bélelt Gregekben és jaratokban, a
csontos labirintusban foglal helyet. Ezen beliil taldlhaté a hartyas fald szerv, amit hdrtyds labirintusnak neveznek. A
hartyas labirintus folyadékban, perilimfaban, Uszik. A hartyas labirintust folyadék, endolimfa, tolti ki; falaban a hallas és
egyensulyozas végkésziilékei, receptorszervei foglalnak helyet.

A csontos labirintus harom részbél all: a torndc, a félkoros ivjaratok, a csiga.

A torndc (vestibulum) gomb alaku lireg, melynek medialis falan beemelked6 alacsony léc csiga feldli 6blot (sacculi), és
egy ivjaratok felé es6 6blot (utriculi) kilonit el egymastol.

A félkoros ividratok, amelyek kdzelében levs atlyuggatott teriileten a hartyas labirintusbdl eredd idegek Iépnek ki, a
torndacba nyilnak. Résein at a perilimfa a szubarachnoidedlis folyadékkal kézlekedik. A medialis falan levé kerek lyukhoz a
kengyel talpa illeszkedik. A csontos ivjaratok félkor alaku, sz(ik csatornak, a tornac caudodorsalis felliletén tagulattal
nyilnak.

A csiga (cochlea) az éticsiga hazahoz hasonld; tengelye koril spiralisan csavarodd, a vége felé elvékonyodo csé. A csiga
Uregének spirdlis, lemez alatti rekesze a dobliri 1épcsd, afolotti része pedig a tornaclépcsé.
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A hartyas labirintus vékony, kot6szovetes falu, lireges szerv. Fala vékony, érdus, lemezekbe rendez6dott kotGszovetbdl

(basalis membran) és egyrétegli hambdl all. A ham helyenként specifikusan differencidlt érzéki hdm, a hallds és
egyensulyozas végkésziiléke.

Részei: a tomlbcske, a zsdkocska, a hartyas ivjaratok, a csigajarat.

A témldcske (utriculus), a zsakocskanal (sacculus) nagyobb, tojasdad alaku. A zsdkocska kicsi és kerek; a kett6t
egymassal sz(ik jarat koti 6ssze. Mindkettd a torndcban helyezkedik el.

A hdrom hdrtyds ivjdrat a csontos ivjarat domboru felliletéhez simul, a jaratok ampullaszer( tagulattal a toml6cskébe
szdjadzanak.

A Corti-féle szerv (organum spirale) a hallas tulajdonképpeni receptor szerve. Spiralis szalag alakd; hamja pillér- és
tamasztosejtekbdl (érzéki hamsejtek vagy szérsejtek) all, amelyek az alapmembranon (membrana basilaris) Glnek. A
belsd pillérsejteket egy, a kilsSket 3-5 sor érzéki hamsejt hatarolja, amelyeket kivilrél tdmasztdsejtek dveznek.

Az érzéki hamsejtek folé az un. Corti-féle hartya, membrana tectoria, nyulik be. A hartya a labium vestibularérél ered, és
a szérsejtek kiils6 sora folott szabad szélben végzédik; nedvdus, kocsonyaszer(, hamsejtkutikulabdl szarmazik, vazat
vékony fibrillumok halézata adja.

A hang érzékelése

A hallds folyamatdnak adekvat ingere a hang. A kiilsé halléjaratban vezetett hanghullamok frekvencidjuknak megfelel
rezgést keltenek a dobhartydn. Ennek elmozduldsai kitéritik a hallasi csontocskakat, majd a hanghullamok a kengyel
talpanak rezgései révén atterjednek a perilimfara. A perilimfa folyadékrezgései a dob(iri [épcsé csucsaig terjedd, az
artérias pulzushoz hasonld hulldamokat keltenek. E hulldmok a tornaclépcs6ben folytatddnak, majd a csiga csucsarol
atterjed az endolimfat tartalmazoé csigajaratra is. A hangrezgés hatdsara a két merev lemez, az alaphartya (membrana
basilaris) és a tet6lemez (membrana tectoria) kdzott eltolddas keletkezik, ami a halldsz6roket elhajlitja. A sz6rsejtekben
ezdltal keletkezett ingertletet a bipolaris idegsejtek periferikus szakasza veszi at, és centralis vel6hiivelyes
nyulvanyaihoz tovébbitja. A centripetalis rostok (felvéve a vestibularis készililékbdl szarmazokat is) nervus
vestibulochlearis-sa (VIII. agyideg) egyesiilnek, és a nyultvel6be jutnak. Ott részben keresztez6dnek, majd a talamuszon
at az agykéreg halantéklebenyi teriletére futnak.

Az egyensulyozas késziiléke és miikodése

A belsé fiilben |évé tornachbdl csontos jaratok indulnak ki, a tomlécske, a zsakocska és a 3 félkoros ivjarat —
mindhdromba idegek Iépnek be. Az idegek a két el6bbi macula statica-nak, ill. az ampulldkban a lécnek (crista) nevezett
receptor tertleten végzédnek. A macula tdmaszésejtjei kozott érzékhamsejtek lilnek. Ezek nyulvanyai az egészet boritd
kocsonyas rétegbe nyulnak. A réteget mészkristalyok (statolith) vékony rétege fedi. Az ampulldban egy ugyancsak
kocsonyas anyaghdl allé cupula az, amelybe az érz6 sz6rdk benyulnak.

A fej vagy a test mozgasa miatt, az endolimfa tehetetlensége folytan kilénb6z6 mértékben elhajlitja az ampulldkban
Iév6 cupuldkat. Ez a szérsejtekben ingerileti allapotot kelt a maculakban a le, fel, ill. az el6re, hatra irdnyd mozgasok
révén valtozik a statolith réteg altal okozott terhelés, ami ingeriiletet valt ki a kocsonyas rétegbe agyazott szGrsejtekben.

Az érzéksejtek ingeriletét a bipolaris ganglionsejtek veszik fel és n.vestibulocochlearis (VIII) részeként elGbb a
nyultvelGbe térnek. Innen a kotegek (tractus) tébbfelé vezetnek, igy a kisagyveld lebenyébe, a szemmozgatatod idegek
ducaihoz, a gerincvel6i mozgatdidegek magjaihoz és az agykéreghez fut be a test egyensulyi helyzetérél impulzus.
Mindez egyltt az allas- és mozgas koordinaciéhoz, valamint a szemmozgdsok beallitdsdhoz is ad informaciot.
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