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Cell organelles 

Centriole 9 mikrotubulus-tƌipletďől áll. EgǇ páƌ ĐeŶtƌióluŵ alkotja a sejtŵag közeléďeŶ elhelǇezkedő  
  ĐeŶtƌoszóŵát, aŵelǇ a ŵikƌotuďulusok Ŷöǀekedését szervezi. 

Cilium EgǇ ŵeŵďƌáŶŶal köƌülǀett, ujj-szeƌű ŶǇúlǀáŶǇa a ĐitoplazŵáŶak, aŵi a basal bodyďól eƌed. 
  (A membrane-covered, finger-like projection of the cytoplasm which originates from the basal body) 

Cytoplasm 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. 

Cytoskeleton Fehéƌje-stƌuktúƌák hálózata, ŵelǇ egǇ ďelső ǀázat ad a sejtŶek. (Network of protein structures 

  forming an inner skeleton for the cell. Composed of microfilaments, microtubules and intermediate 

  (IM) filaments. 

 

 

 

 

 

 

 

 

 

 

Endocytosis Ϯ fajtája: fagoĐitózis ;ƌészeĐskék, Ŷeŵ oldott aŶǇag felǀétele, speĐializált sejtek ;fagoĐitákͿ fuŶkĐiója, 
  az iŵŵuŶǀálasz egǇik lépéseͿ; piŶoĐitózis ;oldott aŶǇagok felǀételeͿ 

Glycolipid 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.) 

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

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

 

Lysosome MeŵďƌáŶhatáƌolt, göŵďölǇű, 0.1-1 mikƌoŵéteƌ 

  átŵéƌőjű ǀezikula. Hidƌolizáló eŶziŵeket taƌtalŵaz, 
  ŵelǇek a sejtďe fagoĐitózis által keƌült ƌészeĐskéket, 
  ǀalaŵiŶt elöƌegedett sejtalkotókat eŵészteŶek. A 

  hidƌolizáló eŶziŵek az ER-ben keletkeznek, onnan 

  ǀezikulák segítségéǀel a Golgiďa szállítódŶak. 

  A lizoszóŵa ďelső köƌŶǇezete saǀas ;pH: ϰ.ϴͿ, aŵelǇ 

  a Đitoplazŵáďól, ioŶĐsatoƌŶákoŶ és pƌotoŶpuŵpákoŶ 

  keƌesztül ďeéƌkező H+
 ioŶokŶak köszöŶhető. 

 

  Membrane-bound, spherical (göŵďölǇű) 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. 

   



3 

 

Microfilaments 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. 

Microtubules 10-14 nm compartment of the cytoskeleton. Composed of  and  tubulins. The units polymerize to 

  build up the hollow ;üƌegesͿ 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. 

Mitochondrion 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. 

Nissl-bodies The RER patches in neurons. 

Nuclear envelope Double membrane layer, continuous with rough endoplasmic reticulum. 

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

  the cell cytoskeleton.  

Nuclear pores Holes in the double membrane. They form the nuclear pore complex, which regulates trafficking 

  between the nucleus and the cytoplasm (macromolecules, RNA). 

Nucleoli 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. 

RER 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. 

SER Smooth Endoplasmic Reticulum. Irregular network of membranous tubules and vesicles which 

  doesŶ’t ĐaƌƌǇ ƌiďosoŵes. It is ĐoŶtiŶuous ǁith the RER sǇsteŵ aŶd liŶked to the Golgi sǇsteŵ. 
  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. 

Transport vesicles 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. 
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Nervous tissue 

Action potential Transmits signals from the cell body toward the axon terminal. 

    1. A stimulus is received by the dendrites 

    of a nerve cell. This causes the Na
+
 channels 

    to open. If the opening is sufficient to drive 

    the interior potential from -70 mV up to 

    55 mV, the process continues. 

 

    2. Having reached the action threshold, more 

    Na
+ 

channels (sometimes called voltage 

    gated channels) open. The Na
+
 influx drives 

    the interior of the cell membrane up to about 

    +30 mV. The process to this point is called 

    depolarization. 

 

  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 - Ϭ.ϯ] ŵiĐƌoŵeteƌͿ. TheǇ doŶ’t haǀe aŶǇ 

   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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Axon collateral Branch of the axon process. Takes part in local neuronal networks. 

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

  initiation place. 

Axon terminal The final segment of the axon splitting into fine-caliber ;ǀékoŶǇ ďelső átŵéƌőjűͿ processes that 

  communicate with other elements. It contains microtubules, neurofilament bundles, 

  mitochondria and pools of synaptic vesicles. Releases neuro-messengers. 

Dendritic tree Collection of dendrites, extensive branching. Exhibits dendritic spines. Receives afferent axon 

  terminals from other neurons. Takes part in neural plasticity and remodeling. 

Dendrites EgǇ ŶeuƌoŶ elágazó ŶǇúlǀáŶǇai. Mikrotubulusokat, RER-t, poliszóŵákat és ŵRNS-eket 

  taƌtalŵazŶak; speĐiális peptid és tƌaŶszŵitteƌ ƌeĐeptoƌokďaŶ gazdagok. A ďeéƌkező iŶfoƌŵáĐió 

  ŶagǇ ƌészét a Đitoplazŵa kidudoƌodásai – az úgǇŶeǀezett deŶdƌitikus tüskék (dendritic spines)  

  fogadják. 

Growth cone Dinamikus, aktin-táŵogatott ŵeghosszaďďodása egǇ fejlődő ŶeuƌitŶak ;= a neuron sejttestéŶek 

  ďáƌŵilǇeŶ ŶǇúlǀáŶǇaͿ. Az aǆoŶok és deŶdƌitek legǀégéŶ található. A Ŷöǀekǀő aǆoŶok és deŶdƌitek 

  összes fuŶkĐióját ŵagáďaŶ 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. 

Hystodynamic The preferred way of conducting [ǀezetés] information in the axon is from the direction of the cell  

polarization body toward the axon terminal. 

Nervous tissue Receive information from the environment, processes the data and dispatches executive 

  commands (ǀégƌehajtaŶdó paƌaŶĐsokat küld) that regulate the basic functions of the body. It is 

  composed of 2 major cell types: neurons and glial cells. 

Neural cell body 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, 

  illetǀe sejtƌészekŶek az a tulajdoŶsága, hogǇ ďázikus [lúgos] aŶǇagokkal jól festhetők). Free 

  ribosomes, RER and Golgi complexes take part in the production and storing of proteins. 

Neural units 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. 
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Neuron 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. 

Neuron functions 1. ďelső aktiǀitást geŶeƌál  
  2. külső sziŶaptikus iŶputokat fogad 

  3. egǇségesíti a külső és ďelső jeleket 
  4. kódolja a kiŵeŶet ŵiŶtázatát (pattern of output) 

  5. sziŶapszisokoŶ keƌesztül teƌjeszti az iŶfoƌŵáĐiót 

Neuron types 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 ;ŶǇúlǀáŶǇͿ 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. 

Neuropil 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. 

Peripheral nerves 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.  

Pyramidal cell 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 (geƌjesztési egǇségek) of the mammalian prefrontal cortex and the corticospinal tract. 

   

Non-myelinated axon 

ioŶkoŶĐeŶtƌáĐió a sejteŶ kíǀüli, 
         illetǀe ďelüli téƌďeŶ 
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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 (ǀálaszfal) 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. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Glial cell functions 1. provide support and structure for neurons 

  2. provide insulation (elszigeteltség) for groups of neurons (e.g. insulation from electrical activity) 

  3. form myelin (Schwann cells in PNS, oligodendroglia in CNS) 

  4. remove debris after neuron injury or death 

  5. buffer (ĐsökkeŶti) K+
 concentration and remove transmitters from ECF (extracellular fluid) 

  6. during brain development act as guides for neuron migration and outgrowth of axons 

  7. BBB 

  8. nutritive (tápláló) function for neurons 
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Microglia Sejtek ŶagǇ százalékát ;ϱ-ϮϬ%Ϳ képezi az agǇďaŶ: a CNS ƌezideŶs iŵŵuŶsejtjeikéŶt ŵűködŶek. 
  Képesek fagoĐitálŶi, ígǇ eltáǀolítják a séƌült ŶeuƌoŶokat, plakkokat és egǇéď feƌtőző 

  képződŵéŶǇeket. A ŶǇugalŵi ŵikƌogliáŶak száŵos elágazó ŶǇúlǀáŶǇa ǀaŶ, ŵelǇek konstans 

  ŵódoŶ ŵozogǀa felŵéƌik a szoŵszédos teƌületeket. Az aktíǀ ŵikƌogliáŶak ŶagǇoďď a sejtteste és 

  ǀastagaďďak a ŶǇúlǀáŶǇai; ďizoŶǇos iŶgeƌek hatásáƌa pedig ŵakƌofággá ǀálik.  

  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. 

Neuroglia 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 

Oligodendrocytes Apƌó sejtek száŵos elágazó ŶǇúlǀáŶŶǇal. Sok RER-t és poliƌiďoszóŵát taƌtalŵazŶak. Ϯ fajtája ǀaŶ: 
  a szatellit oligodeŶdƌoĐiták a ŶeuƌoŶokat táŵogatják, ŵíg az iŶtƌafasĐikuláƌis oligodeŶdƌoĐiták a 

  CNS axoŶkötegeiďeŶ jeleŶŶek ŵeg, ahol kialakítják az aǆoŶok ŵieliŶhüǀelǇét. 

  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. 

Ranvier nodes 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. 

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

Tanycytes 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. 
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Nerve endings 

Autonomic plexus 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. 

Chemoreceptors 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. 

Mechanoreceptors 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.  

 

Motor end plate 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 

 

Muscle spindle 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.  

Pain receptors 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. 
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Sarcolemma The membrane of the muscle fiber. 

Sarcomere The smallest functional unit of a myofibril (izomrost). 

Sensory epithelial They are capable of sensing special stimuli (odor, flavor, liquid movement). They are related to 

cell 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. 

Thermoreceptors 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. 
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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. 

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

  of spinal motoneurons represents this connection type. 

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

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

  are separated by the synaptic cleft. It’s a oŶe ǁaǇ ĐoŶduĐtioŶ. The huŵaŶ ďƌaiŶ possesses aďout 
  10

14
 to ϱ × ϭϬ14

 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 

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

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

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

  is high. Theƌe’s Ŷo sǇŶaptiĐ delaǇ; aŶd the tƌaŶsŵissioŶ is ďidiƌeĐtioŶal. It ĐaŶ ďe deteĐted ďǇ 

  intracellular delivery of the dye, Lucifer yellow. 

 

 

En passant synapse  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. 

  ;jeleŶtés: ŵeŶet közďeŶiͿ 
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Excitatory synapses They release excitatory neurotransmitters like acetylcholine, serotonin, dopamine, noradrenaline 

  and histamine which increase the ŵeŵďƌaŶe’s peƌŵeaďilitǇ 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, 

  terminating large-sized axon. The interacting structures fit each other like cogwheels. Synapses 

  formed by mossy fibers and granule cell dendrites in cerebellum. 

Inhibitory synapse 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. 

Parallel contacts Synaptic type in the CNS. The axons climb and wind around the innervated cell. Climbing fibers 

  terminate this way on Purkinje cells. 

Post-tetanic In the rest period after a repetitive, tetanic stimulation the synapse might become even more 

facilitation responsive to subsequent stimulation than normally. It may last for seconds or minutes. This 

  mechanism contributes to short term memory storage. 

Synaptic delay 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. 

Synaptic strength It is defined by the change in transmembrane potential resulting from activation of the 

  postsynaptic neurotransmitter receptors.  

Types of synapses   

 

 

 

   1. axo-dendritic: axon terminating on the dendritic shaft 

   2. axo-spinous: axon terminating on the dendritic spine 

   3. axo-somatic: axon terminating on cell body 

   4. axo-axonic axon terminating on another axon 

   5. dendro-dendritic: dendrite communicating with dendrite 

 

: 

 

 

  

Elektromos szinapszis: 

      póƌus koŵpleǆ 
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Neurotransmitters 

 

Dopamine Synthesis: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  Inactivation by MAO and DAT 

  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 



14 

 

Serotonin 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 

 

Acetylcholine 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 

 

Glutamate  Synthesis: -ketoglutamate  aminotransferase OR 

   glutamine  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 

 

Histamine  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 

 

GABA  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 teŶgelǇe ŵeŶtéŶ) 

  Significance: iŶhiďitioŶ of eǆĐitatoƌǇ aĐtioŶs, epilepsǇ, aŶǆietǇ ;szoƌoŶgásͿ 

 

Glycine  Synthesis: serine  serine hydroxymethyltransferase 

  Inactivation: glycine transporters 

  Receptors: chloride channel 

  Expression in brain: spinal cord 

  Significance: inhibition of excitatory actions 

 

Anterograde A cellular process responsible for movement of mitochondria, lipids, synaptic vesicles, proteins, 

 transport and other cell organelles to and from a neuron's cell body, through the cytoplasm of its axon. 

Docking The process of insertion of synaptic vesicles into the presynaptic grid and establishing contact 

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

secretory vesicles  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. 

 

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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  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 doesŶ’t oĐĐuƌ – 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. 

Neurotransmitters 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). 

NT transporters 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. 

Presynaptic grid 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. 

Protein structures 1.  Vesicular transmitter transporters: uptake and accumulation of transmitters 

built in the synaptic 2.  Proton pump: generation of electrochemical gradient 

membrane 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 

Synaptic vesicles 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. 

   

  



17 

 

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 

GABAA (ionotropic) and GABAB(metabotropic) 

Glutamate amino acid   

most abundant excitatory neurotransmitter in the CNS; glutamate 

binds to the metabotropic glutamate receptors (mGluRs) of which 

there are eight (mGluR1–mGluR8) divided into three families; 

glutamate also binds to several ionotropic receptors including 

the N-methyl-D-aspartate (NMDA) receptor (NMDAR), the kainate 

ƌeĐeptoƌs ;KARͿ, aŶd the α-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 

eaĐh GlǇR ;α aŶd βͿ that ĐoŵďiŶe iŶ ǀaƌious ǁaǇs to geŶeƌate a 
peŶtaŵeƌiĐ stƌuĐtuƌe; theƌe aƌe fouƌ α-suďuŶit geŶes ;α1–4) and one 

β-subunit gene; the primary adult form of GlyR is composed of 

thƌee α1 suďuŶits aŶd tǁo β suďuŶits; 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 

http://themedicalbiochemistrypage.org/nerves.php#ach
http://themedicalbiochemistrypage.org/nerves.php#gaba
http://themedicalbiochemistrypage.org/nerves.php#glutamate
http://themedicalbiochemistrypage.org/nerves.php#glycine
http://themedicalbiochemistrypage.org/nerves.php#histamine
http://themedicalbiochemistrypage.org/nerves.php#5ht
http://themedicalbiochemistrypage.org/blood-coagulation.php
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Epinephrine  

synthesis pathway 
monoamine tyrosine 

ĐateĐholaŵiŶe ŶeuƌotƌaŶsŵitteƌ aŶd hoƌŵoŶe; ďiŶds to ďoth α- 

aŶd β-adrenergic receptors (GPCRs); produced in the adrenal 

medulla and some CNS cells; primary hormone of the fight-or-flight 

response of the sympathetic nervous system; is a major regulator 

of metabolic processes in numerous tissues; regulates heart rate, 

induces vasoconstriction and bronchodilation 

Norepinephrine  

synthesis pathway 
monoamine tyrosine 

ĐateĐholaŵiŶe ŶeuƌotƌaŶsŵitteƌ aŶd hoƌŵoŶe; ďiŶds to ďoth α- 

aŶd β-adrenergic receptors (GPCRs); produced in CNS by 

sympathetic nerves; major neurotransmitter function is in 

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) 

Dopamine  

synthesis pathway 
monoamine tyrosine 

within the CNS dopamine plays a major role in reward-motivated 

behavior such as feeding and drug-seeking behaviors; also involved 

in motor control; in the periphery dopamine regulates the release 

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 (CB1 and 

CB2) with highest affinity for CB1; CB1 is most abundant receptor in 

the CNS; classic response to CB1 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 A1, A2A, A2B, and A3 

ATP other   

as a neurotransmitter ATP is released from sympathetic, sensory 

and enteric nerves; binds to P2Y12 which is a member of the 

purinergic family of GPCRs (metabotropic receptors of which there 

are 12 genes in humans: P2Y1, 2, 4, 5, 6, 8, 9, 10, 11, 12, 13, 14; P2Y12 is 

primarily expressed on the surface of platelets; also binds to the 

ionotropic family of purinergic receptors (P2X) which consists of 

seven members (P2X1–7); 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 

 

  

http://themedicalbiochemistrypage.org/nerves.php#catecholamines
http://themedicalbiochemistrypage.org/aminoacidderivatives.php#tyrosine
http://themedicalbiochemistrypage.org/nerves.php#catecholamines
http://themedicalbiochemistrypage.org/aminoacidderivatives.php#tyrosine
http://themedicalbiochemistrypage.org/nerves.php#catecholamines
http://themedicalbiochemistrypage.org/aminoacidderivatives.php#tyrosine
http://themedicalbiochemistrypage.org/endocannabinoids.php
http://themedicalbiochemistrypage.org/aminoacidderivatives.php#no
http://themedicalbiochemistrypage.org/signal-transduction.php#gc
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Receptors 

Apoptosis 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. 

EPSP Excitatory Postsynaptic potential. A geƌjesztő NT-ek hatásáƌa a Na+
 ĐsatoƌŶák ŵegŶǇílŶak  Na

+ 

 
 ioŶok áƌaŵlaŶak a posztsziŶaptikus ŶeuƌoŶďa  a ŶǇugalŵi poteŶĐiálhoz képest eŵelkedik a 

  ŵeŵďƌáŶpoteŶĐiál  ŶagǇoďď ǀalséggel keletkezik akĐiós poteŶĐiál 

Ionotropic receptors 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: GABAA receptor, glycine receptor 

  nAChR Functional roles: execution of movement and autonomic functions, modulation of CNS networks  

   via pre- and postsynaptic regulation 

IPSP Inhibitory Postsynaptic potential. A gátló tƌaŶszŵitteƌek hatásáƌa a Cl- és K+
 ĐsatoƌŶák ŵegŶǇílŶak 

   Cl
-
 ioŶok áƌaŵlaŶak a posztsziŶaptikus ŶeuƌoŶďa és K+

 ioŶok áƌaŵlaŶak a sziŶaptikus ƌésďe  a 

  ŶǇugalŵi poteŶĐiálhoz képest ĐsökkeŶ a ŵeŵďƌáŶpoteŶĐiál  kiseďď ǀalséggel keletkezik akĐiós 

  poteŶĐiál 

Metabotropic Transmitter receptors that are coupled to GTP-binding proteins (G proteins) via their intracellular  

receptors 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 , and  subunits  the  subunit with the bounded GTP dissociates 

    and affects second messengers 

   – e.g.: muscarinic acetylcholine receptor (mACh), metabotropic glutamate, dopamine  
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Necrosis Steps: plasma membrane and the nuclear membrane becomes irregular  small blebs form  

  the blebs fuse and become larger  the Đell ŵeŵďƌaŶe ƌuptuƌes aŶd ƌeleases the Đell’s ĐoŶteŶt. 

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 ionotropic receptors. 
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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, 

  the mesoderm that forms muscle and bone, and the endoderm that will form 

  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  

  mesoderm signals ectodermal cells above it to lengthen into columnar neural plate cells. 

 

Neural tube The eŵďƌǇo’s pƌeĐuƌsoƌ 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. 

 

 

 

 

 

 

 

 

 

 

 

 

  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. 

 

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. 
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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. 

 

 

 

 

 

 

 

 

 

 

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. 

 

 

 

 

 

 

 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 ;haláŶtéki -) 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 ;oldalsó kaŵƌaͿ. 
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. 

 

  

 Development of telencephalon 

 

Derivatives of prosecephalon  
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Spinal cord 

Spinal cord Cylindrical structure, slightly flattened dorsoventrally that IS enclosed by the meninges 

  ;agǇháƌtǇákͿ. 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. 

Spinal meninges 2 types: pachimeninx and leptomeminx. The pachimeninx is formed by the dura mater ;keŵéŶǇ 

  agǇháƌtǇaͿ. 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 ;felfüggesztettͿ and floats in the CSF. Caudal to termination of the spinal cord, the 

  meninges ;háƌtǇákͿ surround the bundles of the dorsal and ventral roots (cauda equina) of 

  lumbosacral segments. This is the preferred locus of lumbar puncture ;luŵďálásͿ. 

Units of spinal cord 1. Grey Matter: – located centrally within the spinal cord; butterfly-shaped 

   – composed of neurons and glial cells 

  2. White Matter:   peripheral location, surrounding the grey matter 

      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  

     ;ágakͿ. Theƌe aƌe ϯϭ segŵeŶts: ϴ ĐeƌǀiĐal ;ŶǇakiͿ, ϭϮ thoƌaĐiĐ ;hátiͿ, ϱ luŵďaƌ  
     ;ágǇékiͿ, ϱ saĐƌal ;keresztcsonti) and 1 coccygeal (farokcsigolya) 

 

Dermatomes Well-defined and shaped segmented regions of the skin which are innervated by the sensory 

  components of a given pair of spinal nerves. 

Muscle innervation 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
th

 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 (S2-S4) 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 I and II. This kind of sensory information is relayed further 

   to the thalamus via the crossed spinothalamic tract. 
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Tracts of the spinal cord 

 

AsĐeŶdiŶg ;felszállóͿ traĐts: 

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

 2. Fasciculus Cuneatus: sensory  light touch, vibration, 2-point discrimination, position sense 

  4. Dorsal Spinocerebellar Tract: coordination of movements and posture 

  5. Ventral Spinocerebellar Tract: coordination of movements 

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

DesĐeŶdiŶg ;leszállóͿ traĐts: 

 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 

 

 

 

 

 

 

 

 

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 ;izoŵoƌsóͿ, intrafusal muscle fibers, nuclear bag and nuclear  

    chain receptors 

   3. afferent path: Ia and II type nerve fibers of sensory ganglion cells 

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

   5. efferent path: axons of alpha motoneurons 

   6. effector structure: extrafusal muscle fibers  

     of the muscle 

   7. compensatory action: shortening of the muscle 
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Flexor reflex 

Flexor reflex Fájdaloŵ éƌzékelése esetéŶ a ǀégtagot ƌöǀidítő ƌefleǆ. 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 (azoŶos oldali hajlítás és elleŶtétes oldali 
   feszítés) 
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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) 

 

*Sziŵpatikus idegƌeŶdszeƌ: Hatásáƌa a szíǀƌitŵus fokozódik, a ďőƌ és a ďelek aƌteƌiolái összehúzódŶak, a ǀázizŵoké 
kitágulŶak, és a ǀéƌŶǇoŵás eŵelkedik. A ǀéƌ eloszlása ŵegǀáltozik úgǇ, hogǇ ĐsökkeŶ a ďőƌ és a gǇoŵoƌ-ďél ƌeŶdszeƌ 
(gastrointestinalis tƌaĐtusͿ ǀéƌellátása, töďď ǀéƌ keƌül az agǇďa, a szíǀďe és a ǀázizŵokďa. Ehhez táƌsul ŵég, hogǇ a 
sziŵpatikus idegek a pupillákat kitágítják; gátolják a höƌgők, a ďelek és a hólǇag faláŶak siŵaizoŵzatát; záƌják a 
záƌóizŵokat ;sphiŶĐteƌeketͿ. A szőƌszálak fölŵeƌedŶek és ǀeƌejtékezés iŶdul ŵeg. 

*Paraszimpatikus idegrendszer (ha nincs para): Működése az eŶeƌgia ŵegőƌzéséƌe és újƌateƌŵeléséƌe iƌáŶǇul. A 
szíǀƌitŵus ĐsökkeŶ, a pupillák összeszűkülŶek, a peƌisztaltika és a ŵiƌigǇek kiǀálasztó ŵűködése fokozódik, a záƌóizŵok 
ŵegŶǇílŶak, és a hólǇag siŵaizoŵzata összehúzódik.  
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Brainstem 

 

 

 

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. 
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Cranial nerves exiting the brainstem: 

  

 

The 4
th

 ventricle 
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Rhomboid fossa A rhombus-shaped depƌessioŶ ;ďeŵélǇedésͿ that is the aŶteƌioƌ paƌt of the ϰth
 ventricle. 

  Its anterior wall, formed by the back of the pons and the medulla oblongata, constitutes the floor 

  of the 4
th

 ventricle.
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Formatio reticularis = agǇtöƌzsi hálózatos álloŵáŶǇ: Ŷeŵ külöŶül el a fehéƌ- és szüƌkeálloŵáŶǇ. Ez a képlet felel az 

  éďƌeŶlét, az izoŵtóŶus kialakításáéƌt 
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Cerebellum 

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

components build up the 2 symmetrical hemispheres and the vermis ;kisagǇféƌegͿ ǁedged ďetǁeeŶ theŵ.  

 

 

 

 

 

 

 

 

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 

Deep nuclei: the incoming afferent axons give excitatory collaterals to the deep 

nuclei. They receive the heaviest innervation from the Purkinje cells. The 

cortical input to the deep nuclei is inhibitory, utilizing GABA for 

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 

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 

cortical afferents. The inferior peduncle establishes communication with the 

spinal cord and structures located in the caudal part of the brainstem. 
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3 layers: 

 molecular layer: poor in cells, but densely innervated by axon bundles 

 Purkinje cell layer: contains the cell bodies of Purkinje cells 

 granule cell layer: packed by small sized neurons 

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

cells mainly to deep cerebellar nuclei. 

Fibers: 

  

Climbing fibers arising from the inferior olive of the medulla wrap around the 

dendrites of the Purkinje cell establishing multiple synaptic contacts. 

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

Purkinje cell axon. 

JeleŶtőség: 
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Cranial nerves 

12 pairs with sensory, motor and autonomic functions. The olfactory (I) and optic (II) nerves are associated with 

prosencephalic derivatives, the rest belongs to the brainstem. 

Sensory function: I, II, VIII – they 

modulate smell, vision, balance and 

hearing. 

Motor function: III, IV, VI, XI, XII – they 

enable eye movements, movement of 

the shouldeƌ giƌdle ;ǀállöǀͿ, sǁalloǁiŶg 
and speech. 

Mixed functions: V, VII, IX, X. Trigeminal 

(V) controls many sensory processes 

from the head region and regulates the 

muscles of mastication. 

 

Dominant parasympathetic components: III, VII, IX, X. The vagus nerve (X) provides parasympathetic control of the body 

including the regulation of the lungs and the heart. 
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Functions of parasympathetic cranial nerves 

 III. oculomotor: ĐoŶstƌiĐts pupil, leŶs aĐĐoŵŵodatioŶ ;pupillaszűkítés, leŶĐse alkalŵazkodásͿ 
 VII. faĐial: laĐƌiŵatioŶ ;köŶŶǇezésͿ, Ŷasal glaŶd seĐƌetioŶ, saliǀatioŶ ;ŶǇálképzésͿ 
 IX. glossopharyngeal: salivation 

 X. vagus: gland secretion, peristalsis 
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Diencephalon 

Develops from the prosencephalic vesicle, its cavity is the 3
rd

 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
rd

 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. elülső leŵez 

Ϯ. a ϯ. agǇkaŵƌa elülső fala 

ϯ. látóideg-keƌeszteződés 

ϰ. a ϯ. agǇkaŵƌa feŶekéŶek 

      lefelé ďoltosulása 

ϱ. eŵlőtest 
6. hipotalamusz-ďaƌázda 

7. thalamus 

8. epithalamus 

 

 

 

Harmadik agykamra: ƌés a kétoldali talaŵusz között. Elől a páƌos oldalkaŵƌákkal áll összeköttetésďeŶ a MoŶƌo-féle 
ŶǇílások közǀetítéséǀel, hátul az ;aƋueduĐtus ĐeƌeďƌiͿ a ŶegǇedik agǇkaŵƌáǀal köti össze. Üƌegét epeŶdǇŵa ďéleli. Az 
elülső falát egǇ ǀékoŶǇ szüƌkeálloŵáŶǇ ƌéteg, a hatáƌleŵez ;laŵiŶa teƌŵiŶalisͿ alkotja. A hátsó fal a SǇlǀius-féle ĐsatoƌŶa 
;aƋueduĐtus ĐeƌeďƌiͿ ďeŶǇílása. Az oldalsó falát felül a talaŵusz, alul a hipothalaŵusz ŵedialis felszíŶe képezi, Ezt a két 
ƌészt egǇ ďaƌázda ;sulĐus hǇpothalŵiĐusͿ ǀálasztja el egǇŵástól. A kaŵƌa felső falát egǇ epeŶdǇŵa ƌéteg alkotja, aŵelǇ 
fölött a pia ŵateƌ kétƌétegű leŵeze található. Az utóďďiďaŶ futó aƌtéƌiák a középsík ŵiŶdkét oldaláŶ egǇ-egy sagittalis 

ĐsíkďaŶ ďetüƌeŵítik az epeŶdǇŵalis ƌéteget, és kialakítják a haƌŵadik agǇkaŵƌa éƌfoŶatát pleǆus Đhoƌoideus ǀeŶtƌiĐuli 
tertii, amely agy-geƌiŶĐǀelői folǇadékot ;liƋuoƌ ĐeƌeďƌospiŶalisͿ teƌŵel. A felső falďaŶ futŶak a ďelső agǇi ǀéŶák. Az 
agǇkaŵƌa felső fala felülƌől a ďoltozattal ;foƌŶiǆͿ és a kéƌges testtel ;Đoƌpus ĐallosuŵͿ éƌiŶtkezik. Az alsó falat ;aljzatot) a 

látóidegkeƌeszteződés ;Đhiasŵa optiĐuŵͿ, a tölĐséƌ ;iŶfuŶdiďuluŵͿ, és az eŵlőtestek ;Đoƌpus ŵaŵŵillaƌeͿ alkotják. Az 
agyalapi mirigy (hypophysis cerebri) a tölĐséƌ alsó ǀégéhez kapĐsolódik 

 

Talamusz: A haƌŵadik agǇkaŵƌa Ϯ oldaláŶ elhelǇezkedő oǀoid szüƌkeálloŵáŶǇ-töŵeg. Fogadja a fő éƌzőpálǇákat ;a 
szaglópálǇa kiǀételéǀelͿ, és átkapĐsolja őket az agǇkéƌeg ŵegfelelő közpoŶtjai felé. Szüƌke álloŵáŶǇát egǇ 
fehéƌálloŵáŶǇďól álló Y alakú függőleges leŵez háƌoŵ fő ƌészƌe osztja. A leŵezt olǇaŶ idegƌostok kötegei alkotják, 
aŵelǇek talaŵusz ŵagǀakat kötŶek össze. A talaŵusz ŵiŶd a háƌoŵ ƌésze talaŵusz ŵagokat: idegsejt-csoportokat 

taƌtalŵaz. Ezek ŶeuƌoŶjaiŶ töƌtéŶik ŵeg a pálǇák átkapĐsolódása. 
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Hipotalamusz: koŶtƌollálja az autoŶóŵ és az eŶdokƌiŶ 
rendszer ŵűködését, alapǀető szeƌepe ǀaŶ a 
hoŵeosztázis feŶŶtaƌtásáďaŶ. Közƌeŵűködik a 
testhőŵéƌséklet szaďálǇozásáďaŶ, a testfolǇadék ok 

ǀiszoŶǇlagosaŶ állaŶdó összetételéŶek ďiztosításáďaŶ, a 
táplálék- és ǀízfelǀétel elősegítéséďeŶ, a szeǆuális 
ǀiselkedés és az éƌzelŵi élet alakításáďaŶ. 

Szubtalamusz: szeƌep az izoŵaktiǀitás koŶtƌolljáďaŶ 

Epitalamusz: a toďozŵiƌigǇ száƌáďaŶ található ŵag.  

 

 

Hypothamaic nuclei: 

 

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.  

 

Sajátos fuŶkĐiója a ŶeuroszekréĐió: az egyik nagy sejtes magja (paraventricular nucleus) az antidiuretikus hormont 

;ADHͿ teƌŵeli, ŵíg a ŵásik (supraoptic nucleus) az oǆitoĐiŶt. Előďďi aŶǇag a ǀesékďeŶ a ǀíz ǀisszaszíǀódását fokozza ;és 
ǀéƌŶǇoŵáseŵelő hatása is ǀaŶͿ, az utóďďi a ŵéhizoŵzat összehúzódását és a tejelő eŵlő tejkiüƌítését segíti elő. 
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Telencephalon 

 

 

Functions of the frontal cortex: attention, behavior, problem solving, emotion, intellect, judgment; 

   coordinated movements, generalized mass movements, muscle movements, 

    skilled movements, sense of smell, physical reaction, sexual urges 

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 
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BroĐa’s aphasia BƌoĐa ďeszédzaǀaƌ: a séƌült ŵegéƌti a ŶǇelǀet, de ő ŵaga Ŷeŵ tud helǇeseŶ szaǀakat foƌŵálŶi: 
  ďeszéde lassú és egǇďefolǇó. 

WerŶiĐke’s aphasia WeƌŶiĐke ďeszédzaǀaƌ: a séƌült Ŷeŵ éƌti a ďeszédet; tisztáŶ, kiǀehetőeŶ képes ďeszélŶi, azoŶďan a 

  szaǀak egǇŵásutáŶja éƌtelŵetleŶ ;szó-salátaͿ. 

Basal ganglia TöƌzsdúĐok. MiŶdkét oldali agǇféltekéďeŶ ŵegtalálható, szüƌkeálloŵáŶǇďól álló töŵöƌülések. Az 

  agǇkéƌeg ďefolǇásolásáŶ keƌesztül koŶtƌollálják az izŵok ŵozgását. 
  Ezek: corpus striatum ;Đsíkolt testͿ, Đoƌpus amygdaloideum (mandulamag). 

Corpus striatum A talaŵusztól lateƌálisaŶ elhelǇezkedő töƌzsdúĐ, ŵelǇet a capsula interna ;foŶtos pálǇákat 
  taƌtalŵazó fehéƌálloŵáŶǇ-leŵezͿ oszt két ƌészƌe: a nucleus caudatusra ;faƌkas ŵagͿ és a nucleus 

  lentiformisra (lencsemag) 

Nucleus caudatus Nagy, C-alakú szüƌkeálloŵáŶǇ-töŵöƌülés, ŵelǇ a talaŵusztól oldalƌa helǇezkedik el, az oldalsó 

  agǇkaŵƌa hatáƌolásáďaŶ ǀesz ƌészt, aŶŶak göƌďületét köǀeti. Feji, testi és faƌki ƌésze ǀaŶ. A 

  faƌokƌész elöl, a ŵaŶdulaŵagďaŶ ǀégződik. 

Nucleus lentiformis Az agǇfélteke fehéƌálloŵáŶǇáďa ŵélǇeŶ ďeágǇazott, szüƌkeálloŵáŶǇďól álló képlet. 

Corpus A liŵďikus ƌeŶdszeƌ ƌésze, a haláŶtékleďeŶǇďeŶ elhelǇezkedő töƌzsdúĐ. BefolǇásolŶi tudja a 

amygdaloideum szeƌǀezetŶek a köƌŶǇezeti ǀáltozásokƌa ďeköǀetkező ǀálaszƌeakcióit. Féleleŵ hatásáƌa pl. ŵeg 

  tudja ǀáltoztatŶi a szíǀƌitŵust, a ǀéƌŶǇoŵást, a ďőƌszíŶt és a légzésszáŵot. 

Internal capsule: 
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Limbic system 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. 

 

 

 

Cerebral cortex 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: 

 

 

 

 

 

 

 

 

Pyramid neuron:  

 

 

 

 

 

Cortical column A Ŷeokoƌteǆ egǇsége. ~ϯϬϬµŵ ǁide aŶd has the height of the Đoƌteǆ ;Ϯ.ϱ-3 mm). Each hosts about 

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

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

  neurons of layer V establish the descending connections. 
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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 

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 

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. 

 

c) Termination – third order neurons 

The ascending medial lemniscus terminates in the ventral 

posterolateral nucleus of the thalamus. Cells of this nucleus 

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. 

 

  

  

origin of the 

medial lemniscus 

system 

  

  

 medial lemniscus 

 sensory 

decussation 

nucleus cuneatus 

nucleus gracilis 

  

  

posterior 

nerve roots 

fasciculus cuneatus 

  fasciculus gracilis 
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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 
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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. 
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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 ;káƌosodásͿ of the upper motor neuron pathways results in spastic paralysis ;göƌĐsös ďéŶulásͿ, exaggerated 

;túlzottͿ 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 töƌzsdúĐok káƌosodása ŵozgási zaǀaƌďaŶ 
mutatkozik meg.) 

Motor cortex The precentral gyrus contains it. It contains the primary 

  motor center, the supplementary motor cortex, the  

  prefrontal motor cortex and certain parietal lobe regions. 

  

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.  
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The information processed in the striatum is transmitted to the cerebral cortex. The cortex iŶĐoƌpoƌates ;egǇesítiͿ the 
stƌiatal ŵessage aŶd ĐoŶǀeǇs ;átadͿ the outgoiŶg ŵotoƌ iŶfoƌŵatioŶ ǀia the ĐoƌtiĐospiŶal tƌaĐt. 
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Hippocampal formation  

;Hippokaŵpális ƌeŶdszeƌͿ 

Hippocampal Part of the limbic system. It is composed of the dentate gyrus ;fogazott tekeƌǀéŶǇͿ aŶd 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 ;ďelsőͿ 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. 
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Dentate gyrus It involves the molecular layer, the granule cell layer and the hilus ;ďeŵélǇedés, ŶǇílásͿ. IŶ its 

  subgranular zone adult neurogenesis occurs. 
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Hippocampus Diǀided iŶto ϯ seĐtoƌs: CAϭ ;Soŵŵeƌ’s seĐtoƌͿ, CAϮ aŶd CAϯ. Theƌe aƌe ϯ aƌĐhiteĐtuƌal laǇeƌs iŶ 

  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. 
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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. 

 

 

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. 

 

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 (I.) 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. 

 

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 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 mucous fluid produced by 

  special glands. 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 Binding of the ligand activates G-proteins that in turn 

  activate adenyl cyclase III generating cAMP. It is followed by the 

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

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

  of cilia. 

 

 

 

 

 

 

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

   layers; internal plexiform and granule cell layers. 

 

 

 

 

 

 

 

  Networking: It receives 2 kinds of AFFERENT inputs (they are both excitatory): the olfactory fibers from 

   olfactory epithelium and centrifugal fibers from the olfactory tubercle ;ŵultiszeŶzoƌos közpoŶtͿ. 
   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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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. 

 

 

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. 

 

 



60 

 

 

Processing of olfactory information: 

 frontal cortex: ĐoŶsĐious peƌĐeptioŶ of sŵell ;a szagok tudatos éƌzékeléseͿ 
 hypothalamus, amygdala: motivational and emotional aspects of smell 

 hyppocampus: odor memory 

 

 

 

 

 

 

 

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

[wiki]  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. 

Magyarul a szaglásról: 

A szaglás ƌeĐeptoƌai a felső oƌƌjáƌat 
szagló ŶǇálkaháƌtǇájáďaŶ ;ƌegio 
olfactoria) vannak. A szagló 
ŶǇálkaháƌtǇát töďďƌétegű szaglóháŵ 
fedi, aŵelǇ ďasalis sejtekďől, ŵagas, 
sáƌgásďaƌŶa pigŵeŶtet taƌtalŵazó, 
heŶgeƌ alakú táŵasztósejtekďől és az 
általuk öǀezett szagló háŵsejtekďől áll. 
A szagló háŵsejtek pƌiŵeƌ 
éƌzékháŵsejtek „kihelǇezett", ŵódosult 

ďipoláƌis idegsejtek. EgǇ ǀastag, szőƌ 
alakú, deŶdƌitikus ŶǇúlǀáŶǇuk ǀaŶ, 
aŵelǇ a táŵasztósejtek között a 
felületƌe töƌ, és ott kis göŵďöĐskékďeŶ, 
szaglóďuŶkókďaŶ ǀégződik. A 

göŵďöĐskéďől ϮϬ-Ϯϱ dď szaglószőƌ eƌed, aŵelǇ a háŵot ďoƌító ƌétegďe ǀaŶ ágǇazǀa. A szaglósejtek ĐeŶtƌális iƌáŶǇú 
Ŷeuƌitjai szaglóƌostokká egǇesülŶek, aŵelǇek a ƌostaĐsoŶt lǇukaiŶ át a kopoŶǇaüƌegďe, a szaglóhagǇŵáďa téƌŶek. A 
szagiŶgeƌt olǇaŶ illó aŶǇagok ŵolekulái keltik, aŵelǇek oldódŶak a háŵot ďoƌító, lipoidokďaŶ gazdag szeƌózus 

ŶǇálkaƌétegďeŶ. A szájüƌegďe keƌült aŶǇagok ;pl. feƌoŵoŶokͿ szagáŶak éƌzékeléséƌe alkalŵas a JaĐoďsoŶ-féle szeƌǀ. 
Falát ǀakoŶ ǀégződő, Đső alakú ŶǇálkaháƌtǇa ďéleli, aŵelǇ az oƌƌ- és a szájüƌeggel is közlekedik. 
Az iŶgeƌületi állapotďa jutó szaglósejtek akĐiós poteŶĐiáljai a sejtek aǆoŶjaiďaŶ - amelyek a rostacsont lyukain haladnak 

át - a szaglóhagǇŵáďa ;ďulďus olfaĐtoƌiusͿ jutŶak. Ezek alkotják az I. agǇidegpáƌt ;Ŷeƌǀus olfaĐtoƌiusͿ. Itt sziŶaptikus 
kapĐsolat alakul ki a köztes átĐsatoló sejtekkel és a kopoŶǇaalapi teƌület ősi szaglóŵezőjéďe, ǀalaŵiŶt a liŵďikus 
ƌeŶdszeƌďe sugáƌzó 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. 

 

Eyeball The light ray traverses through the following structures en route to the photoreceptors: 

   – cornea ;szaƌuháƌtǇaͿ 
   – anterior chamber (elülső szeŵĐsaƌŶok, ĐsaƌŶokǀízzel töltǀeͿ 
   – pupil 

   – lens (szemlencse) 

   – posterior chamber ;hátulsó szeŵĐsaƌŶokͿ 
   – vitreous body (üǀegtestͿ 
   – retina ;idegháƌtǇaͿ 
 

Fovea centralis Látógödöƌ: a ƌetiŶa ďeŵélǇedése a 

  sáƌgafolt ;ŵaĐula luteaͿ közepéŶ. 
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Retina 

 

Photoreceptors 

 

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 

 

1. optic nerve 

2. optic chiasm 

3. optic tract 

4. Lateral Geniculate Nucleus 

5. optic radiation 

6. primary visual cortex in the occipital lobe 

 

 

 

Magyarul a szeŵről:  
Két ƌészďől álló gǇűjtőleŶĐse típusú oďjektíǀǀel ƌeŶdelkezik. 
A külső a szaƌuháƌtǇa, a ďelső a szemlencse. A 

sziǀáƌǀáŶǇháƌtǇa ;iƌisͿ, aŵelǇ a szeŵ szíŶét is ŵeghatáƌozza, a szeŵďe lépő féŶǇ ŵeŶŶǇiségét ĐsökkeŶti. A 
sziǀáƌǀáŶǇháƌtǇa ŶǇílása a pupilla, melynek átŵéƌője a féŶǇeƌősségtől függőeŶ ǀáltozik, a féŶǇƌekesz szeƌepét tölti ďe. A 
ďelépő féŶǇsugaƌak áthaladŶak az üǀegtesteŶ ;Đoƌpus ǀitƌeuŵͿ és a ƌeĐeháƌtǇáƌa ;ƌetiŶaͿ fókuszálódŶak. EzutáŶ a 
közpoŶti idegƌeŶdszeƌ közƌeŵűködéséǀel alakul ki a kép. 
Az íŶhártya ;sĐleraͿ a szeŵgolǇó ƌostos ďuƌkáŶak hátsó ŶégǇötödét teszi ki. Rajta tapadŶak a szeŵizŵok és átfúƌja a 
szeŵideg. A felszíŶŶel páƌhuzaŵosaŶ ƌeŶdeződött kollagéŶ ƌostok hálózatáďól áll, eďďől adódik fehéƌ szíŶe ;a 
kötőháƌtǇáŶ át látható ƌésze a szeŵfehéƌjeͿ. 
A szaruhártya ;ĐorŶeaͿ a ƌostos ďuƌok elülső, ŵegkülöŶďöztetett ƌésze. Miǀel teljeseŶ átlátszó, és ŵögötte optikai 
közegek ;ĐsaƌŶokǀíz, ŵögötte az üǀegtestͿ ǀaŶŶak, ŵaga is – töƌőközegkéŶt – leŶĐsehatással ďíƌ. 

 

Az érhártya háƌoŵ fő ƌészďől áll: a tulajdoŶképpeŶi éƌháƌtǇáďól ;ĐhoƌoideaͿ és aŶŶak elülső száƌŵazékaiďól, a 
sziǀáƌǀáŶǇháƌtǇáďól ;iƌisͿ és a sugáƌtestďől ;Đoƌpus ĐiliaƌeͿ. 
A choroidae fuŶkĐioŶálisaŶ két foŶtos ƌétege ǀaŶ: a külső, pƌekapilláƌis aƌteƌiolákat és postkapilláƌis ǀéŶákat taƌtalŵazó 
ƌéteg ;laŵiŶa ǀasĐulosaͿ és a ďelső, az eŵďeƌi szeƌǀezet legsűƌűďď hajszáléƌhálózatát alkotó ƌéteg ;laŵiŶa 
ĐhoƌioĐapillaƌisͿ. Ez utóďďit az idegháƌtǇától Đsak egǇ alapháƌtǇa ǀálasztja el, ígǇ ezeŶ keƌesztül ŶagǇoŶ foŶtos szeƌepet 
játszik a ƌetiŶa tápaŶǇagellátásáďaŶ és gázĐseƌéjéďeŶ. 
A sziǀáƌǀáŶǇháƌtǇa (írisz) alapját egǇ fiŶoŵ kötőszöǀetes álloŵáŶǇ képezi, aŵelǇďeŶ két elleŶtétes hatású siŵaizoŵ, a 
pupillaszűkítő izoŵ ;ŵusĐulus sphiŶĐteƌ iƌidis ;pupillaeͿͿ és a pupillatágító izoŵ ;ŵusĐulus dilatatoƌ pupillaeͿ található. 
Ezek hajtják ǀégƌe a pupilla féŶǇƌe alkalŵazkodásáŶak, illetǀe egǇéď ƌefleǆeiďől ;akkoŵodáĐiós ƌefleǆͿ köǀetkező szűkítő 
és tágító ƌeakĐióit. Kettős ;sziŵpatikus és paƌasziŵpatikusͿ ďeidegzését az autoŶóŵ idegƌeŶdszeƌďől kapja. Szimpatikus 

túlsúlǇƌa a pupilla kitágul, ŵíg paƌasziŵpatikus túlsúlǇƌa ďeszűkül. 
A sugáƌtest ;corpus ciliareͿ a sziǀáƌǀáŶǇháƌtǇa ŵögött elhelǇezkedő, alapjáďaŶ siŵaizoŵďól álló képződŵéŶǇ. Eƌƌe ǀaŶ 
felfüggesztǀe fiŶoŵ ƌostokkal a szeŵleŶĐse. Széli ŶǇúlǀáŶǇai ;pƌoĐessus ĐiliaƌesͿ éƌďeŶ gazdagok, és folǇadékot, a 
ĐsaƌŶokǀizet teƌŵelik. A sugáƌtest izŵai a szaƌuháƌtǇa–íŶháƌtǇa hatáƌáŶ eƌedŶek ;teƌŵészeteseŶ a köƌköƌös ƌostok 
kiǀételéǀelͿ. Aďďól köǀetkezőeŶ, hogǇ eƌƌe ǀaŶ felfüggesztǀe a szeŵleŶĐse, alapǀető szeƌepe ǀaŶ az akkoŵodáĐióďaŶ ;a 
szeŵ optikájáŶak táǀolsághoz ǀaló alkalŵazkodásáďaŶͿ. NǇugalŵi helǇzetďeŶ ;ŶagǇ táǀolságƌa alkalŵazkodásͿ, helǇzete 
léŶǇegéďeŶ passzíǀ, azaz eleƌŶǇedt állapotďaŶ ǀaŶ, ígǇ a szeŵleŶĐse a szeŵ ďelső ŶǇoŵása köǀetkeztéďeŶ kifeszül 
;töƌőeƌeje ĐsökkeŶͿ. Közelƌe Ŷézéskoƌ a sugáƌtest izŵaiŶak ŵegfeszülése ĐsökkeŶti a szeŵleŶĐséƌe ható feszítő hatást, 
aŵi ƌugalŵasságáŶál fogǀa összehúzódǀa doŵďoƌúďď lesz, töƌőeƌeje Ŷő, ígǇ a látott képet a ƌetiŶáƌa fókuszálja. 
Beidegzését sziŶtéŶ az autoŶóŵ idegƌeŶdszeƌďől kapja. 
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A szeŵ legďelső ďuƌka az idegháƌtǇa ;retina). A ƌetiŶa féŶǇéƌzékeŶǇ ƌeĐeptoƌokat taƌtalŵazó ƌésze a szeŵgolǇó hátsó 
kéthaƌŵadáďaŶ ǀaŶ ŵeg, ez előtt egǇ hulláŵos ǀoŶal ;oƌa seƌƌataͿ ŵeŶtéŶ féŶǇéƌzékeŶǇ ƌeĐeptoƌait és ƌétegezettségét 
elǀeszti, és pigŵeŶtháŵ ƌéteggé alakul. Töďďek között a pigŵeŶtháŵ ƌétegek teszik a szeŵet féŶǇképezőgéphez 
hasoŶlítható sötétkaŵƌa ;Đaŵeƌa oďsĐuƌaͿ jellegűǀé. Háƌoŵ egǇŵás utáŶ kapĐsolt ŶeuƌoŶ láŶĐolatai alkotják. Az első 
;legkülsőͿ a Đsap- és pálĐikasejtek ŶeuƌoŶja, aŵelǇekŶek ƌészei a féŶǇéƌzékelő ƌeĐeptoƌok. Ezek iŶgeƌülete egǇ ďipoláƌis 
köztes ŶeuƌoŶƌa teǀődik át, aŵelǇ a jeleket a haƌŵadik ŶeuƌoŶƌa, a ŶagǇ idegsejtekƌe toǀáďďítják. Ez utóďďiak 
összeszedődő, ĐeŶtƌális ŶǇúlǀáŶǇai alkotják a látóideget, ŵelǇŶek ƌostjai a látóidegkeƌeszteződéseŶ keƌesztül, ŵajd a 
látókötegďe folǇtatódǀa az oldalsó téƌdes test ŶeuƌoŶjaiƌa kapĐsolódik át. A köztes ŶeuƌoŶok ŵáskéŶt ǀiselkedŶek a 
csap- és pálĐikasejtek esetéďeŶ. ElőďďiekŶél az iŶgeƌületátteǀődés egy-egǇ aƌáŶǇú ;liŶeáƌis kapĐsolatͿ, ŵíg az 
utóďďiakŶál egǇ köztes ŶeuƌoŶ töďď pálĐikasejt iŶgeƌületét is összegǇűjti ;koŶǀeƌgáló kapĐsolatͿ. Ez is a ŵagǇaƌázata 
aŶŶak, hogǇ a Đsapok az éles látásďaŶ, ŵíg a pálĐikák a kis féŶǇeƌőŶél töƌtéŶő látásďaŶ játszaŶak ŵeghatáƌozó szeƌepet. 
A ƌetiŶáďaŶ oldaliƌáŶǇú ;asszoĐiáĐiósͿ kapĐsolatokat ďiztosító és szaďálǇozó ŵűködéseket ellátó ŶeuƌoŶok, ǀalaŵiŶt 
táŵasztó sejtek is ǀaŶŶak. 
A ƌetiŶáďaŶ a féŶǇ éƌzékeléséƌe szolgáló speĐiális fotoreceptorok, pálĐikák és Đsapok találhatók. A pálĐikák az 

alaĐsoŶǇaďď iŶteŶzitású féŶǇƌe is éƌzékeŶǇek, az eƌőseďď féŶǇiŶgeƌt igéŶǇlő csapok a szíŶlátást és az éles látást 
szolgálják. Az úgǇŶeǀezett sáƌgafoltďaŶ ;ŵaĐula luteaͿ leǀő látógödöƌďeŶ ;foǀea ĐeŶtƌalisͿ Đsak töŵötteŶ egǇŵás ŵellé 

ƌeŶdeződött Đsapok ǀaŶŶak, ez az éles látás helǇe. A Đsap- és pálĐikasejtek kültagjaiďaŶ isŵétlődő 
sejtŵeŵďƌáŶkoƌoŶgok találhatók, aŵelǇek ŵeŵďƌáŶjaiďaŶ féŶǇéƌzékeŶǇ festékaŶǇagok ;ƌodopsziŶokͿ ǀaŶŶak. Aŵikoƌ 
a ŵegfelelő hulláŵhosszú féŶǇ éƌi ezeket a festékaŶǇagokat, ŵolekuláik ŵegǀáltozŶak, és iŶgeƌületďe hozzák az adott 
ƌeĐeptoƌok egész ŵeŵďƌáŶƌeŶdszeƌét. 

A sárgafolt (macula luteaͿ a szíŶlátás helǇe a ƌetiŶáŶ. A látóidegfőtől ;ǀakfoltͿ oldalƌa található. BeŶŶe helǇezkedik el a 
látógödöƌŶek ;foǀea ĐeŶtƌalisͿ Ŷeǀezett ďeŵélǇedés, aŵelǇ az éleslátáséƌt felelős. 

A szemlencse álloŵáŶǇáďaŶ koĐsoŶǇásaďď kéƌegálloŵáŶǇ ;Đoƌteǆ leŶtisͿ és töŵötteďď ŵag ;ŶuĐleus lentis) 

külöŶďöztethető ŵeg. A leŶĐse ƌugalŵas képződŵéŶǇ, aŵelǇ ellazult állapotďaŶ összeugƌik, azaz doŵďoƌúsága 

Ŷöǀekszik. A leŶĐseŵag az életkoƌƌal Ŷöǀekszik, ettől ƌugalŵassága ĐsökkeŶ, ezzel laposaďď állapotďaŶ ƌögzül, töƌőeƌeje 
kiseďď lesz. A leŶĐse széléŶ köƌköƌöseŶ elöl és hátul fiŶoŵ függesztő ƌostok tapadŶak, aŵelǇek egǇŵással keƌeszteződǀe 
a sugáƌtest ŶǇúlǀáŶǇai között elleŶtétes oldaloŶ ;azaz hátul és elölͿ ƌögzülŶek. Aŵikoƌ a sugáƌtest izoŵzata eleƌŶǇedt 
állapotďaŶ ǀaŶ, a leŶĐsefüggesztő ƌostokoŶ keƌesztül a szeŵ ďelső ŶǇoŵása a leŶĐsét ŵegfeszíti és laposaďďá teszi, ígǇ 
töƌőeƌeje ĐsökkeŶ, azaz táǀollátásƌa ǀaŶ ďeállítódǀa. A köƌďeŶ elhelǇezkedő leŶĐsefüggesztő ƌostok ;zoŶula ĐiliaƌisͿ 
között közlekedik egǇŵással az elülső és hátsó szeŵĐsaƌŶok teƌe. 
Alkalŵazkodás: a szeŵ ŶǇugalŵi állapotďaŶ táǀolƌa Ŷézésƌe ďeállítódott állapotďaŶ ǀaŶ. Közelƌe Ŷézéshez a szemlencse 

töƌőeƌejéŶek fokozásáƌa ǀaŶ szükség. Ezt a szeŵ azzal éƌi el, hogǇ a sugáƌtest izoŵzata összehúzódik, ezzel joďďaŶ 
kieŵelkedik, és a leŶĐsefüggesztő ƌostok ellazulŶak. A szeŵleŶĐse teƌŵészetes ƌugalŵasságáŶál fogǀa doŵďoƌúďďá 
ǀálik, töƌőeƌeje fokozódik. Az alkalŵazkodás ;aĐĐoŵodatioͿ tehát a sugáƌizoŵ ;ŵusĐulus ĐiliaƌisͿ aktíǀ ŵűködéséŶ és a 
szeŵleŶĐse ƌugalŵasságáŶ alapul. Az életkoƌƌal az utóďďi ĐsökkeŶ, eŵiatt alakul ki az időskoƌi táǀollátás ;pƌesďiopiaͿ. 

Az üvegtest (corpus vitreum) optikailag teljeseŶ átlátszó, sejtes szeƌkezetet Ŷeŵ ŵutató koĐsoŶǇás aŶǇag. NagǇ ƌésze 
ǀíz ;ϵϬ%Ϳ, aŵelǇďeŶ ŶéháŶǇ speĐiális fehéƌje ŵellett hialuƌoŶsaǀ található. Elöl a hátsó szeŵĐsaƌŶoktól egǇ hatáƌháƌtǇa 
ǀálasztja el. A ƌetiŶa felé hatáƌháƌtǇája ŶiŶĐs. A szeŵ ďelső ŶǇoŵásáŶak közǀetítéséǀel szeƌepet játszik a szeŵgolǇó 
alakjáŶak feŶŶtaƌtásáďaŶ. A szeŵ séƌülése soƌáŶ esetleg elǀesztett üǀegtestálloŵáŶǇ Ŷeŵ pótlódik. 

A szemcsarnokok ;Đaŵeƌae ďulďiͿ a szaƌuháƌtǇa ŵögött az üǀegtest elülső hatáƌháƌtǇájáig teƌjedő, ǀíztiszta, átlátszó 
folǇadékkal, ĐsaƌŶokǀízzel ;huŵoƌ aƋuosusͿ kitöltött teƌek. A teƌeket a sziǀáƌǀáŶǇháƌtǇa osztja elülső és hátsó 
szeŵĐsaƌŶokokƌa. A két ƌész közötti összeköttetés a pupilláŶ keƌesztül ǀalósul ŵeg, ďáƌ eŶŶek előtte a ĐsaƌŶokǀízŶek át 
kell haladŶia a sziǀáƌǀáŶǇháƌtǇa hátsó felszíŶe és a leŶĐse közötti kapilláƌis ƌéseŶ. A ĐsaƌŶokǀíz a hátsó szeŵĐsaƌŶokďaŶ 
a sugáƌtest ŶǇúlǀáŶǇaiŶak eƌeiďől szűƌődik ki, ŵajd a pupilláŶ keƌesztül a szaƌuháƌtǇa és a sziǀáƌǀáŶǇháƌtǇa közötti elülső 
szemcsaƌŶokďa jut, ahol a sziǀáƌǀáŶǇháƌtǇa ƌögzüléséŶél, a szaƌuháƌtǇa és íŶháƌtǇa találkozásáŶál ;ĐoƌŶeosĐleƌalis hatáƌͿ 
léǀő sajátos képződŵéŶǇeŶ keƌesztül felszíǀódǀa ǀisszakeƌül a ǀéŶás ǀéƌďe. A ĐsaƌŶokǀíz teƌŵelődéséŶek és 
ǀisszaszíǀódásáŶak diŶaŵikus egǇeŶsúlǇa taƌtja feŶŶ a szeŵ ďelső ŶǇoŵását, aŵelǇ ŵegközelítőleg ϮϬ ŵŵHg. 
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Cochlear and vestibular systems 

(Halló és egǇeŶsúlǇozó ƌeŶdszeƌ) 

Fluids in the The cochlear canals contain two types of fluid: perilymph and endolymph. Perilymph has a similar 

inner ear 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. 

  

Auditory system Sound causes vibration of the tympanic membrane ;doďháƌtǇaͿ that is transmitted via the otic  

  ossicles ;hallóĐsoŶtoĐskákͿ to the peƌilǇŵphatiĐ fluid. It generates a spreading wave in the  

  cochlear duct ;hallójáƌatͿ filled ǁith eŶdolǇŵph. As a ƌesult, 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. 

Vestibular system It senses linear acceleration, deceleration and angular rotation of the head. There are receptors in 

  the utƌiĐle ;töŵlőĐskeͿ, saĐĐule ;zsákoĐskaͿ aŶd the seŵiĐiƌĐulaƌ ĐaŶals ;félköƌös íǀjáƌatok, ϯͿ. 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 
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Signal propagation Sound causes vibration of the tympanic membrane which is 

transmitted by a chain of tiny bones, the malleus ;kalapáĐsͿ, 
incus ;üllőͿ and stapes (kengyel) to the oval window of the 

cochlea (csiga). The basis of the stapes transmits 

the signal to the perilymph, a fluid filling the 

scala vestibuli and scala tympani compartments of 

the cochlea. The scala vestibuli starts at the 

oval window and the fluid filled membranous tube 

winds around the vertical axis of the cochlea, 

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 cochlear  

duct which is filled with endolymph. 

 

 

Corti organ Situated within the 

cochlear duct. It is 

built by sensory 

epithel hair cells and 

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. 

 

 

 

 

 

Hair cell activation Depending on the pitch ;haŶgŵagasságͿ 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 ;göƌďülésͿ 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 ďasilaƌ széleseďď, lazáďď ŵesszi ƌésze ƌeŵeg ďe  
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Auditory pathway 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 ĐeŶteƌ hátsó ƌészéŶ 

alacsony freki  a közpoŶt elülső ƌészéďeŶ 

 

 

Tonotopy 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 One of the two parts of the cerebral cortex linked to speech; the other is Broca's area. It is 

area involved in the production of written and spoken language. 
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Vestibular system The receptor structures of the vestibular system are located in the bony vestibule ;doďüƌegͿ and 

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

receptors built into the endolymph-filled utricle ;töŵlőĐskeͿ and saccule ;zsákoĐskaͿ. The angular 

rotation is monitored by hair cells of the crista ampullaris ;a háƌtǇás íǀjáƌatok kieŵelkedéseͿ, 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 töŵlőĐskéďeŶ és a zsákoĐskáďaŶ léǀő szőƌsejtek szőƌöket ďoĐsátaŶak ki, aŵelǇek ŵásik 
oldal ďe ǀaŶ ágǇazǀa a hallókő ŵeŵďƌáŶjáďaͿThe calcium concretions ;kőképződések) give 

the otolith membrane a higher specific gravity than the endolymph, and by bending the 

hairs ;a szőƌöket hajlítǀaͿ 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. 

Otolith Small particles, composed of a combination of a gelatinous matrix and calcium carbonate in the 

(hallókő)  viscous fluid of the saccule and utricle. The inertia ;tehetetleŶségͿ of these small particles causes 

  them to stimulate hair cells when the head moves. 

Otolithic membrane  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 

 

 

Magyarul az egyeŶsúlyozásról:  
A háƌtǇás fallal hatáƌolt, folǇadékkal telt laďiƌiŶtusszeƌǀ 
egǇik ƌésze, a töŵlőĐske és a zsákoĐska fejünk térbeli 
helyzetéről szolgáltat iŶfoƌŵáĐiót. Éƌzékszőƌökkel 
ƌeŶdelkező ƌeĐeptoƌsejtjei fölött koĐsoŶǇás ƌétegďe 
ágǇazódǀa apƌó ŵészszeŵĐsék helǇezkedŶek el. Ezek a 
kƌistálǇok súlǇukŶál fogǀa ŶǇoŵják az alattuk leǀő 
éƌzékszőƌöket. Ha a fej téƌďeli helǇzete ŵegǀáltozik, a 
szeŵĐsék ŵás iƌáŶǇďaŶ, ŵás sejteket iŶgeƌelŶek. 

Fejünk elfordulását, foƌgó ŵozgását a hároŵ félkörös 
ívjárat segítségéǀel éƌzékeljük. A félköƌös íǀjáƌatok 
egǇŵásƌa ŵeƌőlegeseŶ, a téƌ háƌoŵ síkjáďaŶ, félköƌ alakďaŶ 
göƌďülő Đsöǀek, ďelsejüket folǇadék tölti ki. Ha a fej 
elŵozdul, az elfoƌdulás síkjáďa eső íǀjáƌatďaŶ a folǇadék, 
tehetetleŶsége ŵiatt elleŶkező iƌáŶǇďaŶ áƌaŵlik. Az áƌaŵló 
folǇadék sodƌása ŵeggöƌďíti az íǀjáƌat ǀégéŶél leǀő 
ƌeĐeptoƌsejtek éƌzékszőƌeit. Ez kelti az iŶgeƌületet. 

A laďiƌiŶtusszeƌǀ ƌeĐeptoƌaiďól az iŶgeƌület az agǇideg 
rostjain halad a talamusz felé, ahoŶŶaŶ átkapĐsolás utáŶ a fali lebenyben található éƌzőŵezőďe és a ŵozgásszaďálǇozás 
közpoŶtjaiďa jut. ÍgǇ izŵaiŶk ŵűködtetéséǀel azoŶŶal ǀálaszolhatuŶk az iŶgeƌƌe. 



70 

 

 

A hallás és egǇeŶsúlǇozás szeƌǀe ;oƌgaŶuŵ ǀestiďuloĐoĐhleaƌeͿ összetett, kettős éƌzékszeƌǀ, egǇfelől a hallás, ŵásfelől az 
egyeŶsúlǇozás szolgálatáďaŶ áll. A haláŶtékĐsoŶt külső felületéŶ és a sziklaĐsoŶtďaŶ helǇezkedik el. 

A hallás szeƌǀe háƌoŵ ƌészďől áll: külső-, közép- és ďelső fülďől. Az egǇeŶsúlǇozás szeƌǀe a ďelső fülďeŶ található. 

A külső fül fülkagǇló + külső hallójáƌat a doďháƌtǇáig 

A középfül 

A haláŶtékĐsoŶt doďűƌi ƌészéďeŶ helǇeződő, ŶǇálkaháƌtǇáǀal ďélelt, leǀegőǀel telt üƌegďől: a külső és a ďelső fül közötti 
doďüregďől, ǀalaŵiŶt a doďháƌtǇát a ďelső füllel összekötő hallási ĐsoŶtoĐskákďól áll. A hallási ĐsoŶtoĐskák: a kalapáĐs, 

az üllő és a kengyel, a doďháƌtǇától az ovális aďlakig teƌjedő ĐsoŶtláŶĐolat, aŵelǇďeŶ a ĐsoŶtokat két ízület és szalagok 
kapĐsolják egǇŵáshoz. A doďháƌtǇa ƌezgéseit közǀetítik az oǀális aďlakoŶ át a ďelső fülďe. 
A fülkürt (tuba auditiva EustaĐhiiͿ a doďüƌeget a gaƌatüƌeggel összeköti, ezáltal a doďüƌeg a külǀilággal közlekedik, s a 
légŶǇoŵást a doďháƌtǇa ŵiŶdkét oldaláŶ kiegǇeŶlíti. 

A ďelső fül 

A sziklacsontban elhelyezkedő, egǇŵással közlekedő, ĐsoŶtos falú, ĐsoŶtháƌtǇáǀal ďélelt üƌegekďeŶ és jáƌatokďaŶ, a 
csontos labirintusďaŶ foglal helǇet. EzeŶ ďelül található a háƌtǇás falú szeƌǀ, aŵit hártyás labirintusnak neveznek. A 

háƌtǇás laďiƌiŶtus folǇadékďaŶ, periliŵfában, úszik. A háƌtǇás laďiƌiŶtust folǇadék, endolimfa, tölti ki; faláďaŶ a hallás és 
egǇeŶsúlǇozás ǀégkészülékei, ƌeĐeptorszervei foglalnak helyet. 

 

A csontos labirintus háƌoŵ ƌészďől áll: a toƌŶáĐ, a félköƌös íǀjáƌatok, a Đsiga. 
A torŶáĐ ;ǀestiďuluŵͿ göŵď alakú üƌeg, ŵelǇŶek ŵedialis faláŶ ďeeŵelkedő alaĐsoŶǇ léĐ Đsiga felőli öďlöt ;saĐĐuliͿ, és 
egǇ íǀjáƌatok felé eső öďlöt ;utƌiĐuliͿ külöŶít el egǇŵástól. 
A félkörös ívjáratok, aŵelǇek közeléďeŶ leǀő átlǇuggatott teƌületeŶ a háƌtǇás laďiƌiŶtusďól eƌedő idegek lépŶek ki, a 
toƌŶáĐďa ŶǇílŶak. RéseiŶ át a peƌiliŵfa a szuďaƌaĐhŶoideális folǇadékkal közlekedik. A ŵedialis faláŶ leǀő keƌek lǇukhoz a 
keŶgǇel talpa illeszkedik. A ĐsoŶtos íǀjáƌatok félköƌ alakú, szűk ĐsatoƌŶák, a toƌŶáĐ Đaudodoƌsalis felületéŶ tágulattal 
ŶǇílŶak. 
A csiga ;ĐoĐhleaͿ az étiĐsiga házához hasoŶló; teŶgelǇe köƌül spiƌálisaŶ Đsaǀaƌodó, a ǀége felé elǀékoŶǇodó Đső. A Đsiga 
üƌegéŶek spiƌális, leŵez alatti ƌekesze a doďűƌi lépĐső, afölötti ƌésze pedig a toƌŶáĐlépĐső. 
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A hártyás laďiriŶtus ǀékoŶǇ, kötőszöǀetes falú, üƌeges szeƌǀ. Fala ǀékoŶǇ, éƌdús, leŵezekďe ƌeŶdeződött kötőszöǀetďől 
;ďasalis ŵeŵďƌáŶͿ és egǇƌétegű háŵďól áll. A háŵ helǇeŶkéŶt speĐifikusaŶ diffeƌeŶĐiált éƌzéki háŵ, a hallás és 
egǇeŶsúlǇozás ǀégkészüléke. 
Részei: a töŵlőĐske, a zsákoĐska, a háƌtǇás íǀjáƌatok, a Đsigajáƌat. 
A töŵlőĐske (utriculus), a zsákoĐskánál ;saĐĐulusͿ ŶagǇoďď, tojásdad alakú. A zsákoĐska kiĐsi és keƌek; a kettőt 
egǇŵással szűk jáƌat köti össze. MiŶdkettő a toƌŶáĐďaŶ helǇezkedik el. 

A hároŵ hártyás ívjárat a ĐsoŶtos íǀjáƌat doŵďoƌú felületéhez siŵul, a jáƌatok aŵpullaszeƌű tágulattal a töŵlőĐskéďe 
szájadzaŶak. 

 

A Corti-féle szerv ;oƌgaŶuŵ spiƌaleͿ a hallás tulajdoŶképpeŶi ƌeĐeptoƌ szeƌǀe. Spiƌális szalag alakú; háŵja pilléƌ- és 
táŵasztósejtekďől ;éƌzéki háŵsejtek ǀagǇ szőƌsejtekͿ áll, aŵelǇek az alapŵeŵďƌáŶoŶ ;ŵeŵďƌaŶa ďasilaƌisͿ ülnek. A 

ďelső pilléƌsejteket egǇ, a külsőket ϯ-ϱ soƌ éƌzéki háŵsejt hatáƌolja, aŵelǇeket kíǀülƌől táŵasztósejtek öǀezŶek. 
Az éƌzéki háŵsejtek fölé az úŶ. Coƌti-féle háƌtǇa, ŵeŵďƌaŶa teĐtoƌia, ŶǇúlik ďe. A háƌtǇa a laďiuŵ ǀestiďulaƌéƌól eƌed, és 
a szőƌsejtek külső soƌa fölött szaďad szélďeŶ ǀégződik; Ŷedǀdús, koĐsoŶǇaszeƌű, háŵsejtkutikuláďól száƌŵazik, ǀázát 
ǀékoŶǇ fiďƌilluŵok hálózata adja. 

 

A haŶg érzékelése 

A hallás folǇaŵatáŶak adekǀát iŶgeƌe a hang. A külső hallójáƌatďaŶ ǀezetett haŶghulláŵok fƌekǀeŶĐiájukŶak ŵegfelelő 
ƌezgést kelteŶek a doďháƌtǇáŶ. EŶŶek elŵozdulásai kitéƌítik a hallási ĐsoŶtoĐskákat, ŵajd a haŶghulláŵok a keŶgǇel 
talpáŶak ƌezgései ƌéǀéŶ átteƌjedŶek a peƌiliŵfáƌa. A peƌiliŵfa folǇadékƌezgései a doďűƌi lépĐső ĐsúĐsáig teƌjedő, az 
aƌtéƌiás pulzushoz hasoŶló hulláŵokat kelteŶek. E hulláŵok a toƌŶáĐlépĐsőďeŶ folǇtatódŶak, ŵajd a Đsiga ĐsúĐsáƌól 
átteƌjed az eŶdoliŵfát taƌtalŵazó Đsigajáƌatƌa is. A haŶgƌezgés hatásáƌa a két ŵeƌeǀ leŵez, az alapháƌtǇa ;ŵeŵďƌaŶa 
ďasilaƌisͿ és a tetőleŵez ;ŵeŵďƌaŶa teĐtoƌiaͿ között eltolódás keletkezik, aŵi a hallószőƌöket elhajlítja. A szőƌsejtekďeŶ 
ezáltal keletkezett iŶgeƌületet a ďipoláƌis idegsejtek peƌifeƌikus szakasza ǀeszi át, és ĐeŶtƌális ǀelőhüǀelǇes 
ŶǇúlǀáŶǇaihoz toǀáďďítja. A ĐeŶtƌipetális ƌostok ;felǀéǀe a ǀestiďulaƌis készülékďől száƌŵazókat isͿ Ŷeƌǀus 
vestibulochlearis-sá ;VIII. agǇidegͿ egǇesülŶek, és a ŶǇúltǀelőďe jutŶak. Ott ƌészďeŶ keƌeszteződŶek, ŵajd a talaŵuszoŶ 
át az agǇkéƌeg haláŶtékleďeŶǇi teƌületéƌe futŶak. 

 

Az egyeŶsúlyozás készüléke és ŵűködése 

A ďelső fülďeŶ léǀő toƌŶáĐďól ĐsoŶtos jáƌatok iŶdulŶak ki, a töŵlőĐske, a zsákoĐska és a 3 félköƌös íǀjáƌat – 

ŵiŶdháƌoŵďa idegek lépŶek ďe. Az idegek a két előďďi ŵaĐula statiĐa-Ŷak, ill. az aŵpullákďaŶ a léĐŶek ;ĐƌistaͿ Ŷeǀezett 
ƌeĐeptoƌ teƌületeŶ ǀégződŶek. A ŵaĐula táŵaszósejtjei között éƌzékháŵsejtek ülŶek. Ezek ŶǇúlǀáŶǇai az egészet ďoƌító 
koĐsoŶǇás ƌétegďe ŶǇúlŶak. A ƌéteget ŵészkƌistálǇok ;statolithͿ ǀékoŶǇ ƌétege fedi. Az aŵpulláďaŶ egǇ ugǇaŶĐsak 
koĐsoŶǇás aŶǇagďól álló Đupula az, aŵelǇďe az éƌző szőƌök ďeŶǇúlŶak. 
A fej vagǇ a test ŵozgása ŵiatt, az eŶdoliŵfa tehetetleŶsége folǇtáŶ külöŶďöző ŵéƌtékďeŶ elhajlítja az aŵpullákďaŶ 
léǀő Đupulákat. Ez a szőƌsejtekďeŶ iŶgeƌületi állapotot kelt a ŵaĐulákďaŶ a le, fel, ill. az előƌe, hátƌa iƌáŶǇú ŵozgások 
ƌéǀéŶ ǀáltozik a statolith ƌéteg által okozott teƌhelés, aŵi iŶgeƌületet ǀált ki a koĐsoŶǇás ƌétegďe ágǇazott szőƌsejtekďeŶ. 

Az éƌzéksejtek iŶgeƌületét a ďipoláƌis gaŶglioŶsejtek ǀeszik fel és Ŷ.ǀestiďuloĐoĐhleaƌis ;VIIIͿ ƌészekéŶt előďď a 
ŶǇúltǀelőďe téƌŶek. IŶŶeŶ a kötegek ;tƌaĐtusͿ töďďfelé ǀezetŶek, ígǇ a kisagǇǀelő leďeŶǇéďe, a szeŵŵozgatató idegek 
duĐaihoz, a geƌiŶĐǀelői ŵozgatóidegek ŵagjaihoz és az agǇkéƌeghez fut ďe a test egǇeŶsúlǇi helǇzetéƌől iŵpulzus. 
MiŶdez egǇütt az állás- és ŵozgás kooƌdiŶáĐióhoz, ǀalaŵiŶt a szeŵŵozgások ďeállításához is ad iŶfoƌŵáĐiót. 


