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[Written during semester 2007 – v.1.00]



Exam Question 1 “Describe the body fluid compartments and explain the methods used for measurement of body fluid volumes” •



Definition of homeostasis o W.B. Cannon: constant status of human internal environment --> if disturbed --> can be fatal o Isovolemia --> liquid volume in body: 5.5 liter o Isoionia --> Concentration of Ions in normal state (esp. important: Na+ ions o Concentrations (IN mmol/L)



o o o •



Ion



Plasma



Serum



Interstitium



Na+



142



153



145



12



K+



4.3



4.6



4.4



140



Free ca2+



2.6



2.8



2.5



pH 7.38 - 7.42 Isoosmosis --> 300 mosmol/l Isothermia --> 37°C (human is isotherm); some animals are poikilotherm (T is depending on Tenviroment)



Extracellular Spaces o Intravascular --> inside the vessels o Interstitial --> wall of vessels is made up of cells --> spaces inbetween cells (very small) o Picture page 3 Thieme Exchange between fluid compartments • Numbers o Total Water Volume --> 600ml/kg (60%)  Extracellular --> 270 ml/kg • Interstitium --> 120 ml/kg



PHYSIOLOGY © D.A.T.Werner • Blood Plasma --> 45 ml/kg • Fibrous C.T. --> 45ml/kg • Bone --> 45 ml/kg • Transcellular --> 15/kg  Intracellular --> 330 ml/kg • Calculation of Volumes in human body (look also KIDNEY chapter for more details!!!!!) o Dilution Method following Stewart  V = S/C  Plasma Volume = Evans blue (60ml) / E.B. in plasma (0.02 mg/ml) o Total Volume  A) Drying (NOT IN HUMANS)  B) Dilution --> u need dyes which stain water • D2O • Antipyrin o Extracellular spaces  Saccharose  Mannit  Inulin  Izotop  --> all of them cannot pass through the membrane --> they stay outside the cells and mark only extracellular fluids o Intracellular spaces  No method --> u have to calculate the Vtotal – Vextrac o Interstitium  Extrac. – blood plasma o Blood Plasma  Evans Blue  J131  P=blood / Hematocrit



BLOOD



Exam Question 2 “Describe the major plasma proteins and the other nonelectrolytic constituents of blood and explain their function in the body” •



•



• • •



Blood Volume (7-9% of bodyweight) o Male: 5-6 l --> because more muscle in relation to BW --> muscle tissue has highest vascularization --> more bloodvessels per BW --> more blood; Testosteron stimulates erythropoeisis ? o Female: 4-5 l --> fat is not vascularized, do I need to say more, bitches? Estrogen does not affect erythropoesis Sedimentation rate (4-5mmHg (mercury per hour --> like in old thermometers) o The sedimentation rate of blood depends on its protein content --> if the protein content alters from normal  Liver could be affected --> important for protein synthesis  Tumor could be present --> tumor cells secrete high amounts of proteins Specific Gravity (1.045 – 1.065) o Depends on? --> what conclusions can be drawn? pH Level (7.38-7.42) o if disturbed --> can be fatal (alkydosis or acidosis) Temperature (38°C)
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PHYSIOLOGY © D.A.T.Werner o Fever • Blood viscosity o Measured in reference to Water (V=1) o 4.5-5.5 (depends on the amount of cells per volume blood) o E.g. if blood is dehydrated it becomes more viscous •



Blood composition o Only fluid body tissue o Composed of PLASMA + FORMED ELEMENTS o Formed Elements:  Red Blood Cells  White Blood Cells (u know which)  Platelets o Hematocrit --> percentage of RBCs per given Blood Volume (OR: packed cell volume)  44% --> homeostatic  30% --> anemia  70% --> polycythemia (can be e.g. caused by height change --> moving to mountain area --> lower O2 Air --> erythropoesis) OR Tour de France --> EPO injections o Plasma  Straw coloured liquid  Water  Solutes • Organic o Proteins o Metabolites o Hormones o Antibodies • Inorganic o Ions (most abundant cation: Na+; anions: CL-, HCO3-) • IMPORTANT: Plasma proteins (because of COO-, NH3+ groups) can carry net charges but at Isohydria most of them remain uncharged) o Plasma Proteins  1) ALBUMIN • Most abundant with 35-48 g/l --> makes up 60% of plasma proteins • Active in Transport • Regulates pressure • Regulates blood flow • Regulates fluid balance • Establishes colloid osmotic pressure (oncotic pressure) --> cannot cross capillary wall (!! Although this differs due to locations in the body, e.g. brain and liver !!) --> high C solute inside --> draws water into capillary • Main Protein Reserve (Patients in Hospitals get Albumin as intravenous nutrition --> protein shake for cubital vein!  2) Globulins • Alpha, beta --> synthetized by liver • Gamma --> synth. By plasma cell • 20-25 g/l (usually about 50% of albumin concentration) • Make up 35% of plasma proteins • Immunoglobulins (Antibodies) o Gamma globulin o 2 group specific heavy protein chains o 2 light chains linked by S-S bonds --> characteristic Y shape
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o



o For more details see some question about Immune system • Transport Globulins (alpha1, alpha2, beta) o Lipids o Hemoglobin o Iron o Cortisol o Cobalamins (WTF? --> Cyanocobalamin is metabolized to VITAMIN B12) 3) Fibrinogen • 2-4 g/l • Provides framework for blood clots



Serum 



o



Plasma which has been allowed to clot --> clot has been removed --> fibrinogen free plasma = serum Functions of Plasma proteins not mentioned so far:  pH regulation  Protein Metabolism



Exam Question 4 “The structure, function and origin of erythrocytes” •



Blood contains three groups of formed elements o Red Blood Cells  No nucleus  No organelles  120 days lifespan  Do not divide  Are being renewed by bone marrow (erythropoesis)  Turnover rate: 2*10(topower11)/day  Turnover time: 2.5*10(topower6)/s  Most abundant cell type in blood • Male: 4-5 mio/yl • Female: 3.5-4 mio/yl  Membrane contains spectrin --> protein which makes the cell flexible --> can squeeze even through smallest capillaries  Main function: gas transport • 33% of cytoplasm consists of Hemoglobin (red pigment) --> in detail below • Biconcave shape allows maximal surface/size relation in order to maximize binding area for Oxygen/CO2 • Contain Enzyme Carbonic anhydrase --> forms H2CO3 from CO2 + H2O --> plays an important role in CO2 transport and pH balance!!  Pathologic appearance • Too big --> VitB12 lack --> megaloblastic anemias such as pernicious anemia • Sickle shape --> HbS present --> after deoxygenation the Hb inside the RBCs sticks to each other --> acquire sickle like shape • Too small --> Iron lack --> microblastic anemia o White Blood Cells  Have nuclei  Have a few days lifespan in blood circulation  Are renewed in bone marrow o Platelets  Have no nuclei  Only cytoplasm
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Do not divide Are renewed by Megakaryocytes



•



Hemoglobin o Red pigment --> colour of blood o Concentrations  Male: 140-180 g/l  Female: 120-160 g/l o Consists of 2x alpha globin + 2x beta globin chains (under physiological conditions) o Each of the protein chain is conjugated with a Heme group --> Heme contains Fe2+ (it is an iron containing poryphyrin derivative) o Each Fe2+Heme can bind one molecule O2 --> One Hb molecule can carry FOUR molecules Oxygen o Reversibly binds O2 --> most of the O2 in blood is bound to Hb o Iron Affinity for O2 is dependent on  pH  Temperature  Concentration of 2,3 BPG (2,3 bisphosphateglycerate)  --> BPG and H+ compete with O2 for binding deoxygenated Hemoglobin  CO (Carbonmonoxide) binds to Hb with an affinity 275x higher then oxygen --> fatal (suicides are performed that way) o CO2 is also transported by Hb (back to the lungs) but it binds to the globin chain itself! o The lungs have a high pO2 therefore here O2 is predominantly bound to Hb (le châtelier principle) o The tissues have a high pCO2 --> CO2 is bound to Hb and O2 is released o Deoxygenated Hb is called reduced Hb o Hb carrying CO2 is called Carbaminohemoglobin o Newborns don’t have beta but gamma globin in their Hb --> it can take up oxygen much quicker (it binds way lesser 2,3 BPG) --> !! necessary because in the uterus pO2 is way less than in our environment o Hb can be turned into MetHb under the influence of drugs --> MetHb carries Fe3+ --> RBC takes up very dark colour --> blue colour during cyanosis results from it o Cyanosis  blue colour of blood which results from concentrations of reduced Hb over 5g/100ml blood o --> NADH Methaemoglobin reductase system converts it back to normal Hb --> ! if absent: hereditary methaemoglinemia o 0.3g Hb are destroyed/synthesized every day



•



Hematopoiesis o Differentiation, growth and release of newly formed elements in the bone marrow o In the adult: epiphysis of humerus and femur as well as in flat bones o Hemocytoblasts give rise to all formed elements o Erythropoesis  Well look it up in your histo notes..  IMPORTANT: The reticulocyte count (as done in the lab) gives important information about the oxygen needs of the body



•



Regulation of Erythropoesis o Erithropoietin --> hormone which stimulates the maturation and proliferation of RBCs o Secreted by liver in fetal life and the kidney (90%) in postnatal life o Inactivation takes place in liver o Response to its action take 2-3 days o In response to oxygen deficiency (e.g. high altitudes or increased hemolysis) its secretion increases and a higher number of RBCs are produced
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If not enough RBCs are present: hypoxia If too many RBCs are present: polycythemia Ep also depends on  Iron Concentration  Amino Acids available (diet)  Vitamin B12 --> special protein is necessary for its absorption in the small intestine (called intrinsic factor)  --> due to large storages, VIT B12 deficiency utters its symptoms after years



Exam Question 5 “Characterize the various leukocytes indicating their origins and functions” •



Yeah well look in your histo notes..



Exam Question 6 “Origin and Function of Blood Platelets” • •



• • • • • • •



•



•



Flattened, disk-like cell fragments of 1-4µm size Originate from Megakaryocytes (fragments of their cytoplasm) o Megakaryocytes are giant cells in the bone marrow which pinch of cytoplasmic parts --> enter circulation o Platelets don’t have nuclei Continuously renewed --> 9-12 days circulation in blood plasma before phagocytosed by macrophages in spleen 60-70% are in circulation 30-40% stored in spleen 215.000 /µl --> if too low: thrombocytopenia Very sensitive --> thrombocyte count in lab is very difficult Coated by a glycocalix coat --> repells the platelet from healthy endothelium Contain o Actin o Myosin o Glycogen o Lysosomes o Dense granules (also called delta granules)  Nonprotein substances --> secreted in response to platelet activation  --> serotonin, ADP, thromboxane A2 o Alpha granules  Clotting factors • Thrombocyte factors (metabolites of prostaglandins) • Factor XIII --> fibrin stabilization  PDGF --> stimulates wound healing --> potent mitogen for vascular smooth muscle Function o HEMOSTASIS --> prevent blood loss from damaged vessel wall o Also establish framework for further tissue repairs Hemostasis (Takes place in three phases) o In order to keep up a timeline the three phases are not mentioned in their numerical order! o After injury it takes 15 seconds for PHASE 2 (Platelet Phase) to initiate  Platelets attach to damaged surface --> contain a receptor in their membrane for exposed collagen fibers in the vascular wall --> if ruptured they are exposed  --> platelets are stimulated by the collagen and become activated
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o



o



o



--> release of ADP --> acts on receptors in platelet membrane --> further platelets become activated --> PLATELET AGGREGATION--> change in shape --> extension of long cytoplasmic processes  --> platelets stick together across the site of injury and form a temporary plug  --> release of thromboxane A2 --> vasoconstriction  --> release of serotonin --> vasoconstriction Vasoconstriction (PHASE 1 --> Vascular Phase)  Is initiated as mentioned above and is a long taking process (30 minutes) --> takes place WHILE the other two phases act  --> smooth muscle in wall of blood vessel contracts --> VASCULAR SPASM  --> blood flow slows down After formation of the initial clot --> PHASE 3 (Coagulation Phase)  Fibrinogen is converted to Fibrin which forms a meshwork across the initial plug (FOR MORE DETAILS see Question 8) FIBRINOGEN SYNTHEZIS IS INDEPENDENT OF VITAMIN K



Exam Question 7 “The basic structure and metabolism of haemoglobin and the metabolism of iron” • •



•



•



Look also Exam Question 4 --> Haemoglobin! Iron Metabolism o Adults loose only small amounts of iron  Men: 0.6 mg/d in stoole  Women: 1.2 mg/d in average due to menstruational bleedings o The body absorbs only as much iron from the diet as lost  20mg per diet --> 3%-6% ingested Mechanism of absorption o Almost all iron absorption takes place in duodenum o Iron can be absorbed in two ways  Heme-bound iron (e.g. in diet based on meat or fish) • Heme-Fe2+ is absorbed by HT (Heme Transporter) in apical membrane • Once inside the cell --> heme oxygenase cleaves Fe2+ from Heme and oxidizes it to Fe3+ o Mainly iron in the diet is in Fe3+ form but it can only be absorbed as Fe2+ (if it is NOT bound to heme)  --> enzyme ferrireductase and Vitamin C necessary for reduction --> found on surface of instestinal mucosa  --> Fe2+ then is transported into the cell by the H-symport carrier DMT1 (the Thieme book speaks of DCT1) --> in this transporter the iron competes with other 2+ Metals (Mn2+, Co2+, Cd2+) (!!Therefore a low pH gradient is necessary --> drives concentration gradient which pushes Fe2+ inside the cell) o Now the Iron is either stored or enters the bloodstream Iron Storage:  After intake of Fe2+ into the cell, it binds to a protein called “ferritin” which has a high binding capacity for Fe3+ molecules and provides rapidly available iron storage  Ferritin Iron stores are also present in the liver  --> can be seen under electron microscope  Iron is also stored in hemosiderin --> this is an accumulation of ferritin molecules in macrophages which digest cell particles --> ferritin accumulates in their lysosomes (found in liver too)  --> a too high accumulation of hemosiderin can cause hemosiderosis (Iron overload) --> pigmentation of skin changes --> this can damage tissues causing hemochromatosis
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•



•



Transport into the Bloodstream o Basolateral membrane of enterocytes (columnar cells lining small intestine mucosa) contains a transporter --> ferroportin 1 o Hephaestin (HP) is associated with it and facilitates the iron transport o In the Plasma the enzyme ceruloplasmin oxidizes Fe2+ to Fe3+ --> copper is a cofactor in this process o --> Fe3+ binds to apotransferrin (protein which transports iron) o --> apotransferrin is endocytosed by erythroblasts in the bone marrow with the help of transferrin receptors o --> apotransferrin also enters cell of liver and placenta Iron recycling o Once sorted out by the spleen, erythrocytes hemolyze and their Hb-Iron and Heme-Iron bind to  Haptoglobin --> binds to free Hb for transport  Hemopexin --> binds to free Heme for transport o --> these complexes are then engulfed by macrophages and stored Iron deficiency o Causes anemia because Hb synthesis is disturbed o Can be caused by  Blood loss (0.5mg /ml blood  Insufficient iron uptake OR absorption  Increased iron req. due to growth, pregnancy or breast feeding  Decreased iron recycling (due to chronic infection)  Apotransferrin defect



Exam Question 8 “Describe the two pathways involved in the initiation of blood coagulation” •



There are 2 pathways by which blood coagulation can be initially triggered o Both pathways have the same final target: o --> conversion of fibrinogen to fibrin which forms a meshwork of fibers across an initial, temporary plug formed by platelet aggregation o --> the conversion of fibrinogen to fibrin is catalyzed by thrombin --> protease which cuts fibrinogen at two serine residues --> resulting fibrin monomer polymerizes with other monomers to form a fiber o Thrombin exists in the blood plasma in the inactive form prothrombin --> both pathways have to activate this protease if they want to form fibrin! o The fibrin meshwork attracts RBCs and further platelets which precipitate on it (for more details see Q. 9) o --> now tissue repair can start



•



Extrinsic Pathway (is shorter and quicker than the intrinsic pathway because it is only dependent on the amount of tissuethromboplastin --> the bigger the injury --> the higher the concentration) o Begins by extravascular triggering --> present in large injuries o Its products are not as stable as the intrinsic ones because the concentration of tissue factor rapidly drops after the bleeding is stopped o Factor III (Tissue Thromboplastin --> protein present in SUBENDOTHELIAL TISSUE) is exposed to the blood o --> VII --> VIIa o --> VIIa forms complex with Ca2+ and Phospholipids o --> X --> Xa o In presence of  Phospholipids (secreted by aggregated platelets)  Ca2+
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 Factor V --> Xa catalyzes conversion of PROTHROMBIN --> THROMBIN --> Thrombin catalyzes conversion of FIBRINOGEN --> FIBRIN --> ! Thrombin also activates Factor XIII --> XIIIa --> XIIIa stabilizes the formed fibrin (it is a transamidase which crosslinks fibrin by linking the side chains with covalent bonds) Thrombin additionally induces a positive feedback by acting stimulating on factor VII, V, VIII Thrombin also activates further platelets (they contain a membrane receptor for it)



Intrinsic Pathway o Begins inside the blood vessel (Endothelial Defect) o Platelets make contact with exposed collagen o --> become activated o --> kallikrein (enzyme) OR high molecular weight kininogen --> XII --> XIIa o --> XIIa activates XI --> XIa o --> XIa activates IX --> IXa o --> IXa forms complex with Ca2+, Phospholipids and VIIIa (VIII is circulating in the plasma in complex with the “von Willebrand`s Factor” --> it become activate once it is cleaved from the vWF) [vWF facilitates thrombocyte adhesion --> thrombocytes have membrane receptor for it] o --> this complex is able to activate X --> Xa o --> look at extrinsic pathway from here (since they are merged to a common pathway from this point) o Note that factor VIII is not present in hemophilia A



Exam Question 9 “Specific mechanism of clot formation” • ALREADY INCLUDED IN QUESTION 8 • Additional details o Clotting Factors  Ca2+  Vitamin K --> is very important for the synthesis of the proteins and enzymes by the LIVER which act as Coagulation Factors  --> if VIT K lacks --> blood coagulation is disturbed  --> VIT K is stored in the liver and produced by the GI tract + additional uptake via diet



Exam Question 10 “Describe the mechanism of fibrinolysis. Explain the significance of anticlotting mechanisms” •



Fibrinolysis o All endothelial cells except those in the brain express THROMBOMODULIN (by the name: a protein which “modulates” thrombin) o --> thrombin is a procoagulant (mentioned above) --> when it binds to thrombomodulin it becomes an ANTICOAGULANT o --> thrombomodulin-thrombin complex activates protein C o --> activated protein C (APC) + cofactor (Protein S) o --> inactivate coagulation factors V and VIII o --> more important: they also INACTIVATE an INHIBITOR of TISSUE PLASMINOGEN ACTIVATOR (Thus they activate this enzyme indirectly!) o --> Plasmin is thus formed from its inactive precursor plasminogen o --> t-PA catalyzes the formation of PLASMIN (protease which lyses fibrin and fibrinogen) o --> Plasmin can also be activated by urokinase-type plasminogen activator (u-PA)
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•



--> Fibrinogen degradation products furthermore act inhibitatory on Thrombin! !!Inhibitors!!  Alpha Antiplasmin 2 is an endogenous inhibitor of fibrinolysis Several Medications are used to induce/inhibit fibrinolysis  Streptokinase (stimulative)  Staphylokinase (stimulative  Aprotinin (inhibitory)  Tranexamic acid (inhibitory)



Anticlotting Mechanisms o Endothelial Surface Factors  Smoothness of the endothelium  Prostaglandins + NO  Thrombomodulin (look above) o Antithrombin III  Highest Concentration of the antithrombins in blood plasma --> most important one  Prevents the activation of several clotting factors --> it inhibits serine proteases (such as thrombin, IX, X, XI, XII) by binding to them  --> this binding is facilitated by HEPARIN (naturally occurring anticoagulant)  NOTE that antithrombin does inhibit coagulation but it does NOT act stimulatory on fibrinolysis o Protein C, Protein S (look above) o Alpha 2 macroglobulin --> globulin present in blood plasma --> acts by the same way as Antithrombin III



Exam Question 12 “A-B-O blood groups. The Rh blood types” •



•



Blood Types o In the human being different blood types are distinguished which give information about if an individual can receive blood from another or not (compatibility) o The compatibility is defined by certain antigens (antigglutinogens) present on the surface of Red Blood Cells (RBCs) and antibodies (antigglutinins) present in the plasma o In different blood groups the plasma contains the antigglutinin against the antigen which is NOT present on the surface of the RBC (otherwise it would attack the own RBCs) o The human RBC contains more then 30 antigens but only two systems are crucial enough to provoke a reaction if in contact with their antibodies o Antigens are inherited o Antibodies develop after birth due to development of antibodies against the consumed carbohydrates --> they reach their maximal concentration between the ages 8-10 AB0 system o Antigens: A or B o Antibodies in Plasma: Anti-A, Anti-B o Codominant inheritance o The basic structure for all Antigens: H-Antigens  Galactose  Glucoseamine  N-acetylglucoseamine  Fucose  Found in all RBCs o A-Antigen  Same as H
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 --> additionally: N-acetylgalactoseamine o B-Antigen  Same as H nd  --> additionally: 2 galactose molecule o Blood Types  A • A-Antigen present on Cell • B-Antibody present in Plasma • Can receive Type A-Blood or Type 0  B • B-Antigen • A-Antibody in Plasma • Can receive Type B-Blood or Type 0  0 • No Antigen • Both Antibodies present in Plasma • Can receive only Type 0 but can donate to all Types  AB • Both Antigens • No Antibody • Can receive all types but can only donate to AB In case of antibody – antigen reaction --> agglutination (RBCs stick together) and hemolyzis  Consequence: • Excessive bilirubin in blood (waste product of hemolyzed RBCs) • Erythroblastosis fetalis  Treatment: • Phototherapy --> degrades the Bilirubin • Infusions to exchange complete blood (applied in pregnancy problems) • Certain medications inhibit sensitization (see RH blood groups) Rh (Rhesus) System o Different class of Antigens o In this system 8 Antigens are present on the RBC --> C,D,E are the most critical o Dominant inheritance o D occurs in most humans o --> if present the individual is Rh+, if not Rho In this system the Antibodies (IgG) are not present from the beginning --> ARE not spontaneously formed o --> If Rh- individual receives Rh+ blood the antibodies against Rh+ are formed --> the first time the Rh+ antigen concentration is too low to provoke a reaction nd o --> but the 2 time the individual gets in contact with Rh+ blood --> severe reaction (BUT NO AGGLUTINIATION) Pregnancy Complications due to Rhesus Antigens o Rh+ is dominantl inherited o During pregnancy the blood of the fetus does NOT mix with that of the mother --> BUT at delivery it happens o Rh+ father --> Rh+ fetus o If mother Rh- --> at delivery is exposed to Rh+ blood of fetus --> Antibodies against D antigen (Rh+) develop in mothers blood nd o If 2 pregnancy again from Rh+ father --> during the pregnancy already the Anti-D antibodies which have developed in maternal blood cross placenta blood barrier (IgG is the smallest antibody) and attack the fetal RBCs o --> hemolyzis --> for consequences/ treatment --> look under AB0 groups
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Exam Question 13 “The role of leukocytes in the defense mechanism” • •



•



•



This chapter mainly focuses on the lymphocytes in their subclasses as well as the types and pathways of immunoresponses (for the function of the other leukocytes look Q 5) Types of Immunity o Innate immunity o Acquired immunity Innate immunity (non specific) o This type is a fast reacting general immunity which keeps all kinds of “easy to catch” foreign invaders out of the body o Anatomical Barriers  Skin  Mucous membranes  Bony encasements o Lysozyme o Complement Factors dissolved in plasma o Leukocytes  Granulocytes  Macrophages  Natural Killer cells  --> in fact the non specific immunity can be enhanced by humoral as well as cellular mediated immunity o Enhancement mechanisms  Humoral • Interferons secreted by T-helper cells activate natural killer cells (they bind to Fc part of the antibody which is bound to antigen --> then they exocytose perphorins which perforate the membrane of the antigen)  Cellular • Antigens can be opsonized by IgG or C3b (product of complement system) which makes it easier to Phagocytose them)  NOTE that there are a lot more details to these mechanism but I hope they will not be important here but in immunology o Mechanical removal  Mucous and cilia  Coughing  Sneeze reflex  Vomiting  Diarrhea  Other physiological flushing effects o Bacterial antagonism  Normal body keeps potential harmful pathogens in check and inhibits conolisation of pathogens o Cytokines  Intercellular regulatory proteins  Interleukin  Tumor Necrosis Factor  Colony Stimulating Factor  Interferons --> are proapoptotic Adaptive Immunity OR Aquired Immunity (specific) o Slower immune system --> usually takes several days to kick in
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Very specific immune system --> forces are mobilized to take out specific intruder Its based on production of antibodies (see below) against distinct pathogen --> can be proteins or polypeptides but also smaller stuff Can be divided into two systems  Humoral immunity  Cellular mediated immunity Acquired immunity needs cells that present antigens to the lymphocytes --> lymphocyte differentiation  --> Antigen Presenting Cells (APCs) --> dendritic cells, macrophages  After presentation of the antigen  --> activation and proliferation of antigen specific B, T-lymphocytes  --> production of antibodies, cytotoxins, activated macrophages, natural killer cells and cytokines Major Histocompatibility Molecules (MHCs)  In humans they are called HLAI, HLAII (human leukocyte antigen)  Molecules necessary to bind an antigen (are compatible to a lot of histological particles)  Sit on surface of antigen presenting cells  Recognize epitopes --> 3D surface features of antigens which are recognized by MHCs and Antibodies  T-lymphocytes for example utilize MHCs to recognize epitopes of the antigen  --> antigens are digested by the APCs and parts of their peptides are coupled to an MHC molecule which is translocated to the membrane of the cell and then presenting the antigen  2 classes --> MHC I, MHC II Antibodies (immunoglobulins)  Y-shaped glycoproteins produced by Plasma cells (differentiated B-lymphocytes)  2 strands kept together by S-S bonds  2 long chains --> heavy chains  2 short chains --> light chains  Several segments --> V segment is binding site for antigen; Fc portion = effector portion --> mediates recation initiated by antibody  --> Fc part can bind NK cells, Lymphocytes etc.  Contain constant and variable regions (look picture in book)  Humoral immunity  Based on production of antibodies by plasma cells in response to an antigenic recognition  Most effective against bacteria, bacterial toxins and viruses  Once antibodies make contact with their specific antigen they initiate the COMPLEMENT System Complement system  Cell-killing effects of innate and acquired immunity are mediated partially by a system or enzyme cascade named the complement system  3 different pathways how to initiate this system --> common connection point is the creation of C3 convertase  1) classic pathway (this shit sucks and I will stay basic about the steps) • Triggered by activation of C1 complex --> either by binding to an antibody-antigen complex or by binding to surface of a pathogen • --> C1 binds to and splits C2 and C4 • --> C2a, C4b --> bind to form C3-convertase • -->cleavage of C3 --> C3a + C3b • -->C3b + C2a + C4b --> C5 convertase • --> C5 convertase cleaves C5 --> C5a, C5b



19



PHYSIOLOGY © D.A.T.Werner •



o



--> C5b together with C6-9 form a membrane attack complex and attack the pathogenic cell  2) Alternative pathway (!! This pathway is independent of opsonization [antigen-antibody complex] • Triggered by hydrolysis of C3 directly on a pathogen surface • C3b binds to factor B • --> Resulting complex will be cleaved by factor D into --> Ba and Bb (!!this is the alternative pathway C3 convertase!!)  Note that the complement system does not activate lysozyme Cell-Mediated Immunity  Mediated by T-cells (T-lymphocytes)  Most effective in removing virus infected cells, defense against fungi, protozoans, cancers, intracellular bacteria  Antigen contact triggers the differentiation into T-killer cells (cytotoxic T-Lymphocytes)  --> also triggers activation of macrophages and Natural killer cells  2 Kinds of T-cells • T-killer cells • T-Helper cells  TWO!! Signals are necessary in order for T-cell activation to happen (APC dual signal) • 1) binding and recognition of presented antigen to T-cell receptor (CD8 or CD4 molecule present on surface of T-cell --> facilitate binding of MHC) • 2) surrounding membrane proteins join in a “synapse” --> costimulatory signal --> binding of B7 (APC) to CD28 (T-cell) • --> if 1) occurs but 2) does not --> inactivation of T-cell (SENSE???????????)  Details:  --> APC with Antigen-MHC complex binds to appropriate T-cell  --> if bound to T-killer cell --> target is killed directly  --> if bound to T-helper cell --> secretion of cytokines and activation of other lymphocytes



CIRCULATION Exam Question 14 “Mechanical activity of the heart and the three-component model of Calcium ion movements within the cardiac muscle cells” • • •



The events discussed in this chapter are related to specifics of cardiac muscle --> for the mechanical events during a heart cycle look at exam question 17 Regulation of Stroke Volume in the Heart (FRANK-STARLING LAW) In the heart the force of contraction of cardiac muscle is proportional to the volume of blood in the ventricles (or in other word --> force of contraction depends on end diastolic volume) o (in addition: measurements in skeletal muscle show that if the muscle is not stimulated it produces different amounts of tension at different lengths --> in other words: a muscle that gets pulled out longer and longer will  A) increase its passive tension in kg (simply because it wants to retain back its original shape)  B) increase the potential active tension it can create upon stimulus until a certain point from which on its tension will decrease again  --> this is explained by the sliding filament model --> tension is created by the cross linkages between actin and myosin molecules --> at a certain point of stretching the number of overlap is reduced so far that not enough cross linkages can occur --> tension level drops; in
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PHYSIOLOGY © D.A.T.Werner opposite direction, if the muscle stretch is not long enough, the distance of the filament movement after overlapping is to short so the tension is low as well --> there is a length at which skeletal muscle can develop its maximal tension --> this is caused the RESTING LENGTH (in the human body most of the skeletal muscle at rest has the resting length)



• o o o o
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A --> Contracted Muscle fiber B --> Resting Length C --> Stretched Muscle Fiber Tension/Length relationship in cardiac muscle  Is similar to that of skeletal muscle --> as the muscle is stretched its tension develops to a maximal point from which on it decreases (optimal sarcomere length)  --> STARLINGs LAW: “The energy of contraction is proportional to the initial length of the cardiac muscle fiber”  In the heart the length of the muscle fibers is proportional to the end-diastolic volume because at this point the ventricles are filled with blood and maximally extended --> so the muscle fibers are stretched a distance proportional to the amount of blood which is inside the ventricle (higher volume, longer stretch..)  --> the end-diastolic volume is also referred to as PRELOAD(it increases muscle tension by stretching of the elastic elements in cardiac muscle fibers)  --> therefore up to a certain point (overstretch occurs after this point --> resembled by crossing the point of resting length in the diagram) the heart muscle contracts more forcible IF more blood is in the ventricle and therefore the muscle fibers are more stretched (FRANK-STARLING LAW)  --> this mechanism ensures that the heart pumps the same amount of blood which returns to it via the ventricles (NOTE that this doesn’t mean the heart pumps out the complete blood volume in the ventricles --> only a fraction is ejected, but the volume which enters at every cycle via the atrium)



Preload o Is the EDV as already described o Corresponds also to the diastolic pressure of the heart since it increases with increasing EDV (NOTE that after a volume of 150ml the diastolic pressure increases exponentially since the elastic capacity of the myocardial wall is overstretched) o Note that the increase in preload does not increase the ESV because with increasing preload (while the other factors stay constant) since increased EDV  Frank Starling mechanisms  increased SV  you come back to the same ESV Afterload o Is the pressure in the aorta  if it is increased  the systolic pressure is increased (pressure needs to be reached in order for aortic valve to open ) o  an increase in afterload reduces stroke volume o Afterload can be increased by  Cholesterol
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 Obesity o Afterload can be decreased by  Stress  Exercise Contractility o Contractility of the myocardium in the ventricle can be increased without an actual increase in preload  e.g. by sympathetic stimulus o This increases the stroke volume and reduces the ESV since for the same EDV more blood is pumped out



Hills three component model o Picture to be added o The mechanism of contraction in cardiac muscle involves three steps in which the relation of tension and length of cardiac muscle change o The Three Steps of the Hill model  1) Cardiac muscle at rest • Contractile Elements (CE) and Elastic Elements are at resting length --> no work is done on the Load  2) Isometric contraction • CE shorten and the shortening is compensated by stretching of the Elastic Elements --> no shortening overall --> no work is done on the load  3) Isotonic contraction • CE shorten further but Elastic Elements cannot be stretched further --> shortening of muscle fiber --> work is done on the load For Visualization of the above mentioned steps of cardiac contraction the following curve is important
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Calcium movement within the cardiac muscle cells o Calcium ions are the main initiator of cardiac muscle contraction o Upon AP --> V-gated Ca++ channels open on the cell membrane --> influx of Ca++ from ECF --> creation of local increase in Ca++ in cytosol --> so called “Calcium Spark” o --> this spark triggers the opening of calcium channels in the Endoplasmatic Reticulum --> muscle contraction based on the sliding filament model is initiated (look it up in your histo notes if you don’t know it anymore ☺) o Thus an Action Potential has to trigger the release of calcium ions to the contractile elements of a muscle fiber --> has to happen at the same time at an equal distribution o The structure of cardiac muscle cells facilitates this stimulus propagation  --> the cell membrane (or sarcolemma) of cardiac muscle cells has invaginations which reach in between the contractile elements --> “T-Tubuli”  --> these Tubuli are surrounded by Smooth Endoplasmatic Reticulum in which calcium ions are stored in cardiac muscle cells --> T-Tubuli are able to conduct an electric stimulus to the calcium stores deep within the muscle cell  --> upon an action potential --> SER underneath surface and deep within the cell opens its calcium channels --> calcium rushes out and the contraction can occur o Establishment of Calcium gradient in the myocardium is facilitated by a Calcium ATPase which pumps the Ca++ back into the SER as well as a Ca++ ATPase together with a 3NA+/Ca++ exchange carrier in the sarcolemma which pumps Ca++ into the ECF after the calcium spark o --> Heart Contraction and therefore heart rate can be stimulated or slowed down by affecting the calcium transporters --> e.g. Ca++ channel blockers act inhibitory



PHYSIOLOGY © D.A.T.Werner Exam Question 15 “Generators and Conductors of impulses in the heart. Refractory periods” •
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Generators of impulses --> Nodes o Specialized cardiac conduction system consisting of special myocardium and P-cells (roundish cells found in Nodal areas of the heart) o Sinoatrial Node (SA)  Location: junction of sup. Vena cava with right atrium  Main pacemaker organ --> 100 discharges per minute  Connected by intermodal pathways (3) to the AV node  Most negative value during diastole --> -65mV o Atrioventricular Node (AV)  Location: right, posterior portion of interatrial septum  Receives impulse from SA node by • Anterior internodal tract of Bachmann • Middle internodal tract of Weckenbach • Posterior internodal tract of Thorel  Only conducting pathway between atria and ventricles  Produces AV node delay which allows ventricular filling (atrial systole) before ventricular systole occurs  Continuous with bundle of his o Bundle of His  Gives of a left branch at top of interventricular septum  Continues as right bundle branch  --> left bundle divides into anterior and posterior fascicles  --> connect to Purkinje system o Purkinje fibers  Fiber system located on inner ventricular walls of heart (just below endocardium)  Special myocardial fibers --> conduct electric stimulus Pacemaker Potentials o In comparison to Action Potential (AP) curve of cardiac muscle the AP curve for nodal tissue is rather lame o --> the following steps mark an depolarization --> repolarization cycle in e.g. the SA node  1 – Efflux of K+ --> IK decay --> first part of prepotential is built up  2 – Opening of Transient Calcium channels --> IcaT current --> second part of prepotential is built up --> treshhold level reached  3 – Opening of Long-Lasting Calcuim channels --> LcaT current --> Action Potential produced  4 – at peak of impulse --> K+ channels open --> Ik brings about repolarization
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5 – (1) Ik declines --> K+ efflux decreases --> depolarization begins again



25



• •



•



• •



IMPORTANT --> the action potential of the nodal tissue comes BEFORE the contraction of the cardiac muscle 2ndary pacemakers have a slower rhythm because the slope of their prepotential and repolarizations are “flatter” o Those pacemakers come into play in case the SA is out of function or their function is increased Nerval influence on nodal potentials o Stimulation (noradrenergic action)  Caused by sympathetic system  Membrane potential of nodal cells falls more rapidly (see graphic --> induced there by medication [isoproterenol]) --> inflation of prepotential slope  Caused by release of norepinephrine (noradrenaline) acting on beta 1 receptors in the nodal areas of the heart  --> faster opening of L-Ca2+ channels --> rapid Ca2+ impulse  Stimulation is also initiated by increase in temperature, stress and physical exercise o Inhibition (cholinergic action)  Caused by Parasympathetic system --> VAGUS nerve  Acetylcholine is released at nerve endings (see diagram)  --> efflux of K+ is slower --> K+ conductance is higher for a longer time (because the ions are there and not leaving ☺)  --> prepolarization slope is deflated  Additionally --> opening of Ca2+ channels is slowed down --> decrease in firing rate  ! a very strong stimulus of the vagus nerve may abolish spontaneous discharge for some time !! Cardiac Muscle (working myocardium) potentials Ventricles, Cardia and Purkinje system o Have a stable resting membrane potential of -90mV o Action potentials are long (esp. in purkinje fibers)  can last 300ms o Action potential curve



PHYSIOLOGY © D.A.T.Werner 26



o o



o o



•



Phase 0    Phase 1  Phase 2  



Upstroke of action potential Transient Na+ channels open  inflow of Na+  depolarization of the membrane At peak  Na+ potentials close to equilibrium BRIEF period of initial repolarization  caused by movement of K+ out of the cell Plateau Caused by transient increase in Ca++ conductance (conductance = membrane permeability to the ion)  calcium flows into the cell Additionally increase in K+ conductance  K+ flow out of the cell  the net changes in charge on each side are equalizing each other out  plateau is created



  o Phase 3  Repolarization  Ca++ conductance decreases while K+ conductance increases  K+ is flowing out and results in large outward K+ current   hyperpolarization of membrane o Phase 4  Resting membrane potential  Inward and outward ion currents are equal (same amount of charge flows into the cell as leaves the cell) Refractory periods o The refractory period in the heart is referring to the action potential of myocardium o Cardiac muscle in comparison to skeletal has a prolonged action potential (plateau) and therefore will nd not contract upon 2 stimulus until almost the end of the contraction o --> CANNOT BE TETANIZED o There are two periods  Absolute refractory period (2) “Plateau” --> during this period no stimulus of no matter what nd intensity can cause a 2 action potential [begins with upstroke of action potential (phase 0) and ends after plateau]  Relative refractory period (3) --> during the repolarization the heart is in the supernormal nd phase  a stimulus of an intensity below the normal treshhold voltage can cause a 2 action potential --> appearing as extrasystole in cardiogram
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Extrasystoles
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Are caused by ectopic foci of excitation -->> locations of stimulus generations that are not normal In some cases the His-Purkinje His Purkinje Fibers or the myocardial fibers may discharge spontaneously -->> result is a premature heart beat which interrupts the cardiac sinus rhythm -->> in extreme cases its rate can be higher than that of the SA node --> can cause tachycardia (normal) or paroxysmal tachycardia (nodal tachycardia -->> dangerous) Atrial extrasystoles • Occur from time to time in every human • Interrupt and reset the normal sinus rhythm -->> after extrasystole a compensatory pause follows Ventricular extrasystoles • Are not able to excite the bundle of his and therefore no retrograde conduction to artia occurs --> in the meantime the SA node depolarizes the atria though • -->> this impulse reaches the ventricles during their absolute refractory period and therefore no discharge occurs -->> compensatory pause follows which is longer than that of atrial extrasystole



Exam Question 16 “The sequence sequence of events in the cardiac cycle” • •
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The cardiac cycle represents the sequence of events by which the blood enters the heart and then gets pumped out To visualize the cardiac cycle the following diagram is necessary



Events in the Cardiac Cycle o The resting heart beats 60-80 60 beats per minute -->> one cardiac cycle producing one beat takes about 1 second o The Events during the cardiac cycle can be divided into four steps o The first two phases are the contraction and ejection phases of the filled ventricles to pump pu the blood into the aorta (systole) o The second two phases are relaxation and filling phases to refill the ventricles with oxygenated blood (diastole) o Cardiac valves determine the direction of the blood flow in the heart during the four phases
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During contraction and relaxation all valves are closed (the details and consequence of this are described below)  During ejection and filling phases the valves are open  -->opening and closing of valves is regulated by the pressure exerted in the different compartments (e.g. when ventricular pressure exceeds the pressure in the aorta “diastolic pressure” the aortic valve is pushed open and blood flows from left ventricle into aorta) At the beginning of the cardiac cycle described in the diagram above the ventricles finish to be filled with blood --> end-diastolic phase --> now the end-diastolic volume (EDV) should be about 120mL Within the End-diastolic phase the SA node depolarizes and creates the signal stimulus for the now following muscle contraction of the Atria --> pumping the last amount of blood into the ventricles (SEE: the AP of the Nodes PRECEDES the actual contraction of the myocardium!!) --> MARKED BY PWAVE in diagram



Step 1 (ATRIAL SYSTOLE) o P wave represents electrical activation of the atria o Atrial myocardium contracts and pushes last part of venous return into the atrium (ventricular filling is also sufficient without the atrial contraction  not essentially necessary) o Since the atrium belongs to the venous system  first increase in venous pressure curve appears here (a wave  not described in graph) th o Filling of ventricle by atrial systole causes the 4 heart sound (not audible under physiological conditions and not marked in the diagram) Step 2 (ISOVOLUMETRIC VENTRICULAR SYSTOLE) (The ventricles are filled with blood and the atrioventricular valves are still open  first vertical line in the diagram) [duration: 50ms]  beginning of systole o The QRS complex marks the beginning of systole  it starts shortly before the vertical line in the diagram which marks the beginning of systole because again: first stimulus  then contraction o Now the ventricles start to contract and build up pressure  the pressure exceeds that of the atria st and the atrioventricular valves close --> appearance of 1 Heart Sound (marked also in diagram) o At first this pressure is lower than the aortic / pulmonary pressure and therefore the aortic and pulmonary valves remain closed (NOTE THAT this diagram describes the cardiac cycle for the left ventricle in connection to the Aorta (in the right ventricle as well as the pulmonary artery the pressures are lower) o --> pressure in left ventricle increases but the blood volume remains constant since the valves remain closed  --> ISOVOLUMETRIC CONTRACTION Step 3 (RAPID+REDUCED EJECTION) (Pressure in the ventricles reaches 80mmHg) [duration 210ms] o RAPID EJECTION PHASE  Once the ventricular pressure crosses 80mmHg (diastolic pressure of the aorta) --> aortic valve opens and blood is allowed to flow out into the aorta   blood volume inside ventricle decreases   while this the contraction of the ventricular myocardium continues, therefore the pressure in the ventricle further increases  The pressure in aorta and ventricle rise until a certain point at which it reaches its maximum  120mmHg = systolic pressure (marked in pressure curve of diagram)  Ventricular volume decreases massively during this phase because MOST of the stroke volume is ejected during the rapid ejection phase o REDUCED EJECTION PHASE  After reaching the systolic pressure, the ventricular pressure decrease  Ejection of blood from the ventricle continues but its slower  The End Systolic Volume corresponds to 40-50mL Step 4 (ISOVOLUMETRIC VENTRICULAR RELAXATION  ONSET OF DIASTOLE) (Aortic valve is open, blood volume in ventricle about 50ml) [duration: 60ms] rd o 3 vertical line in diagram
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PHYSIOLOGY © D.A.T.Werner Repolarization of Ventricles is complete (marked by T-wave in diagram) nd Once the ventricular pressure drops beneath the aortic pressure  the aortic valve closes  2 heart sound appears (splitting of it is caused by inspiration) o  now all valves are closed but the ventricular myocardium extends a lot further  this creates a pressure drop without a change in volume of the ventricle o  ISOVOLUMETRIC RELAXATION Step 5 (RAPID + REDUCED VENTRICULAR FILLING) [duration is heart rate dependent!!!!! --> at 70bpm its 500ms] o RAPID VENTRICULAR FILLING  Now the ventricular pressure drops beneath the atrial pressure and the atrioventricular valves open  blood is allowed to flow in from the atria  passive filling  blood volume in ventricles increases  ventricular myocardium extends further rd  3 heart sound can be heard here in younger individuals due to a very rapid filling (80% of ventricles are filled during first quarter of diastole!) o REDUCED VENTRICULAR FILLING (also called diastasis)  Longest phase of the cardiac cycle  Ventricular filling continues at slower rate o o



•



Exam Question 17 “The human electrocardiogram (ECG). Electrocardiography: bipolar and unipolar leads” •



Recording of potential fluctuations during cardiac cycle --> ECG o Provides information about  Heart position, relative chamber size, heart rhythm, impulse origin/propagation  Rhythm conduction/disturbances  Extent and location of myocardial ischemia o Can be recorded using active electrode connected to indifferent electrode (zero potential --> UNIPOLAR) OR by using two active electrodes (BIPOLAR) o The human body is a volume conductor --> fluctuations are carried by ionic solutions in body --> so if the upper right part of the heart becomes a negative potential in comparison to the upper left --> in the right arm a negative charge is measured in comparison to the left arm o In a volume conductor the sum of the potentials at the points of an equilateral triangle with a current source in the center is zero at all times o --> used in Einthoven’s triangle
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Bipolar Leads: Einthoven’s Bipolar ECG measurement o 3 electrodes  Left Arm  Right Arm  Left Leg  (Right leg is grounding of patient) o Together they form a triangle which resembles the heart o Leads  Lead I --> RA (-) --> LA (+)  Lead II --> RA (-) --> LL (+)  Lead III --> LA (-) --> LL (+) o Vectorcardiography  In case of Einthoven´s triangle the heart is thought to be the power source in the middle
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If the mean QRS axis (largest axis in the ECG, also called “electrical axis of the heart”) is drawn in the 2D frontal plane of the triangle the relative position of the heart can be approximated  the net differences between the R wave height of the three leads are measured --> together they result in a vector which gives the general direction of ventricular polarization and therefore the position of the heart apex  a coordinate system is put on top of the vector and the angle is measures in degrees Its hard to explain --> look up picture D Thieme book p. 197
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Unipolar Leads: o Augmented Limb Leads (Goldberger leads)  Two of the three electrodes are connected to each other  they cancel each other out and form an “indifferent” electrode  The third electrode is the active electrode (augmented) • On right arm  aVR • On left arm  aVL • On left leg  aVF  The augmented lead measures potential differences in the frontal plane of the heart between it and the indifferent electrode  The measurement is similar to the bipolar leads but the result is giving an amplified (more detailed) signal about one of the three leads, dependent on where the augmented limb lead is positioned and therefore we can view the frontal axis of the heart from multiple points (these are combined in the cabrera circle, look it up) o Wilsons leads  All three electrodes (arms + leg) are connected together by a large electrical resistor  Additional electrodes are placed on the chest   result is that we can “see” more detailed information about the frontal plane of the chest
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Waves of the ECG o By convention it is that depolarization moving towards an active electrode is reflected as a positive peak in the ECG while the opposite results in a negative peak o P Wave  atrial depolarization o QRS complex  ventricular depolarization o ST segment  ventricular repolarization o T wave  ventricular repolarization o QT interval  overall time required for depolarization and repolarization of the ventricles o U wave (not always seen) --> due to slow repolarization of papillary muscles ? o PQ interval  time between atrial and ventricular depolarization  heart rate dependent  0.12 – 0.16s, above 0.2s pathological o It is important to understand how the ECG reflects the direction of depolarizations in the heart tissue (p. 195 THIEME book has an excellent picture for this) o  look at Lead configurations and understand WHICH direction creates a positive peak (e.g. from right arm to left arm in a horizontal plane) o  the P wave is positive in all three leads (with different voltages)  the depolarization starts on the right (the SA node) and travels to the left as well as downward because it depolarizes the complete atrial tissue mass [since the Sinoatrial node is located in the “upper right corner” of the heart] o --> the QRS complex has positive as well as negative peaks and the differences in the 3 leads are bigger o --> Q wave  Lead I: negative --> depolarization travels from left to right  Lead II: negative --> depolarization travels upwards as well  Lead III: zero --> depolarization does NOT travel from right to left
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--> R wave --> considered to be the first positive peak in QRS complex  Positive in all three leads although with different voltages  Highest peak in whole cardiogram --> depolarization travels the LARGEST DISTANCE of all (this is because there is way more ventricular tissue then atrial)  Travels same directions as p wave only in different position in heart AND a longer distance --> S wave  Negative in leads II (slightly) and III (more)  Almost zero in lead I  Travels mostly upward (lead III) and a tiny bit with an oblique angle from left to right (lead II)



His Bundle Electrocardiogram



Exam Question 18 “The heart sounds. Phonocardiography” • During the events of the cardiac cycle 2-4 heart sounds can be detected by a special microphone placed on top of the projections of the cardiac valves to the chest wall • Auscultation Points nd o 1) Aortic Valve --> 2 intercostal space, right side of sternum nd o 2) Pulmonary Valve --> 2 intercostal space, left side of sternum th o 3) Tricuspid Valve --> 5 intercostal space, right side of sternum th o 4) Biscuspid Valve --> 5 intercostal space, left midclavicular line • Sounds o 1) --> sounds like prolonged “lub”  Caused by closure of mitral and tricuspidal valves at the beginning of ventricular systole --> ventricular pressure exceeds atrial pressure which causes the valves to close o 2) --> sounds like a short and high pitched “dub”  Caused by closure of semilunar valves after the ventricular systole --> ventricular pressure drops beneath aortic pressure and the valves close  0.15s @ 25-45Hz o 3) --> only heart in younger individuals  Caused by the rapid filling of ventricles with blood during first quarter of ventricular diastole o 4) --> this sound is already pathological  Heart immediately before first sound --> in case of elevated atrial pressure or stiff ventricular walls the ventricular filling creates a sound in the end-diastolic period



Exam Question 19 “Cardiac Output: measurement, normal standards and physiological variations” • Cardiac output is the amount of blood the heart pumps out in a certain time  ܵ ݔ ݁݉ݑ݈ݒ ݁݇ݎݐℎ݁ܽ݁ݐܽݎ ݐݎ  5.5L/min in average • Heart rate gives the number of cardiac cycles per minute which facilitate this cardiac output • Stroke Volume is the Volume of Blood pumped out of the ventricles during one cardiac cycle  ܸܵ =  ܸܦܧ− ܸܵܧ • •



Ejection fraction is the FRACTION (%) of the EDV ejected in each stroke volume  = ܨܧ



ௌ௧ ௩௨ ா



(normal



value = 55-60%) Measurement of Cardiac Output o Several Methods are known (invasive and non invasive) in order to measure cardiac output in humans --> this is e.g. necessary for determination of the oxygen amount pumped by the blood in one beat o Method 1 --> The Fick Principle  This method is used to determine the O2 absorption in the body as well as the oxygen content of blood taken from the pulmonary artery (mixed venous blood) and a peripheral artery (arterial blood)
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The method calculates the cardiac output by measuring the O2 consumed by the body in a given period and dividing this value by the value of the A-V difference across the lungs A-V difference stands for the subtraction of mixed venous oxygen content from arterial oxygen content of an organ or the whole body (O2A – O2V) Example Calculation • Measured oxygen content in artery --> 190mL/L blood • Measured oxygen content in vein --> 140 mL/L in pulmonary artery • Measured oxygen uptake by body per minute --> 250 mL/min • --> calculation of output of left ventricle: •



o



•



= cardiac output



Method 2 --> Indicator Dilution Method  This method measures how fast a substance is diluted in the blood --> based on blood flow  A dye is inserted into the circulatory system into an arm vein  The cardiac output now is calculated as the amount of indicator injected – divided by its average concentration after a single circulation through the heart  --> this is resembled as the the area under a curve which depicts the concentration of injected indicator in mg/L against time*



Method 3 --> Doppler Method  This is a non invasive technique utilizing the so called “Doppler effect”  Ultrasound waves at a frequency of 2.25 MHz are emitted to various parts of the hearts and their reflections are detected by a receiver  By the means of that the aortic root diameter can be measured  --> the blood velocity in the aorta causes a “Doppler shift” in the frequency of the returning ultrasound waves --> velocity can be calculated  Final calculation of cardiac output?? Normal standards of cardiac output o Cardiac Output: 5.5L/min o Stroke Volume 70ml o ESV: 50ml o EDV: 120ml Alteration of Cardiac output (Physiological variations) o The cardiac output can be manipulated in different ways o Acting on the heart rate can change cardiac output o



•



ଶହ / ଵଽ/ି ଵସ/
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The heart rate depends on the amount of action potentials per unit time  when more action potentials occur in the same time frame  increase in heart rate  Actions of sympathetic and parasympathetic nerves (See also question 15, 33) Secondary the stroke volume can be altered  The stroke volume depends on the contractility of the ventricular muscle fibers which depends on  The distension of the ventricles based on Preload (described by the Frank-Starling law)  This can also be influenced by action of sympathetic nerves which act on cardiac muscle fibers and exert a positive inotropic effect --> if the contraction strength increases but the initial fiber length is constant --> more blood is pumped out of ventricle (disturbing FrankStarlings principle) FOR DETAILS Q33!  Preload and Afterload (as described in mechanical activity of the heart) influence the stroke volume and therewith the cardiac output  Digitalis  is a cardiac glycoside which inhibits the Na+, K+ ATPase in the myocardial membrane  Na+ gradient cannot be established which has the consequence that Ca++ cannot leave the cells via the Ca++,Na+ exchange carrier  intracellular Ca++ is elevated which triggers a more forceful contraction



Exam Question XX --> Because there is no oral exam and I cannot find proper enough question to cover the complete material about vascular circulation properties I add all additional material from the lecture under this point because it will be important for the written exam • Hemodynamics (functional characteristics of different parts of the vascular system) o Circulation is divided into a high pressure system (left ventricle, aorta, arteries) and a low pressure system (venous system) o Additionally there are special circulation areas  Bronchial  Portal  Glomerular  Lymphatic • Systemic circulation (VERY IMPORTANT TO CHECK THIEME p. 189) o Types of blood vessels and their diameters --> vena cava has biggest diameter (3.2cm) o Blood volume distribution --> most blood is found in veins (2.4L), least blood is found in arterioles (125ml) o Flow velocity (cm/sec) --> highest in aorta (20-25), lowest in capillaries (0.3-0.6) • Measuring Methods for characteristics of blood flow and pressure o Pressure meters  Direct --> blood cm, Hgmm, electric transducers  Indirect --> Riva Rocci method, electric vibration detectors o Flow meters  Direct  Indirect --> plethysmography, electromagnetic leads, Doppler method • Changes in Blood Pressure at different parts of the circulation o Important graph which I couldn’t find online o Memorize changes in certain locations as well (e.g. drops in ventricle etc.) o Stasis is the pressure at which the heart does not work anymore --> still a pressure of 7Hgmm is present because the blood vessels are “overfilled” • Blood Flow (Formulas + characteristics) o 1) Reynolds number  Determines if blood flow is turbulent --> Re > 1000 



௩∗ଶ∗ఘ ௩௦௦௧௬



= Re (v=linear velocity, r= radius, ρ=density)
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Turbular flow produces murmur which is utilized to detect valve errors, narrowings of arteries and to measure the blood pressure (korottkoff sounds)  Turbular flow also requires much more energy to move the blood 2) Energy of blood flow  Picture about side pressures is important –> to be added 



 = ܧሺܸ ∗ ሻ +



ఘ∗∗௩ሺ௧௪ଶሻ



+ ሺܸ ∗ρ*g*h)



ଶ







o



E= total energy, p= blood pressure, V= volume, ρ= density, g= gravity acceleration, h= different in height (e.g. sitting or standing) 3) Bernoulli`s principle (Total pressure of blood flow)  Elastic side pressure + dynamic end pressure + hydrostatic end pressure = Total pressure of blood flow 



o
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Blood flow resistance = ܴ=



ௗ௦  ௬ௗ௦௧௧ ௦௦௦௨௦ ௧௦௧௬  ௗ ௪



ଵିଶ ொ



ܳ=



ሺଵିଶሻ∗గ∗⁴ ௩௦௦௧௬∗଼∗



 Q= flow intensity, r= radius, l= length  Important here is that the radius is to the fourth power!!  --> small increase in vessel diameter --> significant increase in flow intensity 6) Flow resistance (another approach) ௩௦௦௧௬∗଼∗







ܴ=



   



The Total Peripheral Resistance (TPP) is the resistance of all vessels together against which the heart must work in order to maintain blood flow As in ohms law there can is a serial connection of organs (intestine --> liver --> heart) Or a parallel connection (all other parts of circulation) The Peripheral Resistance Unit (PRU or R) in (Hgmm/ml*sec) is calculated as follows







-->
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5) Hagen Poiseville law (Intensity of blood flow, influenced by the vessel resistance)



o



o







 For denotations look above 4) Ohms law (Resistance of blood flow) 
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 ௧ ௦௦௨ ௗ ௨௧௨௧



Under physiological conditions it should be around one --> eg. Systole 120Hgmm, diastole 60Hgmm, cardiac output 5.4L/min = 90mL/sec --> 90Hgmm/90mL/sec =1R  Above 4R --> critical  Below 0.2R --> bloodpressure not high enough to supply the tissues 7) Velocity of blood flow  ܳ = ݒ/ܣ  V= velocity (cm/sec)  Q= blood flow (mL/min)  A= cross sectional area (cm2)   velocity is directly proportional to too blood flow and inversely proportional to cross sectional area at given location of vascular system   e.g. velocity is higher in aorta (small cross sectional area) than in the sum of all capillaries (large cross sectional area) Characteristics  Non-newtownian fluid  Viscosity of flow is directly proportional to hematocrit --> during anemia viscosity is decreased  Higher speed of blood flow --> lower viscosity (they are inversely proportional)  Lower diameters of blood vessels --> lower blood flow (directly proportional)
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PHYSIOLOGY © D.A.T.Werner 35 Exam Question 21 “Ventricular Wall tension and the Laplace relationship” • I am confused about the formulas because the one in the lecture differs from the book • Basically the Laplace relationship states that the smaller the radius of a blood vessel, the lesser tension it has because it needs to keep blood flow up (blood pressure in blood capillaries is low) • --> in the heart, dilation of the ventricular wall can be a problem because then a greater tension must be produced by the myocardium to produce a given pressure



Exam Question 23 “Arterial blood pressure: determinants of normal arterial blood pressure” • Pressure in Aorta and large arteries o Graphs are missing here but are very important o In young adult humans it rises to 120Hgmm during systole and drops to 70Hgmm during diastole --> it is written as systole/diastole o Pulse pressure --> systole – diastole --> normally about 50Hgmm o



•



•



•



ଵ



Mean arterial pressure   ݈݁ݐݏܽ݅ܦ+ ( ݁ݎݑݏݏ݁ݎ ݁ݏ݈ݑresembles the average pressure throughout ଷ



a cardiac cycle) [since systole is shorter then diastole this formula is not exactly correct --> for correct calculation, draw a graph and integrate the area of the pressure curve ☺] o Again --> know pressure at different parts of circulation --> mean pressure at arteriolic ends is about 30-38 Hgmm (because resistance to blood pressure is the highest in the arterioles they produce the biggest pressure drop) Normal pressure values o Baby - > 80/50 o Child --> 90/60 o Adolescent --> 105/70 o Adult --> 120/80 o Physiological borders (at rest)  140/80> --> Hypertonia  60/40 < --> Hypotonia Arteries are able to extend (Windkessel effect) o Although mean velocity of blood flow in aorta is 40 cm/s, the flow is phasic --> during systole it reaches 120 cm/s, during diastole it can even be negative based on backflow (aortic notch) o --> BUT forward flow is continuous because the vessels extend during systole and store kinetic energy --> during diastole they recoil and by the release of this kinetic energy they keep up a constant flow o --> this effect is called WINDKESSEL effect (supposed to be a german word for elastic reservoir Measurement of arterial blood pressure o Direct method --> introduction of sensor o Indirect method --> Riva Rocci method --> listening to Korottkoff sounds --> lower the pressure at a rate of 5Hgmm per heartbeat o Very important graph which shows the changes at arterial pressure by time including inspiration and expiration phases  During inspiration (even shortly before) --> bp rises  During expiration (even shortly before) --> bp drops o The graph contains three waves  Primary wave: systole/diastole cycle  Secondary wave (Trauber-Hering wave): inspiration/expiration cycle (mediated by baroreceptors in the lung  inspiration increases heart rate, expiration decreases heart rate)



PHYSIOLOGY © D.A.T.Werner 



•



•



•



•



Tertiary wave (Mayer wave): caused by changing discharge of baro- and chemoreceptors  their change in discharge (e.g. due to hypoxia for chemoreceptors) elevates the bp slightly which then compensates the problem  bp drops slightly again until it stimulates the chemoreceptors again Regulation of arterial blood pressure o Happens by changing the determinants of the pressure by three main systems o Baroreceptor reflex (look q. 37, 38) o Renin-angiotensin-aldosterone system  this regulates the bp slow but in long term o Other regulators  Cerebral ischemia  if brain is ischemic the pCO2 in brain tissue increases  sympathetic stimulation • Example for this is the cushing reaction  increase in intracranial pressure compresses the cranial blood vessels and results in cranial ischemia + increases pCo2  sympathetic stimulation and profound increase in arterial blood pressure o Chemoreceptors in carotid and aortic bodies  overall a decrease in pO2 results in sympathetic stimulation o ADH (antiduretic hormone or vasopressin)  Look future kidney chapter o ANP (atrial natriuretic peptide)  Is released from the atria in response to an increase in blood volume and atrial pressure  Causes vasodilation  decreased TPR  decreased blood pressure Determinants of arterial blood pressure o Cardiac output o Total Peripheral Resistance o Elasticity of aorta o Isovolemia  increase in blood volume = increase in BP Daily changes of arterial pressure o Sleeping --> low bp o Waking up (even shortly before) --> bp rises o Exciting events during the day --> sparks o Early afternoon --> drop in bp o Exercise/sex --> high continuous spark Manipulation of arterial pressure and its consequences o Increase of Total Peripheral Resistance  Increase in diastole, systole, massively in mean art. Pressure  No change in pulse pressure o Decrease of Total Peripheral Resistance  Increase in pulse pressure  Decrease in diastole, systole (more than in diastole), mean art. Pressure o Increase in Frequency (heart rate)  All four increase o Decrease in Frequency (heart rate)  All four decrease o Increase in Stroke Volume  Increase in mean art. Pressure, Pulse pressure  Diastole does not change (since during ventricular systole the diastolic pressure remains unchanged)   increase in SV produces an increase in systolic pressure  pulse pressure rises to same extent as systolic pressure o Decrease in elasticity  Increase in systole  Decrease in diastole
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 No change in mean art. Pressure (since above equals out)  No change in pulse pressure Types of changes in arterial pressure o Important graph Effect of Gravity o The pressure in any vessel below the heart level is increased , above heart level decreased o The effect of gravity increases or decreases the pressure of blood at a rate of 0.77 Hgmm / cm o --> if mean art. Pressure is 100Hgmm at level of heart, an artery in the head (50cm higher) has a pressure of 62Hgmm, an artery in the foot (105cm lower) has a pressure of 180Hgmm Characteristics of arterial pressure o Know the wave type in the graph o Know the pulse curve (its shape and parts) o Palpation locations  Temporal artery, carotid artery, axillary artery, cubital artery, radial artery, femoral artery, popliteal artery, dorsalis pedis artery o Pulse qualities (can be determined by applying pressure with 3 fingers)  Regularity --> regular/irregular  Rate --> rapid/slow  Width --> filled/thin  Amplitude --> large/small  Quickness --> fast/slow  Hardness --> hard/soft o Pulse Values  Baby 110  Child 100  Adolescent 85  Adult 70  Physiological limits (at rest) • bradycardia • >100 --> tachycardia



Exam Question 24 “The arterial and venous pulse” • During systole blood is squeezed into the ascending aorta --> this forces the aortic wall to expand locally due to a pressure difference in the proximal and distal part of the vessel --> this wall expansion will travel along the vessel as a pressure wave and is palpable as pulse on certain body spots • The travel rate of the pulse is INDEPENDENT and much HIGHER than the velocity of blood flow o 4m/s in aorta o 8m/s in large arteries o 16m/s in small arteries of adolescents and young adults ☺ • Strength of pulse is determined by pulse pressure o Weak during shock o Strong during high stroke volume (e.g. after heavy exercise) • Atrial pressure changes and their effect on the jugular pulse o Atrial pressure changes cause a pulse in the large veins close to the heart -->for better visualization I added the graph
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A wave o Atrial systole --> when the atrias contract, blood flows back in the great veins (regurgitation) creating a pressure increase o Additionally venous inflow stops --> for a short time more blood/volume in veins pressure rise C wave o During isovolumetric ventricular contraction the tricuspid valve bulges into the right atrium --> pushing blood into the vena cava --> increase in pressure V wave o Increase in atrial pressure due to inflow of blood until the atrioventricular valves open The compliance of the aorta and large arteries will compensate for the pressure fluxations, and the resistance of the vessels will work against blood flow, thus the arteries and arterioles are dampening the pulsations in pressure to almost nothing before they reach the capillary bed. This makes sense because the tissues require a steady blood flow without periodicity.Only in very abnormal cases can pulsations be sensed in the capillary pressure.



Exam Question 25 “Circulation through the capillaries (microcirculation)” • About 5 % of total blood in circulation are present in the capillaries (this is the least amount in the total circulation) --> but these 5% are the most important because in the capillaries the gas exchange for the tissues as well as the removal of waste product from the tissues is taking place --> essential to tissue survival • Diffusable substances cross the capillary wall directly o Gases o Small non polar substances • Water soluble substances need pores o Sugars o Large non polar molecules o Polar substances • Structure of capillaries o In systemic circulation  Radius = 3µm  Length= 750 µm  --> note that the radius is smaller then the diameter of an RBC o In pulmonary circulation  Radius = 4µm  Length = 350µm o Capillary wall structure  Continuous --> in brain
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 Fenestrated --> in kidney  Non – continuous --> in liver, spleen o Capillary pores  Intracellular --> diameter 20-25nm  Intercellular --> 4-4.5nm Microcirculation can be regulated by the means of a sphincter muscle which regulates how much blood enters the capillaries --> this muscle opens and closes periodically --> during stress it is open longer then closed during decreased oxygen demand it is closed longer then open --> the reason for this is that there is not enough oxygen for the whole body at the same time --> so the system has to be economical How to measure o The number of capillaries  In continuous flow of a closed system ܣ1 ∗ ܸ1 = ܣ2 ∗ ܸ2  We know the area and velocity of the aorta  If we measure the diameter of a capillary, we can calculate how many capillaries are necessary to fill the surface area of the aorta (since it’s a closed system there is no magic addition of surface from somewhere)  --> we can calculate the area of the capillaries --> now the only unknown factor is the flow velocity which can be calculated o The total surface area: since we know the cross sectional area, we just measure the length and then calculate it --> 1000m2 Diffusion o Diffusion of small polar substances or gases depends on four factors  1) the concentration gradient --> the bigger the higher the rate of diffusion  2) the area across which diffusion takes place --> the greater --> the higher the rate of diffusion  3) the thickness of the wall across which diffusion takes place --> the thinner the higher the rate of diffusion  4) the diffusibility (constant which is dependent on the material diffusing o These factors are combined in Fick`s Second Law 
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= ∗  ∗ ܦሺܲଵ − ܲଶ ሻ ்



 ܶ = ܶ ;ܽ݁ݎܣ = ܣℎ݅ܿ݇݊݁ݏݏ, ݕݐ݈ܾ݅݅݅ݏݑ݂݂݅݀ = ܦ, ܲ1 − ܲ2 = ݐ݊݁݅݀ܽݎ݃ ݊݅ݐܽݎݐ݊݁ܿ݊ܥ Hydrostatic pressure o In capillaries the hydrostatic pressure is high (especially in lower regions of the body due to the effect of gravity (look Question 23) o Capillaries can withstand the high pressure although they have a small diameter and wall thickness (or rather because they have a small diameter and wall thickness) o --> Laplace relationship states that vessels with a smaller wall thickness and a smaller radius require lower tension in the wall to withstand a given pressure o --> capillaries can withstand same pressure as aorta Capillary filtration / Oncotic pressure o The movement of liquid from the capillaries into the tissues is called “filtration” o The movement of liquid from the tissues into the capillaries is called “absorption” o Filtration and absorption are important for nutrient/waste exchange in the tissues --> 20L/day are filtrated and 18L/day are reabsorbed --> the remaining 2L/day enter the lymphatic vessels o The rate of filtration and absorption depends on the osmotic pressure inside the capillaries  It is important to realize that this pressure is not regulated by the ion concentration here because ions can freely cross the endothelial wall of the capillaries and the concentrations are therefore equalized between tissue and capillary  Instead the difference in the osmotic pressures is mainly caused by proteins  --> Osmotic pressure caused by protein concentrations is called “ONCOTIC Pressure” o Formula: ܳ = ݂݂݁ܲ ∗ ܥܨܥ
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 Q --> filtration or absorption rate  CFC --> endothelial filtration coefficient  Peff --> effective filtration pressure Starling equation for calculation of effective filtration pressure:  ݂݂ܲ݁ = ሺܲܿ − ݂ܲ݅ሻ − ሺߨܿ − ߨ݂݅ሻ  Pc --> hydrostatic pressure inside the capillary  Pif --> hydrostatic pressure in the tissues  ߨܿ → ݁ݎݑݏݏ݁ݎ ݕݎ݈݈ܽ݅ܽܿ ܿ݅ݐ݉ݏ  ߨ݂݅ → ݁ݎݑݏݏ݁ݎ ݁ݑݏݏ݅ݐ ܿ݅ݐ݉ݏ  ߨܿ is mainly determined by the colloid osmotic pressure of albumins and globulins in the plasma (the oncotic pressure)  --> it is 25Hgmm in plasma and -5Hgmm in interstitium  Peff in arterial part of circulation is +10 --> materials are pushed out  Peff in venous circulation is –10 --> materials are absorbed  --> this is due to the changes in hydrostatic pressure in the both circulations  --> in pulmonary circulation the mean arterial pressure is low --> the Peff = 0 --> here you just have reabsorption



Filtration and Reabsorption can be regulated by constriction/dilatation of certain parts of the circulatory system  Important graph is missing Regulation of microcirculation o Look Question 35,36 o



•



Exam Question 26 “The properties, production and movement of lymph” • Properties o Lymph is basically identical to interstitial fluid since it is basically a different term for interstitial fluid as soon as it enters the lymph vessel o It contains  Proteins
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Glucose Lipids (esp. in the regions of the intestine) Lymphocytes Antibodies Ions (higher concentration of anions and lower concentration of protons in comparison to plasma)



Production o Every day 2-3 Liters of lymph are produced o 10% of interstitial fluid which is filtrated out of the capillaries is NOT reabsorbed by them but enters the lympathic circulation o The amount of lymph produced in a given tissue depends on the pressure of fluid in the interstitium which is dependent on  Hydrostatic capillary pressure (higher  more lymph)  Oncotic capillary pressure (higher  less lymph)  Hydrostatic interstitial pressure (lower  more lymph)  Oncotic interstitial pressure (lower  less lymph) o Basically the more fluid goes into the interstitium  the more lymph is produced UNTIL a certain point at which the lymph vessels are compressed due to the high pressure o The pressure at which the lymph drainage from the tissues cant go any faster is termed “maximum flow rate” Movement o Almost all tissues contain a fine network of lymphatic capillaries o The endothelial cells of the capillaries are anchored to surrounding tissues by anchoring filament o  this creates a valve like function for the endothelial cells o  as pressure in the interstitium rises it will pull on the anchoring filaments and the “valves” open o  lymph will drain into the capillaries but backflow is prevented again by the “valves” o For better understanding: o



o



o o o



From the small capillaries collecting ducts are formed by fusion  have surrounding smooth muscle cells and contain real valves which prevent backward flow and separates the lymph vessel into compartments When one compartment is filled the smooth muscle contracts and squeezes the fluid through the valve into the next compartment and so on  this process is called “lympathic pump” Additional compression by surrounding skeletal muscle aids the movement Periodically the lymph runs through nodes which are rich in white blood cells  here the lymph is filtered and antigens are removed
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PHYSIOLOGY © D.A.T.Werner Finally the lymph vessels drain into the thoracic duct which empties into the left venous angle OR the right lymphatic duct which empties into the right venous angle  here the lymph reenters the blood after being filtered Special characteristics o Brain and CNS do not have lymph vessels but the interstitial fluid is drained into the cerebrospinal fluid (look circulation of brain) and from there into the blood o Certain areas have no lymph drainage  Bone marrow  Superficial portion of skin  Cornea of eyes  Cartilage  Pulmonary alveoli o Lymph in the abdominal region has a whitish appearance due to a high lipid concentration (chylomicrons) drained from the digested materials in the small intestine o Lymphatic vessels are more permeable to large particles than blood vessels  intruding antigens preferably enter the lymph circulation  screw themselves o If lymph is not drained adequately, fluid accumulates in the interstitium causing an edema o



•



Exam Question 27 “Venous circulation --> effect of gravity” • In the human the work of the heart in a standing position is not enough to pump the blood through the veins back into the heart (venous return) • Therefore the following mechanisms aid in the venous return o Vis a tergo --> heart work (main part of force is generated here) o Vis a laterale --> forces acting from the side of the blood vessel  Muscle pump --> veins contain valves which prevent back flow of blood --> every time skeletal muscle contracts --> vein is squeezed --> blood is squeezed upward since it can go only in one direction  Thoracoabdominal pump  Arterial pulsation o Vis a fronte --> force acting from the end of the veins --> during systole the heart pulls on the large veins --> creates pressure drop in jugular vein --> blood gets sucked towards heart • Gravital Effects o In standing upright position the venous pressure in the head is 0 and in the feet 85-90Hgmm o Due to venous capacitance 300-500mL blood accumulate in the insterstitium in the veins in the lower body region o In some individuals sudden standing causes a fall in blood pressure, dizziness and even fainting --> orthostatic postural hypotension o In order to compensate these effects of gravity compensatory changes have to take place  Heart rate increases  Cardiac output increases  Stroke Volume increases  Total Peripheral Resistance increases to retain more blood in arterial system  Central blood pool decreases because more blood enters circulation • Venous return curve
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Shows the relationship between venous return and right atrial pressure Mean systemic pressure  Is the point at which the venous return graph crosses the X-axis  value of venous return = 0 at this point  This is the pressure of the right atrium (x-axis) when there is no blood flow in the system  Can be measured by experimentally stopping the heart  Mean system pressure can be increased by • Increase in blood volume • Decrease in venous compliance •  Increase in mean systemic pressure shifts the venous return curve to the right  Mean systemic pressure can be decreased by • Decrease in blood volume • Increase in venous compliance • Decrease in mean systemic pressure shifts the vascular function curve to the left Slope of the venous return curve  Is determined by the resistance of the arterioles BECAUSE the higher the resistance in those, the more blood is present in the arterial system and therefore cannot participate in the venous return  Decrease in Total Peripheral Resistance (TPR)  increases venous return because more blood is allowed to flow from the arteries to the veins and back to the heart • Decrease in TPR causes clockwise “rotation” of venous return curve (marked in diagram)  Increase in TPR  decrease in venous return • Counterclockwise rotation of curve Cardiac output curve  Is connected to venous return curve  Cardiac output can be changed by altering venous return curve or both curves at the same time  The point at which the two curves intersect is the point at which steady state occurs  cardiac output = venous return here



Exam Question 28 “The Pulmonary Circulation. Control of lung vessels” • Also called “lesser circulation” • Conducts the same volume has the systemic circuluation
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--> resting cardiac output is the same as in systemic circulation Circulation values o Pressure  Systolic pressure 24Hgmm  Diastolic pressure 9Hgmm  Mean art pressure 14Hgmm  Pressure drop 6Hgmm  Pressure in left atrium 8Hgmm o Blood volume distribution  Blood volume in capillaries at rest: 60-70mL (can increase to 3x under stress)  Blood distribution in general: • High p system 11 % • Low p system 79 % • Heart during diastole 10 % • (pulmonary circulation) (33 %) --> part of low p system • --> due to that the pulmonary circulation system can act as a blood reservoir Blood vessels o Are thinner due to a smaller amount of smooth muscle in their t. media o Have a bigger diameter o Are shorter o Are more flexible --> have a higher compliance o There are no real arterioles present (capillary ends of arteries here don’t create the necessary resistance to have the function of an arteriole) o Total Vascular Resistance created  50% in arteries  35% in capillaries  15% in veins Capillaries in detail o Diameter --> 7-10µm (therefore RBCs don’t have to squeeze and have a maximum surface area for gas exchange --> usual capillary diameter in systemic circulation is 5-6µm) o Length --> 350µm o Transit time of RBC in resting state: 750ms o Transit time of RBC under stress: 300-350ms o The capillaries surround the alveoli and the network together has the same surface area as the alveolar surface together --> 60-80m2 Effects of gravity on pulmonary circulation o The lung can be divided in three areas exhibiting different pressure characteristics  1) apex --> here the alveolar pressure is bigger than arterial and venous pressure of the capillaries --> capillaries can be compressed (e.g. due to hemorrhage  drop of arterial bp OR due to increase in alveolar pressure during ventilation --> blood flow stops  2) intermediate part --> here the alveolar pressure is only bigger than the venous pressure -> during diastole the capillary can get compressed; blood flow is driven by the difference between arterial pressure and alveolar pressure  3) basis --> here the two vascular pressures are bigger than the alveolar pressure --> blood flow is always continuous  !! Under physiological conditions there is no temporary stop of blood flow in the lungs at any time so usually a general characteristic of blood flow is anticipated for the whole lung which is comparable to that of the intermediate part !! Filtration Pressure o Influenced by  Oncotic pressure (which is the same as in the systemic circulation)
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Hydrostatic pressure (which is way lower than in the systemic circulation) --> an increase in hydrostatic pressure causes mainly an increase outflow of fluids  Under physiological conditions: • Oncotic pressure in capillaries: 25mmHg • Hydrostatic pressure in capillaries: 10mmHg •  filtration pressure of -10mmHg  NO fluid is filtrated and enters the alveolar air spaces Causes of increase in hydrostatic pressure  Failure of left ventricle  myocardium does not contract fully or properly --> decrease in systolic pressure --> not enough blood from pulmonary enters systemic circulation --> increased volume --> increased hydrostatic pressure  Failure of mitral valve --> valve does not close or close properly --> during systole a part of the blood is pumped back into the pulmonary circulation --> increase in pressure Consequences of increase in hydrostatic pressure  Until a certain amount the excess of filtration fluid can be compensated (e.g. macrophage system which phagocytoses RBCs passing through)  After failure of compensation a pulmonary edema occurs --> accumulation of fluid in the alveoli  --> disturbs gas exchange and can be fatal  Left ventricular failure can cause edema since it increases the amount of blood and therewith the hydrostatic pressure in the left atrium and pulmonary circulation



Special characteristics/problems/functions o In the apex of the lung microorganisms can accumulate since the blood flow is the lowest here --> cannot be cleared out that good --> this is the part of the lungs which is most susceptible to infections o Low pressure system is highly sensitive to increases in hydrostatic pressure (look above) o The pulmonary circulation reacts (as only part of circulation in body) different to hypoxia, hypercapnia in the tissues --> causes vasoconstriction (because here CO2 MUST not be removed from the tissues by the blood since this is the area where O2 should enter the blood to supply the body) --> parts affected by the mentioned symptoms are poorly ventilated o --> all other parts of the body --> vasodilation because here CO2 is supposed to be removed from the tissues as fast as possible o The lung exhibits a filtering function in that if a atherosclerotic plug or a small thrombus breaks of inside the arteries and enters the pulmonary circulation it might stick and clot in a small vessel there without creating any consequences (besides if it blocks the main pulmonary vessels --> fatal) Shunts o Are mixing of blood from low pressure system with blood from high pressure system at locations that are not physiological o Right-to-Left Shunts  2% of cardiac output bypasses the lungs so a small amount of right-left shunts is normal  Under presence of congenital abnormalities this amount can increase (e.g. tetralogy of Fallot)   result in mixture of venous with arterial blood  drop of oxygen concentration in arteries (therefore the pressure of O2 in the arterial blood is 95 and not 100Hgmm as in the alveoli)  Magnitude of right-to-left shunt can be measured make the patient breathe 100% O2 and than measure the dilution of oxygenated blood in arteries by venous blood o Left-to-Right shunts  Not physiological but frequently caused by congenital abnormalities due to higher pressure on the left side of the heart (e.g. patent ductus arteriosus)  DO NOT result in decrease of arterial pO2 since arterial blood mixes with venous blood and not the other way around
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Ventilation/Perfusion defects o V/Q ratio  ratio of alveolar ventilation (V) to pulmonary blood flow (Q)  the ratio is important to achieve ideal exchange of O2 and Co2  normally 0.8 o Ventilation and blood flow (as mentioned above) are unevenly distributed in the lungs o Blood flow is lowest at the apex and highest at the base due to gravitation o Ventilation is lower at the apex and higher at the base as well but the difference has a smaller magnitude than for blood flow o  V/Q ratio is higher at apex and lower at base of lung   at apex  PO2 is highest and PCo2 is lowest since more gas exchange occurs here   at base  opposite Nervous control o Unlike to the systemic circulation the effect of acetylcholine (parasympathetic action) causes vasoconstriction and norepinephrine vasodilation



Exam Question 29 “The coronary circulation” • The heart tissue itself is supplied by the coronary arteries which branch of from the ascending aorta • Most of the venous blood returns to the heart via the coronary sinus which empties directly into the right atrium • Blood volume circulating in coronary circulation  5% of cardiac output • During systole the coronary vessels are compressed and blood flow is reduced • Additionally during systole (since the pressure in the left ventricle here is higher than in the aorta) flow in the vessels supplying the left ventricle stops  blood flow here only during diastole •  Reactive Hyperemia  after period of occlusion flow increases to “repay” the oxygen debt to the tissues • Main regulators of circulation o Hypoxia o Adenosine • Sympathetic nerves play only a minor role • Stimulation of vagal nerves cause vasodilation • Coronary arterioles contain alpha and beta adrenergic receptors o Injection of norepinephrine cause vasodilation as secondary effect of positive chrono- and inotropism o IF beta blockers have been administered, norepinephrine causes vasoconstriction



Exam Question 30 “Cerebral circulation. The concept of “blood-brain barrier”” • Main blood supply in the brain is given by: o Arterial: left and right carotid arteries supply the corresponding cerebral hemispheres --> since the pressure in the two arteries is equal the arterial blood from the two hemispheres does NOT mix o Venous: drainage occurs in the deep veins which drain into the dural sinuses and those empty out into the right and left internal jugular veins --> venous blood of the two hemispheres mixes • Anatomical structures of the brain important for this topic o Brain ventricles  Set of structures in the middle of the brain which are continuous with the central canal of the spinal cord  The ventricles are the spaces in which cerebrospinal fluid is found before it enters the circulation o Choroid plexus  Is a special area within the ventricles which produces most of the cerebrospinal fluid by modified ependymal cells (some kind of special epithelial cells lined with neural cilia from the CNS) • Anatomical features of cerebral blood vessels
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PHYSIOLOGY © D.A.T.Werner Within the choroid plexuses the capillaries have gaps inbetween their endothelial cells --> therefore a layer of “choroid cells” separates the blood circulation from the cerebrospinal fluid (mentioned below) --> the choroid cells are interconnected by tight junctions and therefore substance exchange between blood and CSF can only occur via transporters in the membrane of those cells (see more detailed in the blood-brain barrier) o Within the brain matter itself the capillaries are sealed by tight junctions inbetween their endothelial cells o Brain capillaries are surrounded by “end feet astrocytes” which are cells that have long, star shaped cytoplasmic extensions --> astrocytes have different important functions  Provide sealing for the blood-brain barrier  Secrete biochemical substances which e.g. stimulate transporters within the blood-brain barrier  Secrete regulators of blood flow (vasoconstrictors, dilatators)  Supply additional glucose to neurons  Many other functions Cerebrospinal fluid (CSF) o Volume 150ml o Daily CSF production 550ml/d o Turnover rate 3.7x/day o 50-70% is synthesized in the choroid plexuses, remainder is formed in blood vessels and ventricular walls o



•



•



Cerebrospinal circulation o For a better understanding of the pathway of the CSF I add the following macroanatomical graphic



o o



CSF in the ventricles flows to the subarachnoid space and is absorbed through the arachnoid villi into the venous sinuses Additionally a similar kind of villi project into veins around spinal nerve roots --> these villi permit direct flow of CSF into the venous blood
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o Free exchange between the CSF and brain interstitial fluid takes place Function of the CSF o Has a protective function --> it cushions the brain (the brain ways about 1400g but while floating in the CFS its net weight is about 50g) o Every move of the head results in a move of the brain which is compensated by the CSF cushion --> without the fluid the brain would suffer from traumas even due to only minor movement (e.g. head shaking) o --> removal of spinal CSF during lumbar puncture can cause severe head aches Blood-brain barrier o Tight junctions between endothelial cells of capillaries within the brain matter as well as tight junctions between the choroid cells prevent proteins from passing between the blood and the brain, furthermore penetration of smaller molecules is very slow o The function of the blood-brain barrier is mainly to protect the brain from toxic substances circulating in the blood which also can be transported by the plasma proteins as well as maintain a very distinct ionic concentration since the neurons are very sensitive and dependent on these concentrations o There are numerous active transport and carrier systems in the capillaries and choroid cells respectively o Penetration of substances  Water, CO2, O2 and lipid soluble steroids penetrate the brain easily  Proteins and polypeptides are restricted  Glucose is the main energy source for the brain cells and it is transported into it via GLUT-1 transporters across the walls of the capillaries --> if deficiency of that transporters occurs due to congenital disease the development of children is delayed and marked by seizures  Na+, K+ and Cl- ions enter the brain via a unique cotransporter which is regulated by a humoral factor released from the astrocytes  Aminoacids pass via a specific transporter  Thyroid hormones pass via a specific transporter  Choline passes via a specific transporter  Nucleic acid precursors pass via a specific transporter o Penetration of drugs and toxins also occurs but a multidrug non-specific transporter pumps these out immediately back into the blood stream (P-glycoprotein ATP-binding cassette)  --> if a pharmacologic agent could be developed which inhibits the action of this transporter, this could have a positive effect on treatment of CNS tumors and diseases because it is very difficult to administer adequate amounts of drugs into the brain Parts of the brain OUTSIDE the blood-brain barrier --> Circumventricular organs o When the blood-brain barrier was discovered, a dye was injected into the blood plasma which binds to plasma proteins for transport --> since plasma proteins cannot cross the blood-brain barrier, most of the brain remained unstained o BUT four small areas in or near the brainsteam stained like all other tissues (posterior pituitary, part of the median eminence of the hypothalamus (area postrema), organum vasculorum of the lamina terminalis (OVLT) and the subfornical organ) o These areas are referred to as circumventricular organs and are said to be “outside” the blood-brain barrier o The function of these areas is to let polypeptides which are secreted by neurons (e.g. vasopressin) enter the blood stream as well as being receptors for polypeptides in the blood which have altering function on the brain action Cerebral blood flow and its regulation o The brain, spinal cord, spinal fluid and cerebral vessels are enclosed by the cranial bones as in a rigid bony cavity o Therefore intracranial pressure plays a crucial role in preventing the cranial vessels from rupture or complete compression since there is no possibility of elastic extension
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PHYSIOLOGY © D.A.T.Werner --> volume relations of blood, brain, and spinal fluid in the cranium must be constant at any time (stated by the MONROE-KELLIE DOCTRINE) o Regulation of pressures and their consequences  Still to be understood --> ganon page 617 o Blood flow in the brain is constant under physiological conditions no matter if under stress or at rest Oxygen consumption of the brain o 3.5 ml/100g brain/min o Extremely high sensitivity to hypoxia --> occlusion of blood vessels lead to unconsciousness within 10 seconds, disturbance of oxygen supply for 2mins or more has fatal consequences for neural tissues o Interruption of blood supply to a part of the brain results in a stroke --> ischemia (restriction of blood supply) kills the cells of the area o



•



Exam Question 31 “Splanchnic circulation” • Venous drainage from intestines, pancreas and spleen drains via portal system into the liver and from there into the inferior vena cava • Viscera and liver receive 30% of cardiac output via celiac trunk and superior + inferior mesenteric arteries • Autoregulation is dominant factor o Blood flow in intestines responds mainly to metabolic factors (since metabolites are absorbed by small intestine and transported towards the liver)  blood flow in this system doubles after a meal • Reservoir function o 25-30% of liver volume is blood o Constriction of capacitance vessels can pump 1 liter of blood into the arterial circulation in less than a minute o During exercise constriction of those vessels and those of other blood storing organs (e.g. skin and lungs) increases blood volume in the muscles by 30%



Exam Question 32 “Skeletal muscle circulation. Cutaneus circulation” 1) Cutaneus circulation • Blood flow in the skin mainly determines the amount of heat lost from the body  blood flow in response to thermoregulatory stimuli can vary from 1 (ONE) – 150ml/100g of skin/min • Fingers, toes, palms and earlobes contain well-innervated anastomotic network of capillaries and venules • Skin is blood reservoir • White reaction o Pressure on skin evokes a whitish colour at the pressure point which remains shortly after removal of the pressure  “white reaction” o This is due to contraction of precapillary sphincters (initiated by the mechanical stimulus)  blood drains out of the capillaries and small veins • Triple response o Stronger irritation of the skin (e.g. during injury) causes three characteristic consecutive reactions  together the “triple response” o Red reaction  After about 10 seconds of irritation a reddening of the spot appears due to capillary dilation o Wheal  Local edema develops as consequence of capillary swelling (increased permeability of capillaries and venules due to dilation AND the local release of histamine) o Flare  Redness spreading out from the area due to dilation this time of the arterioles • Regulation of blood flow o Extrinsic regulation
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The skin has extensive sympathetic innervation  noradrenergic stimulation causes vasoconstriction  Vasodilation is caused by decrease of constrictor tone  Painful stimuli cause vasoconstriction by stimulation of noradrenergic nerves  Cold causes vasoconstriction  Shock is more extensive in patients with higher temperature  shock victims must not be warmed to a point where their body temperature rises 2) Skeletal muscle circulation • Extrinsic regulation o Sympathetic innervation is responsible for blood flow regulation in resting muscles o Arterioles are densely innervated, veins less densely o Alpha receptors  vasoconstriction o Beta2 receptors  vasodilation o Total Peripheral Resistance is determined to a main part in the arterioles of skeletal muscle because it has a high fraction on the body mass (helöö bitches ☺) • Autoregulation o Active hyperemia:  During exercise metabolic control dominates  Lactate, adenosine and K+ cause vasodilation o Reactive hyperemia:  During muscular contraction the vessels are compressed  reactive hyperemia occurs after reopening of the vessels



Exam Question 33 “Nervous control of the heart” • Besides the effect of the starling mechanism (displacement of ventricle affects cardiac output) the heart is under control of the sympathetic and parasympathetic (Vagal) nervous systems • Vagal system o Vagus nerve mostly innervates nodal areas  Right vagus nerve  SA node  Left vagus nerve  AV node o Nerve ends release acetylcholine which increases the permeability of myocardial cells for K+  lowering the resting membrane potential o Cholinergic receptors are  Muscarininc (in the heart) • !! can be blocked by atropine  increases heart rate!!  Nicotinic (in other parts) o Goltz reflex  If a strong concussive force hits the heart the mechanoreceptors perceive it as a too fast contraction of the heart  vagal stimulus is elicited and lowers the heart rate  A very strong punch can actually stop heart beat by entire inhibition of self excitation of the SA node o Ventricular escape  If the SA node is out of function (e.g. due to stannous ligature or goltz reflex) the purkinje fibers take over control as secondary pacemaker and the heart will start beating at a lower frequency  VENTRICULAR ESCAPE o Vagal effects  Negative chronotropic effect  heart rate decreases (dominating effect of vagal nerve)  Negative dromotropic effect  conduction velocity of AP decreases  Negative bathmotropic effect  excitability of heart decreases
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 Negative tonotropic effect  resting tone of heart muscle decreases  Indirectly they also have a negative inotropic effect! Sympathetic system o Sympathetic fibers are evenly distributed throughout the heart o Nerve endings release norepinephrine which increases membrane permeability for Na+ and Ca++ o Look at graph below for changes in pacemaker slopes o Strong sympathetic stimulation can increase the heart rate as much as 3x and double the strength of contraction o Sympathetic fibers stimulate 3 different receptors  Alpha receptors • Found in smooth muscle  stimulation causes vasoconstriction (and relaxation of small intestine)  Beta 1 receptors • Found in heart  Beta 2 receptors • Found in all parts of the body • High amount in bronchial tree • Here stimulation leads to vasodilation (by inhibition of contraction) •  asthma patients are treated with low doses of adrenaline in severe cases o Sympathetic effects  Positive chronotropic effect  heart rate increases  Positive dromotropic effect  action potential is faster conducted  Positive bathmotropic effect  excitability of heart increases  Positive inotropic effect  strength of contraction increases (dominating effect of sympathetic system on heart)  this is due an increase of inward Ca++ current during the plateau of each cardiac action potential as well as an increase in the activity of the Ca++ pump, puming calcium into the smooth ER  more calcium is ready for release into the cytosol  more forceful contraction of the muscle  Positive tronotropic effect  resting tone of heart muscle increases Chronotropic effects



As mentioned before the release of acetylcholine or norepinephrine change the slopes of the pacemaker potentials and therewith the frequency of the heart
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Blood flow is regulated by TWO main systems in order to ensure adequate blood supply as well as economic distribution of blood volume Autoregulation (Local OR intrinsic regulation) o has two main functions  A) --> maintain a blood flow under changing conditions --> e.g. the blood pressure suddenly changes but the flow to the organ has to be the same  B) --> adjust blood flow according to the metabolic change of an organ --> increase or decrease based on need (Active Hyperemia) o Factors of Local Regulation (depend on the tissue  check USMLE review book p. 98 table 3-3 + Questions about special circulations) o Active Hyperemia is the term for change in blood flow due to metabolic needs of the tissue (in general increased need for metabolite exchange causes vasodilation)  Hypoxia --> vessel dilatation  Hypercapnia (increase in CO2 conc of tissues) --> vessel dilation  Adenosine  Lactate --> mainly in skeletal muscle due to anaerobic metabolism during contraction --> increased conc. of H+ --> vessel dilation  H+ itself --> vessel dilation  K+ --> vessel dilation o Local regulation is also acting in response to myogenic factors  Vascular smooth muscle ensures that vessels contract upon increase in blood pressure (function A) o Reactive Hyperemia  After vessel occlusion the vessel dilates in order to fill up the oxygen lack fast Extrinsic (hormonal regulation) o Nervous regulation  Sympathetic (noradrenergic) nerves stimulate alpha, beta1 and beta2 receptors • Dependent on the tissue they have different effects but in general you can say that sympathetic stimuli cause vasoconstriction  Parasympathetic (cholinergic) nerves cause vasodilation by inhibition of the sympathetic signals o Local regulation is facilitated by vasoactive substances (vasoactive hormones): o Prostacyclin  Prostacyclin is produced by endothelial cells  It inhibits platelet aggregation --> vasodilation o Thromboxane A2  Thromboxane A2 is produced by platelets and promotes vasoconstriction (look blood clotting question) o ANP o Histamine via H2 receptor o Nitric Oxide (NO) (this chapter only focuses on its effect on blood flow)  Is synthesized from arginine in endothelial cells and released  It diffuses into the smooth muscle of the tunica media and activates guanylyl cyclase  --> guanylyl cyclase produces Cyclic GMP  --> Cyclic GMP causes the relaxation of smooth muscle --> vasodilation  NO is a very important factor for regulation of vascular blood flow also because it mediates many other factors • Acetylcholine • Histamine via H1 receptor
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Kinins 











• Bradykinin • VIP • Substance P • --> all act at one point in vasodilation by stimulating NO NO also counteracts or balances the effect of certain vasoconstrictors • There effect would be much stronger if they wouldn’t at the same time stimulate the synthesis of NO Tonic release of NO is necessary to maintain a normal blood pressure Atherosclerosis reduces the concentration of nitric oxide --> can cause thrombosis Addition: Cyclic GMP is inhibited by PDE 5 which causes vasoconstriction by this effect --> VIAGRA inhibits PDE 5 and therefore causes vasodilatation ☺ Bradykinin • Synthesized from kininogen by kallikrein (protease) • Kallikrein is present as o Plasma kallikrein  circulating in inactive form  is converted to active form by active factor XII (look blood clotting cascade) o Tissue kallikrein • Bradykinin causes visceral smooth muscle contraction --> vasoconstriction • --> ??? although thieme book also lists it as vasodilatator Lysylbradykinin (also called kallidin) • Synthesized the same way as bradykinin but bradykinin originates from lysylbradykinin in that way that an enzyme named aminopeptidase cleaves a part of the lysylbradykinin in order to from bradykinin • Lysylbradykinin stimulates NO secretion and therefore is a vasodilator Endothelin – 1 • Produced by endothelial cells • Most potent vasoconstrictor agent • Belongs to a gene family (endothelins 1-3) • Endothelin is a local paracrine regulator of vasoconstriction via ETa receptors but can also lead to vasodilatation by stimulation of ETb receptors --> stimulation of NO ??? • Because of its potent action it is inhibited by the most vasodilators to reduce its countereffect • Its levels are found to be elevated in congestive heart failure and after myocardial infarction



Constriction



Dilation



Local Factors



Local Factors



Decreased local temperature



Increased CO2 Decreased O2 Increased K+ Increased Adenosine
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Endothelial products



Endothelin-1



NO



Serotonine (5-hydroxytryptamine)



Kinins



Thromboxane A2



Prostacyclin



Circulating Hormones



Circulating Hormones



Epinephrine if it acts on alpha receptors



Epinephrine in if it acts on beta2 receptors (and beta1 receptors which are only present in the heart)



Norepinephrine CGRPalpha Angiotensin II Substance P Circulating Na+-K+ ATPase inhibitor (cardiac glycosides



Histamine (5-



Neuropeptide Y  inhibits vagal action



ANP



Vasopressin (ADH)



VIP



Neural Factors



Neural Factors



Increased discharge of noradrenergic vasomotor nerves (sympathetic nervous system)



Decreased discharge of noradrenergic vasomotor nerves Increased discharge of parasympathetic nerves



Exam Question 37 “The function and importance of baroreceptors in the regulation of circulation” • Baroreceptors o Extensively branched, knobby, coiled and intertwined ends ☺ of myelinated fibers o Are stretch receptors (this is important detail: they actually do not response to pressure changes but to increased stretch due to higher pressure) o Locations  in walls of carotid sinus near the bifurcation of the common carotid arteries  Walls of right and left atria  Aortic arch  Entrance of superior and inferior venae cavae  Pulmonary circulation  Cranium o Receptors in the low pressure system are called “cardiopulmonary receptors”
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PHYSIOLOGY © D.A.T.Werner Afferent fibers carry signals from receptors via glossopharyngeal and vagus nerves to the nucleus solitarius o FUNCTION  INCREASED baroreceptor discharge INHIBITS the sympathetic nervous system and STIMULATES the parasympathetic nervous system  DECREASED baroreceptor discharge does the opposite   upon sensed drop of blood pressure (usually below 100Hgmm)  Decreased baroreceptor discharge in order to stimulate vasoconstriction and increase of heart rate which elevate the blood pressure The regulation centers for sympathetic and parasympathetic nerves are located in the brain stem o Nucleus Solitarius  Receives afferent fibers from glossopharyngeal (from chemoreceptors) and vagus (baroreceptors) nerves o Vagal motor nucleus  (nucleus ambiguous + dorsal vagal nucleus)  vagal efferent fibers leave here  increased signaling of afferent nerves INCREASES vagal tone o Vasomotor center  Consists of paramedian nucleus and  Increased signaling of the afferent nerves DECREASES the sympathetic tone produced by this center  Sympathetic nerves leave here (preganglionic) o All three nuclei are interconnected Valsalva maneuver o Expiring against a closed glottis (e.g. you take a heavy dump)  increase in intrathoracic pressure  decrease in venous return because the veins get compressed o Decrease in venous return  decrease in cardiac output  decrease in arterial pressure o Sensed by baroreceptors  increase in heart rate (shitting can be so exciting) o
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Exam Question 38 “Reflex control mechanisms of circulation”  these were actually asked in lots of old tests



•
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Extracardiovascular reflexes (outside the vascular system) o Occulocardial reflex (Intracranial pressure elevation)  Baroreceptors in cranium sense pressure elevation due to rise of intracranial pressure  This will result in DECREASE of heart rate  Mechanism? o Goltz reflex (performed in the lab  Jörgen punched the poor frog with the fist of an angry god)  If a strong concussive force hits the heart the mechanoreceptors perceive it as a too fast contraction of the heart  vagal stimulus is elicited and lowers the heart rate  This is due to pain receptors in the thoracic cage which transmit stimuli to the vagus  A very strong punch can actually stop heart beat by entire inhibition of self excitation of the SA node Intracardiovascular reflex o Carotid sinus reflex  Baroreceptors in carotid sinus  Upon sensation of increased blood pressure  vasodilation and decrease of heart rate  stimulation of vagal tone by vasomotor center in brain  Upon sensation of decreased blood pressure  vasoconstriction and increase of heart rate  inhibition of vagal tone by vasomotor center o Depressor reflex
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 Baroreceptors in aortic arch  Only respond to INCREASED blood pressure  stimulation of vagal tone by vasomotor center o Chemoreflex  Chemoreceptors (mainly influence respiration) are present in carotid bodies and aortic arch  Not that HYPOXIA creates a DECREASE in heart rate which is COMPENSATED by the resulting Hypercapnia causing hyperventilation which in turn causes an increase in heart rate  Hypoxia causes an increase in blood pressure which can be observed as tertiary wave in the blood pressure curve (also called mayer wave) Facilatory reflexes o Vagatomy  Cutting of vagus nerve  decreases vagus tone  increases heart rate and blood pressure o Brainbridge reflex  Rapid infusion of blood or saline to anesthetized animal causes increase in heart rate due to stimulation of the atrial baroreceptors o Hering-Bauer reflex  Mediated by baroreceptors in the lungs  Inspiration increases heart rate (2ndary wave of bp graph)  Expiration decreases heart rate (2ndary wave of bp graph)



Exam Question 39 “Mechanisms of vasoconstriction and vasodilation” 1) Vasoconstriction • Mediated via sympathetic nerves acting on alpha noradrenergic receptors 2) Vasodilation • indirect  inhibition of sympathetic effects  causes vasodilation • direct  stimulation of parasympathetic nervous system acting on muscarinic or nicotinic receptors  causing vasodilation 3) For all humoral, and local vasodilators please look at the combined question 34,35 and 36



RESPIRATION Exam Question 40 “Mechanics of respiration (functions of respiratory muscles, compliance, intrathoracic pressure, respiratory volumes)” • Functions of respiratory muscles o Diaphragm --> main respiratory muscle  --> upon contraction it lowers its surface down towards the abdominal cavity --> thorax is expanded --> inspiration  Action of the diaphragm accounts for 75% of the change in intrathoracic volume during quiet inspiration --> can maintain sufficient ventilation during quiet inspiration alone  Innervated by phrenic nerve (C3-C5) --> transection of spinal cord above C3 results in fatal arrest of breathing
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PHYSIOLOGY © D.A.T.Werner External intercostal muscles  run oblique, downward and forward inbetween the ribs  contract and lift the lower ribs of the cage --> thorax enlarges --> aid in inspiration o Internal intercostal muscles  Expiratory muscles --> upon contraction --> forced expiration  Run obliquely and downward  --> contract and pull down the ribs of the cage --> thorax shrinks --> aid in expiration Surfactant o Fluid secreted by pneumocytes type II on top of the alveolar surfaces o Contains dipalmitoyl phosphatidylcholine o It reduces surface tension in the alveoli by disrupting the intermolecular forces between liquid molecules  this prevents small alveoli from collapsing and increases compliance o Also plays part in the blood-lung barrier Compliance o Compliance is a measurement for the elasticity of the lung tissues o
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Normal value 0.2L/cmH2O Compliance depends on lung volume --> person with only one lung has half of volume change per unit pressure change o Compliance is very important for quiet expiration --> this is a passive process in which the elastic fibers of the lung tissue recoil after being extended due to expansion of the thorax o It is highly affected by the surfactant lining the alveolar surfaces --> it produces a surface tension which works against the extension pressure --> if the surfactant would not be present the volume of the lungs would expand way faster at increasing pressure o Emphysema increases lung compliance and decreases elastic recoil (it also increases residual volume and therefore decreases the vital capacity) Intrathoracic OR Intrapleural pressure o NOT TO MIX UP WITH INTRAPULMONARY OR ALVEOLAR PRESSURE! o The intrathoracic pressure is the pressure which is present in the pleural cavity (the lungs are lined by the visceral pleura which is adjacent to the tissue --> this reflects back at certain points forming the parietal pleura which lines the inner wall of the thorax --> inbetween is an empty space --> pleural cavity) o The atmospheric pressure at sea level equals 760Hgmm (0cmH2o) o Inside the pleural cavity a pressure of 756Hgmm (-3cmH2o) is present (so in non physical terms a negative pressure) o This pressure value exists because the parietal pleura is somehow “attached” to the chest wall --> its not a real attachment but inbetween the wall and the pleura is a very small fluid filled space (imagine to flat glass plates lying on each other with a few drops of water inbetween) --> these two plates do not really touch each other but a very sticky o When the newborn baby inhales air for the first time it lungs extend and reach the chest wall --> their they are prevented from recoiling during expiration by the tendency of recoil exerted from the chest wall during expiration (the chest wall wants to move outwards back to original position, the lungs want to move inwards back to original position, both due to the presence of stretched elastic components) o During quiet inspiration the pressure drops to 754Hgmm (-6cmH2o) creating a sucking effect and air is inhaled o !Note that during forced inspiration the pressure can drop down to 730Hgmm! o During quiet expiration the pressure reaches up to 758.5Hgmm which creates a positive pressure inside the alveoli --> air is exhaled o Due to the importance of the “adhesion” of the pleura to the chest wall, the lungs collapse once the chest wall is opened and as a result of that the chest expands and becomes barrel shaped Alveolar or Intrapulmonary pressure o o



•



Its given as change in lung volume per unit change of airway pressure
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o At rest  volume in lungs = FRC AND alveolar pressure = 760mmHg (0cmH2o) o During inspiration alveolar pressure drops below 760mmHg o During expiration alveolar pressure exceeds atmospheric pressure of 760mmHg Respiratory volumes o In clinics certain volumes of the lung are important for diagnostics, those are abbreviated since doctors have no time --> know the abbreviations and the normal values o TV (Tidal Volume) --> amount of air moved in and out of the lung during quiet inspiration and expiration respectively --> 500ml o IRV (Inspiratory Reserve Volume) --> amount of air which can be additionally inhaled during forced inspiration --> 3300ml o ERV (Expiratory Reserve Volume) --> amount of air which can be additionally exhaled during forced expiration (faster CO2 clearing) --> 1000ml o RV (Residual Volume) --> amount of air left over in the lungs after maximally forced expiration --> this volume cannot be cleared under physiological conditions --> 1200ml o TLC (Total Lung Capacity) --> all volumes added up --> 6000ml o VC (Vital Capacity) --> maximal volume of air which can be inhaled/exhaled --> ERV + TV + IRV --> depends on sport activities, smoking etc o FEV (First Expiration Volume) --> during measurements of respiration by a spirometer, this special value stands for the amount of the VC exhaled in the first second of forced expiration (called tiphno index) --> usually it is 80% in the first second, 85% in the second and 93% in the third second --> change in these values can be a sign for e.g. asthma o !Note that the TLC cannot be measured by a spirometer since the RV can never be exhaled! o !! During an emphysema the RV increases and therefore the ERV decreases !! Clinical terms related to breathing o Eupnoe --> normal respiration at rest o Polypnoe (or tachypnoe) --> increased frequency o Hyperpnoe --> volume/min increases o Dyspnoe --> heavy muscular work during breathing o Apnoe --> temporary stop in breathing o Asphyxia --> sudden block of respiration (fatal) o Apneusis --> temporary stop of respiration during inspiration o Hyperventilation --> amount of exhaled CO2 is bigger than produced CO2



Exam Question 41 “Alveolar air, alveolar ventilation, dead spaces. Function of the respiratory passageways” • Layers the gases have to cross between alveolar and capillary lumen: o From alveolus --> capillary:  Surfactant  Alveolar epithelium  Basement membrane of alveolar epithelium  Interstitium (dependent on anatomy)  Basement membrane of capillary endothelial cells  Capillary endothelium • Alveolar air o The total surface of the alveoli per lung is about 70m2 o The total air volume of the alveoli per lung is about 3000ml o The alveolar air per inspiration is less than the actual respiratory volume since of the inhaled 500ml TV, 150 ml stay in the dead spaces and the remaining 350ml enter the alveoli air spaces • Function of the respiratory passageways o Nose  Warms the air
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 Moisturizes the air  Filters particles larger then 6µm o Larynx  Responsible for phonation o Dead spaces  Are the parts of the bronchus tree which are only active in conduction of air but do not participate in gas exchange --> gas exchange starts with the beginning of the respiratory bronchioli  Volume = 150ml  Filter particles between 1 – 5µm  Control the air volume entering the alveoli by action of epinephrine, acetylcholine, histamine etc. acting on the smooth muscle in the bronchus wall  Anatomical dead space  area of bronchus tree in which no gas exchange occurs  Alveolar dead space  part of alveoli which are ventilated but not perfused (so again no gas exchange)  Physiological dead space = anatomical dead space + alveolar dead space o Spaces of gaseous exchange  Respiratory bronchioli  Alveolar ducts  Alveolar sacs  --> gas exchange via diffusion (look above for the barrier) Alveolar ventilation o Volume of air entering the gas exchange spaces per minute o 4200ml/min Airway resistance ଼∗௩௦௦௧௬∗



o



Is described by Poiseuille´s law ܴ =



o o



 a minor change in radius has a major effect on resistance and therewith airflow Factors that change airway resistance  Major site of airway resistance is the medium sized bronchi  Changes in airway resistance by altering the radius of the airways  contraction or relaxation of bronchial smooth muscle  Contraction is caused by • Parasympathetic stimulation • Irritating materials • Asthma •  decrease the radius  increase resistance to air flow  Dilation is caused by • Sympathetic stimulation  β2-receptors • Sympathetic agonists  β2-receptors •  increase radius  decrease resistance to air flow • VIP (Vasointestinal polypeptide)  Lung volume  alters airway resistance because of the radial traction exerted on the airways by surrounding lung tissue • High lung volumes  greater traction and decreased airway resistance  asthma patients learn how to breathe at higher lung volumes in order to compensate for the higher airway resistance caused by their disease • Low lung volumes  less traction and increased airway resistance up to the point of airway collapse



గ∗௧௪ସ
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PHYSIOLOGY © D.A.T.Werner Exam Question 42 “Gaseous exchange in the lungs and tissues” • Gaseous exchange occurs due to differences in partial pressures in the capillaries and the alveoli and tissues • Daltons law states that the pressure of a gas mixure equals the sum of the partial pressures of its gases  atmospheric pressure is 760mmHg  if you know the percentages of O2,CO2,N2,H2O  you can calculate the partial pressure for each gas easily o E.g. in case of o2 (21%) --> ܱ2 = 760݉݉ ∗ ݃ܪ0.21 = 159.6 • Note that there is a difference in the pGases of inspired air and pGases in the alveoli  this is because part of the inspired air stays in the dead spaces of the lungs and its gas content does not change •  therefore inspired air has a way higher pO2 than the air in the alveoli and expired air has still a higher pO2 than air in the alveoli because on its way out the expired air mixes with the “untouched high O2 air” in the dead spaces  oxygen content rises • The air composition within the alveoli is actually very constant because during quiet respiration the RV is 2200ml while the part of the inspired volume reaching the alveoli is 350ml  this small volume cannot change much • In the capillaries of the alveoli venous blood comes in from the tissues with following partial pressures o pO2 40mmHg o pCO2 46mmHg o pH2O 47mmHg o pN2 573mmHg o all: 760mmHg • The pGases in the alveolar air: o pO2 100mmHg o pCO2 40mmHg o pH2O 47mmHg o pN2 573mmHg •  therefore O2 diffuses from the alveolar air into the capillaries and CO2 diffuses from the capillaries into the alveolar air • NOTE that the arterial pO2 = 95mmHg and not 100mmHg as you would expect since the 100mmHg from the alveolar air establish in the capillaries during respiration  the reason for this is that a small amount of blood pumped out by the heart does not participate in the respiration of the lungs but a minor portion supplies the lungs themselves with oxygen and that portion is returned to the LEFT atrium of the heart via the bronchial veins  lowering the pO2 of the arterial blood nd • In case of O2 and CO2 under physiological conditions, diffusion depends on the factores mentioned in ficks 2 law and on the time the “gas is in the area”  so on the velocity it crosses the capillary together with the blood  on blood flow  diffusion is flow OR perfusion limited (think about it: there is a concentration gradient AND nothing is holding the oxygen back in the blood  so once it reaches the capillary and faces the concentration gradient it immediately diffuses across the wall  O2 molecules diffuse as until they leave the capillary again due to blood flow  if they cross with a higher speed there is less time for diffusion (BUT the new blood that comes in carries more oxygen so it has a higher pO2  therefore during exercise the blood flow increases and not decreases) • In case of CO diffusion is greatly restricted by the high affinity of hemoglobin to CO (its in love with the mofo)  so even if there is a high concentration gradient (pCO in air = 0) and the CO reaches the capillaries it cannot leave because it is restricted (in fact a small amount diffuses but it is not a lot  this is a problematic situation if you have a patient with CO poisoning)  CO gas exchange is diffusion limited  the gas in the two compartments do NOT reach equilibrium by the time the blood fraction reaches the end of the pulmonary capillary •



Respiratory quotient = o



Is usually 0.8



 ࢛࢚࢛࢚ ࡻ ࢛࢚ࢇࢋ
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PHYSIOLOGY © D.A.T.Werner Exam Question 43 “O2 and CO2 transport in the body” 1) Oxygen • O2 is transported in the blood in form of diffused gas  0.3ml/100ml blood and bound to Hb 1.34ml/1g Hb • For the characteristics of Hemoglobin look at the exam question about it • The percentage of oxyhemoglobin in the blood given as a percentage is the o2 saturation of the blood in %  it is related to the pO2 • The following curve illustrates this relationship under physiological conditions • The pO2 at 50% saturation is called P50 and taken as a measurement level • At pO2 = 40mmHg  mixed venous blood  Hb saturation 75% • At pO2 = 100mmHg  arterial blood  Hb saturation 100% • The saturation of Hb can be affected by o Temperature  if its higher, the P50 increases; if its lower P50 decreases o pH  H+ competes with O2 in Hb binding  if pH lower (towards acidosis) the P50 increases, it its higher (towards alkalosis) the P50 decreases o 2,3BPG  competes with O2 binding as well  if C(BPG) higher then P50 increases, if its lower then P50 decreases o  NOTE AGAIN that fetal Hb has gamma instead of beta chains  gamma haemoglobin does not bind BPG with high affinity  lesser pO2 needed to reach a good saturation A



A



•



•



• •



Saturation levels in arteries and veins o Arteries: 100% saturation under physiological conditions o Veins: 75% saturation (only 3O2 molecules per Hb) The sigmoid shape of the curve above (instead of being a linear line) results from the fact that the O2 affinity of Hb changes with the number of O2 molecules bound to it  the fourth bound O2 molecule is the hardest to be released to the blood  so if the saturation drops the unloading of O2 is easier (THIS happens in the tissues --> steep part of curve) AND if the saturation rises, Hb binds O2 even better (THIS happens in the lungs --> flat part of curve) Formula for blood pH calculation:  = ܪ6.10 + ݈∗ ݃



ሺுைଷିሻ .ଷଵ ைଶ



NOTE that pO2 does ONLY depend on the amount of dissolved oxygen within the blood  so its not affected by Hb concentration but only by Hb affinity for oxygen 2) Carbondioxide • CO2 is transported by the blood in 3 forms
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PHYSIOLOGY © D.A.T.Werner A) as a dissolved gas  Only a very small fraction o B) in form of Carbaminohemoglobin  Only a small fraction of CO2 binds to the amino groups of the globin chains o C) in form of carbonic acid  CO2 + H2O  H2CO3  HCO3- + H+  This is facilitated by the enzyme carbonic anhydrase  In order to make this possible, Hb binds the freed protons to buffer the system (otherwise the pH would massively drop)  The produced HCO3- diffuses from the RBC into the blood plasma  chlorine shift • For one negative charged molecule HCO3- leaving the RBC, one molecule Cl- enters the RBC • Due to that  h2o also enters the RBCs following the osmotic gradient established by chlorine  RBC volume increases  This is the main form of transported CO2 in the blood CO2 binding to Hemoglobin depends on the amount of oxygen in the blood  if more oxygen is bound to hemoglobin, its affinity for CO2 binding sinks since oxyhemoglobin as a low affinity for H+ while deoxygenated hemoglobin (reduced Hb) has a high affinity for H+  therefore venous blood carries more CO2 than arterial blood Once the blood reaches the capillaries of the alveoli and the partial pressure gradient establishes, the HCO3enters the RBC (in exchange for Cl-), accepts the proton again and CO2 and H2O are produced  CO2 then diffuses into the plasma and from there to the interstitium and into the alveolar air o



•



•



Exam Question 44 “Peripheral and central regulatory mechanisms of respiration” AND 45 “Chemical control of respiration. Acidosis, Alkalosis”



•



Chemoreceptors o Are sensitive to changes of H+ concentration in either the blood or CSF  the H+ concentration as a byproduct of HCO3- formation is a marker for the concentration of CO2 present  if the pH drops (and therefore the C(CO2) is higher) the receptors stimulate an increase in respiratory frequency to clear the CO2 from the tissues o Peripheral chemoreceptors  Located in the aorta (aortic bodies located in the arch of the aorta) or carotid arteries (carotid bodies located at the bifurcations of the carotid arteries)  Consist of two cell types surrounded by sinusoidal capillaries • Type I cells (receptor function)  have O2 sensitive K+ channels  conductance is reduced in proportion to degree of hypoxia which they are exposed to o Type II cells (mechanical function) • Monitor the H+ concentration in the blood  if it gets too high they stimulate respiration • Monitor the pO2 in the blood  if it drops too low  excitation of afferent nerve endings  they also stimulate respiration • NOTE that those receptors have a very high blood flow  are supplied by oxygen DISSOLVED in the plasma  DO NOT react to ANEMIA or CARBON MONOXIDE poisoning (during those conditions the same amount of oxygen is present in the plasma BUT in the RBCs its massively decreased) o Central chemoreceptors  Located in brainstem  Mediate hyperventilation after increase of pCO2 in CSF via H+ sensitive receptors o Ventilatory responses to CO2
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Normal arterial pCO2=40mmHg Upon elevation of that  respiration is stimulated until pressure back to normal This is possible until even hyperventilation is unable to clear the excess CO2 (e.g. in an CO2 rich environment)  Beyond this point Hypercapnia occurs  causes headache, confusion and eventually CO2 narcosis (coma) o Ventilatory responses to O2  Basically works in the same way BUT a marked stimulation of respiration can only be observed at arterial pO2 below 60mmHg  This is due to two reasons • 1)  reduced Hb is a less strong acid then HbO2  therefore the pH rises with decrease of oxygen in the blood  a fall in C(H+) acts inhibitory on respiration • 2) any increase in ventilation before the 60mmHg border decreases the normal amount of CO2 and that also evokes a negative stimulus strong enough to overcome the positive one o Note that CO2 since it diffuses 20x more than O2 is the main regulator of respiration o  you can e.g. not hyperventilate voluntarily for a long time, because as soon as the CO2 level drops too low the autonomic control of breathing overrules the voluntary control and stops respiration Mechanoreceptors o Lung stretch receptors located in the smooth muscle of the bronchioles o On distention of the lungs these produce a reflex decrease in breathing frequency known as “HeringBreuer reflex” Irritant receptors o Located between airway epithelial cells o Are stimulated by dust, pollen etc. Joint and muscle receptors o Are activated during movement of the limbs  are involved in the early stimulation of breathing during exercise Central regulation of breathing o The process of breathing is totally dependent on nerve stimuli emerging from a special area of the brain, travelling through the spinal cord and finally through distinct nerves towards the respiratory muscles (for them look Q40) o The central regulation is the main regulation of breathing  form here the regulatory impulses are sent torwards the executing respiratory muscles o It is divided into two mechanisms: voluntary and autonomic breathing regulation o Voluntary control:  Located in cerebral cortex  sends impulses to motor neurons via the corticospinal tracts (massive collection of axons travelling between brain and spinal cord) o Autonomic control  Driven by pacemaker cells located in the medulla • Dorsal respiratory group o Group of neurons in the medulla which are responsible for autonomous inspiration and generate basic rhythm of breathing o Receives signals from vagus (peripheral chemoreceptors and mechanoreceptors in the lung) and glossopharyngeal nerve (peripheral chemoreceptors) o From them the impulses travel to the cervical and thoracic parts of the spinal cord  phrenic nerves from the cervical part innervate the diaphragm, intercostal nerves from the thoracic part innervate the intercostal muscles • Ventral respiratory group o Responsible for expiration
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Pons 



Not active during quiet respiration Activated e.g. during exercise



Within the pons (part of brain located above the medulla) two neuron accumulations can be found which also have an effect on respiration • Apneustic center o Located in lower pons  stimulates inspiration in that it produces a deep and prolonged inspiratory gasp (apneusis) • Pneumotaxic center o Located in upper pons  inhibits respiration  regulates inspiratory volume and respiratory rate



Exercise o During exercise the mechanoreceptors in the joints and muscle are the first to stimulate increased breathing rate o The pCO2 and pO2 in arterial blood do not change o The pCO2 in mixed venous blood increases o Pulmonary blood flow increases due to increase in cardiac output o Distribution of V/Q ratios throughout the lung is more even  decrease in physiologic dead space



Exam Question 46 “Different types of hypoxia. Oxygen treatment. Mechanisms of acclimatization. Nitrogen narcosis. Decompression sickness” • Hypoxia (fore more details check ganon pages 689-693) o O2 deficiency at tissue level (anoxia means no O2 at all in the tissues) o 5 different types of hypoxia are known  Hypoxic hypoxia  pO2 of arterial blood is below 95mmHg  Anemic hypoxia  pO2 is normal but the amount of Hb to carry the O2 is reduced  Stagnant hypoxia  normal pO2 and Hb concentrations but blood flow too tissues is too low to supply them with sufficient O2  Diffusion hypoxia  normal pO2 and Hb concentrations but the O2 cannot diffuse into the tissues (e.g. due to CO which inhibits the HbO2 to release its oxygen to the tissues)  Cytotoxic (or histotoxic) hypoxia  normal pO2 and Hb concentrations as well as normal delivery of O2 to the tissues BUT due to toxic agent (e.g. cyanide which destroys tissue enzymes within minutes) the tissues cannot utilize the O2 o Effects on the brain  Besides of stagnant hypoxia (which affects a local tissue) all other forms of hypoxia affect the brain at first  Severe drops of pO2 (e.g. below 20mmHg in the arteries) cause unconsciousness after 10-20 seconds and death after 4-5minutes  Less severe hyoxias can cause impaired judgement, drowsiness, excitement, disorientation, loss of time sense and headache (same shit as when you drink too much booze) • Oxygen treatment o • Mechanisms of acclimatization o Effects of altitude  At sea level the atmospheric pressure is 760mmHg (or 1atm)  In higher altitude the total pressure drops and therefore also the partial pressures of the gases  drop in pO2  At 3000m (10.000ft) the alveolar pO2=60mmHg which is compensated by increased ventilation  At 5700m hypoxic symptoms are severe  At 6100m consciousness is lost if not 100% saturated O2 air is inhaled



64



PHYSIOLOGY © D.A.T.Werner



• •



•



•



 Above 14.000m consciousness is lost in spite of ventilation with 100% saturated air o Acclimatization  When arriving in high altitude, individuals develop transient “mountain sickness”  headache, insomnia, breathlessness, nausea and vomiting  More severe effects of high altitude can be • High altitude cerebral edema and high altitude pulmonary edema  Acclimatization is due to a variety of compensatory mechanisms • Ventilation increases only in small amounts because respiratory alkalosis counteracts the effect of minor hypoxia  the maximum increase in ventilation is reached roughly after four days  after that the ventilatory response decreases very slowly (takes several years) due to gradual desensitization to stimulatory effects of hypoxia • Respiratory alkalosis which is caused by hyperventilation due to lower pO2 shifts the oxygen-hb dissociation curve to the left (look the fuck up in the book) BUT an increase in 2,3BPG decreases the affinity of Hb for O2 • Erythropoietin secretion increases promptly on ascending to higher altitudes which increases the number of red blood cells within 2-3 days (look at blood chapter for more info) • Number of Mitochondria increases • Myoglobin in muscles increases Effects of depth o Every 10m below sea level  pressure increase of 1atm (+760mmHg) Nitrogen Narcosis o Diver must breathe air at increased pressure to equalize the increased pressure on chest wall and abdomen o From this gas mixture Co2 is removed simply to prevent its accumulation o  BUT 100% oxygen cannot be supplied because at increased pressure this causes oxygen toxicity  lung damage (high O2 concentrations cause production of oxygen free radicals which cause lung tissue damage) o Therefore the oxygen content of the gas mixture is decreased to 20% and the nitrogen content is increased o  the increased PN2 can cause nitrogen narcosis  at 4-5atm a mixture of 80%N2 causes euphoria and impaired intelligent performance  symptomps resemble those of excess alcohol consummation o  for deep diving the mixture of gas consists of Oxygen and Helium (inert) to prevent nitrogen narcosis High Pressure Nervous syndrome o Develops during deep dives with Oxygen – Helium mixtures o At high pressures inert gases turn into mild anesthetics o Manual dexterity is affected but intelligence is usually not impaired Decompression sickness o A diver breathing 80%N2 has to resurface very slowly o With ascend the elevated PN2 in the alveoli drops (since the gas mixture in the bottle is less compressed) and N2 diffuses from the tissues back into the lungs (down the concentration gradient) o If resurfacing occurs to fast N2 escapes from the solution in gaseous form  bubbles can form in the tissues and blood  causing decompression sickness symptoms (appear 20-30mins after resurfacing)  Tissues  severe pains around the joints  Bloodstream  obstruct arteries to brain and spinal cord  can cause paralyses and respiratory failure o Treatment is prompt recompression and then slow decompression in a pressure chamber  frequently lifesaving
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PHYSIOLOGY © D.A.T.Werner Question XX “The effects of respiratory disorders” • Asbestosis o Constricted lung disease characterized by interstitial fibrosis o Symptoms  maximum expiratory flow volume curve begins and ends at abnormal lung volumes • Asthma o Inflammation of airway in response to allergen o Symptoms  causes contraction of airway muscles  narrowed airways  additionally the airway mucosa shows inflammation and excessive mucus is secreted o  lung volumes are higher during asthma because asthma patients learn how to breath at increased lung volumes in order to overcome higher resistance by traction o Characterized by decreased FVC, FEV1 and FEV1/FVC • COPD  chronic bronchitis and emphysema o Mainly caused by smoking or inhaling toxins o Obstructive disease with increased lung compliance  expiration is impaired o Decreased FVC, FEV1 and FEV1/FVC o Air trapping occurs (emphysema increased the residual volume)  leading to barrel shaped chest o Breathing of high % O2 helps the most during this disease • Fibrosis o Restrictive disease o Decreases lung compliance due to deposition of dense connective tissue o  therefore increases recoil upon distension since the lungs are less elastic o Inspiration is impaired o Decrease in all lung volumes as well as FVC and FEV1 o FEV1/FVC is increased because FEV1 is decreased less than FVC • Pneumothorax o Occurs upon perforation of the thoracic cage  pressure inside equalizes with atmospheric pressure and the lungs collapse since no negative pressure keeps them distended o In case of pneuomthorax on one side  the other lung functions normal  all blood flow will be directed there and no change occurs in the mean arterial blood gases due to the increased perfusion of the functional lung



GASTROINTESTINAL SYSTEM



1) 2) 3) 4) 5)



Basic rules for memorizing the hormone action in the GI tract Inhibitory action by hormones is only exerted on the stomach Secretin has only inhibitory action on the stomach (in case it acts on the stomach) GIP has only inhibitory action on stomach (in case it acts on the stomach) Mucosal growth can alone be stimulated by Gastrin Motilin is the only hormone stimulating gastric emptying



Exam Question XX  For better understanding, under this point I list some important gastrointestinal hormones and their function  in the questions below I will refer to them” • Gastrin o Origin  Secreted by G-cells (a type of enteroendocrine cell) o Function  Increases the H+ secretion of the parietal cells  Stimulates growth of gastric mucosa by stimulating the synthesis of RNA and new protein
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PHYSIOLOGY © D.A.T.Werner Regulation  Secretion is stimulated by • Small peptides and amino acids in the lumen of the stomach • Distension of the stomach • Vagal stimulation mediated by gastrin releasing peptide (GRP) o  that’s why atropine does not block gastrin since it acts by blocking cholinergic receptors, but in this case acetylcholine is NOT the neurotransmitter  Secretion is inhibited by • H+ in lumen of stomach  negative feedback ensuring that pH level in stomach is not too low • Somatostatin CCK (Cholecystokinin) o Homologous to gastrin o Origin  Released by I-cells (enteroendocrine) of duodenal and jejuna mucosa o Function  Stimulates the contraction of the gallbladder + stimulates relaxation of sphincter of oddi (look bile secretion)  Stimulates pancreatic enzyme secretion  Potentiates stimulation of pancreatic HCO3- secretion induced by SECRETIN  Inhibits gastric emptying o Regulation  Secretion is stimulated by • Small peptides and amino acids in the small intestine • Fatty acids and monoglycerides in the small intestine (!! Triglycerides do not stimulate CCK release  cannot cross intestinal cell membranes!!) Secretin o Homologous to glucagon o Origin  Secreted by S-cells (enteroendocrine) in duodenum o Function  The main function is to reduce the H+ concentration in the lumen of the small intestine  several “subfunctions” serve this  Stimulates pancreatic HCO3- secretion + increases growth of the exocrine pancreas  HCO3neutralizes acidic pH in lumen  Stimulates HCO3- and H2o secretion in the liver + increases bile production  Therefore it is responsible for the washing of bile and pancreatic enzymes into the duodenum and not CCK which only stimulates the production of those enzymes  Inhibits H+ secretion of gastric parietal cells o Regulation  Secretion is stimulated by • H+ in lumen of duodenum • Fatty acids in lumen of duodenum GIP (Glucose dependent Insulinotropic Peptide) (memorize it as Gastric Inhibitory Peptide) o Homologous to secretin and glucagon o Origin  Secreted by duodenum and jejunum o Function  Stimulates insulin release  note that an oral glucose load stimulates GIP more effective than an IV glucose load  better glucose utilization by ORAL stimulation  Inhibits H+ secretion of gastric parietal cells o



•



•



•
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 Inhibits release of gastrin  Inhibits gastric motility VIP (NEUROCRINE) o Synthesized by neurons and released by axons during action potentials o Function  Relaxation of GI smooth muscle including the lower esophageal sphincter GRP (Bombesin) o Is released from vagus nerves innervating G cells o Stimulates the release of gastrin Substance P o Is released in duodenum in response to acidic gastric juice



Exam Question 47 “Describe the origin, composition, function and control of salivary secretion” • Saliva supports mastication by lubricating the food and starts digestion by the help of certain enzymes • 1500ml are produced daily • pH 7-8 • Function o Facilitates swallowing o Keeps mouth moist o Serves as solvent for molecules which stimulate taste buds o Aids in speech  facilitates movement of lips and tongue o Keeps mouth and teeth clean o Antibacterial function o Neutralizes gastric acid and reliefs e.g. heartburn • Formation o Formed by three major glands  Parotid gland (paired)  Submandibular gland (paired)  Sublingual gland (paired) o Each gland is a branched tubuloalveolar gland  Several acini empty in one excretory duct  the acini secrete the initial saliva which is isotonic  Upon myoepithelial contraction the saliva is released  The ducts modify the initial saliva (described in detail below) • Composition o Enzymatic/Protein  Lingual lipase  secreted by glands on tongue • Attacks triglycerides and starts initial digestion of them  Salivary alpha amylase  secreted by salivary glands • Attacks carbohydrates and breaks down starch to maltose, maltotriose and glucose  IgA  Lyzozyme  attacks bacterial cell walls  Lactoferrin  binds iron and is bacteriostatic  Proline rich proteins which protect teeth and enamel + bind toxic o Ionic  The books differ in their explanations  It contains K+, HCO3-, Na+ and Cl- ions at about the same concentrations as the plasma  is ISOTONIC
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The ionic composition is determined by the excretory ducts of the salivary glands •  add K+ and HCO3- ions to watery saliva while removing Na+ and Cl  low salivary flow results in a hypotonic, slightly acidic salvia, rich in K+   fast salivary flow results in high Na+ and Cl- concentrations   at maximum salivary flow the concentration of Na+ is the highest (5x of normal)  Aldosterone additionally has an increasing effect on K+ and a lowering effect on Na+ Regulation of saliva production o Most powerful stimulus of saliva secretion is sour taste o Secretion of saliva is under neural control o It is unique in that BOTH sympathetic and parasympathetic nervous systems increase its process (parasympathetic has the major effect though) o Parasympathetic stimulation  Increases the secretion of a watery saliva with low organic content  It increases transport processes in the acinar and ductal cells  It causes vasodilation  Cholinergic receptors (receive acetylcholine secreted by e.g. ends of vagus nerve) on acinar and ductal cells are muscarinic nd  2 messenger  IP3, Ca++  Anticholinergic drugs, such as ATROPINE inhibit the production of saliva and cause a dry mouth o Sympathetic stimulation  Increases the secretion of small amounts of saliva, rich in organic contents from submandibular gland  Receptors on acinar and ductal cells are beta-adrenergic nd  2 messenger  cAMP o In general saliva production is increased by (stimulation of paras. N. system)  Food in mouth  Smells  Conditioned reflexes (alarm of microwave e.g.)  Nausea o In general saliva production is decreased by (inhibition of para. N. system)  Sleep  Dehydration  Fear  Anticholinergic drugs



Exam Question 48 “Describe the origin, nature and function of gastric secretion indicating the names of regulation” • Nature of gastric secretion o 2500ml produced daily o pH 2-4 due to HCL secretion • Origin of gastric secretion o The mucosa of the stomach contains gastric pits which contain long ducts for the gastric glands o The three important parts here are  Fundus (upper part behind cardia)  Body  Antrum (pyloric part) o These glands contain different cells in different ratios -dependent on the location in the stomach  NOTE: although I indicate distinct locations of the cells below, they are present in ALL parts of the stomach only in smaller amounts
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PHYSIOLOGY © D.A.T.Werner Those cells secrete the different components of the gastric fluid and stimulate or inhibit each other by secretion of their products either into the gastric lumen or into the bloodstream o Cells  Parietal cells (body)  secrete HCL and intrinsic factor (necessary for VITB12 absorption in small intestine)  Chief cells (body)  pepsinogen  G-cells (type of enteroendocrine cells located in antrum)  secrete gastrin Components of gastric secretion o Gastrin  Hormone which acts by paracrine action  Secreted by G-cells through basolateral membrane into the underlying capillaries  Different types exist with different sizes (e.g. G17 or G45)  have different functions and different half-lives  Function • Stimulation of gastric acid secretion • Stimulation of local histamine release • Trophic effect  causes growth of gastric and intestinal (both parts) mucosa • Stimulates insulin secretion ONLY after protein meals • Increases blood flow in gastric mucosa  Regulation • Will be mentioned below under the overall regulation! o Histamine  Released by enterochromaffin like cells (ECL) in the gastric mucosa  diffuses to nearby parietal cells  Stimulates H+ secretion by activating H2 receptors on the parietal cell membrane o Pepsinogen  Secreted by chief cells  Turns into pepsin under low pH conditions  Cleaves proteins but is not the essential enzyme for protein digestion  Has the unique ability to digest collagen which is the main component of connective tissue in meat  important for meat digestion o HCL  Parietal cells secrete HCL into the lumen of the stomach and absorb HCO3- into the blood stream  Carbonic anhydrase within the cells converts H2o + CO2 into H+ and HCO3 H+ are pumped (by H+,K+ ATPase) into cytosolic canaliculi which are continuous with lumen of excretory duct  and therefore stomach  Cl- is pumped out separately so the two form HCL in the stomach AND not anywhere near the cell cytosol  The HCO3- produced by carbonic anhydrase is secreted into the blood stream in exchange for Cl-  HCO3- is added to venous blood  this increase the pH of the blood (alkaline tide) after a meal  The absence of HCL only affects the digestion in the stomach because due to pancreatic secretion the small intestine contains a variety of active digestive enzymes itself o Mucus  Secreted by secretory epithelium lining the stomach mucosa  The mucous is very viscous and contains HCO3- ions  neutralizes gastric acid present directly on surface of stomach in order to prevent damage of the mucosa  PEPTIC ULCER • In case of disturbance of the mucus layer  autodigestion of mucosa by gastric secretions • Causes o



•
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PHYSIOLOGY © D.A.T.Werner Infection by heliobacter pylori Chemicals (alcohol and nonsteroidal anti-inflammatory durgs e.g. aspirin) Stress  causes vasoconstriction  excess secretion of histamine  hemorrhage and perforation Additionally a prolonged secretion gastric acid can “overwhelm” the mucosa o Caused by Zollinger-Ellison syndrome seen in patients with gastric tumors Treated by administration of drugs which block secretion of HCL by parietal cells (look above) or antibiotics against heliobacter pylori o o o



• •



Intrinsic factor  Secreted by parietal cells of gastric glands  Binds to vitamin B12 in the stomach and protects it from digestion on its way to the duodenum  Inside the duodenum it is absorbed together with intrinsic factor by the cells of the small intestine  Absence of intrinsic factor can cause pernicious anemia due to lack of vitamin b12 Regulation of gastric secretion I. GENERAL CONSIDERATIONS OF REGULATION o Submucosal plexus (Auerbach plexus )  concerned with controlling the function of the inner wall of the intestine  helps to control  Secretory function of gastric glands  Local absorption  Local blood flow o Gastrin  Inhibited by • Somatostatin • Low pH in stomach (which triggers somatostatin release)  Stimulated by • Vagus (direct stimulation of G-cells via GRP) o Histamine  Inhibited by • somatostatin  Stimulated by • Vagus (direct stimulation of ECL) o Pepsinogen  Inhibited by  indirect mechanisms blocking acid production  Stimulated by • Vagus (direct stimulation of chief cells via Ach) o HCL  H+ secretion inhibited by • drugs which block Histamine action by blocking H2 receptors (e.g. cimetidine) • drugs which block the H+,K+ -ATPase in the parietal cells (e.g. omeprazole) • negative feedback  low pH ( ࡾࡲ =



Extraction rate/reabsorption rate/secretion rate o Could also have been incorporated in explanation above o Extraction ratio



ࡾࡼࡲ ିࡴࢋࢇ࢚ࢉ࢚࢘
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 o



Gives the amount of a substance in percent which is excreted from the blood per one circulation of blood through the kidneys (via glomerular filtration AND tubular secretion OR reabsorption) In other word  percentage of plasma concentration which you find in the urine after the plasma made one round through the kidneys ௧ ௧௧ି௧௧   ௩ ௧ ௧௧



= x%



 In case of PAH it is about 90% (0.9) Excretion rate  Gives the amount of substance excreted in urine per time  g/ml urine * ml/min urine flow o Reabsorption rate  Filtered load (GFR (x%) * plasma (xml/min)) – excretion rate  if the excreted amount is less then what has been filtered in the glomerulus than this value is positive which means that reabsorption has occurred in the tubules o Secretion rate  Excretion rate – filtered load  if the excreted amount is more than what has been originally filtered out in the glomerulus  this value is positive and additional substance has been secreted in the tubular system Filtration fraction (FF) o Calculated by dividing the glomerular filtration rate by renal plasma flow o



•



o



Filtration fraction =



ீிோ ோி



Normal value  0.20  20% of RPF is filtered, the remaining 80% leaves the glomerular capillaries by the efferent arterioles and becomes the peritubular capillary circulation (here additional secretion or reabsorption can occur) o Increases in the filtration fraction produce increases in the protein concentration of peritubular capillary blood (because less water is present in the capillary at that time and increased net reabsorption in the proximal tubule o Decreases in filtration fraction produce decreases in the protein concentration of peritubular capillary blood and decreased net reabsorption in the proximal tubule Fractional excretion (FE) o Ratio of clearance of a given substance X to inulin clearance (Cx/Cin) o Since inulin clearance is a marker for a substance that hast neither been reabsorbed nor additionally secreted in the tubular system, a diverging from its clearance value means that substance x has either been reabsorbed or secreted o If FE1 the substance has additionally been secreted and more than the originally filtered amount is excreted o



•



Exam question 58 “Regulation of renal blood flow and pressure. Renin-angiotensin system” • Extrinsic control o Norepinephrine released from sympathetic fibers causes renal vessel constriction and exerts its greatest effects on interlobular arteries and afferent arterioles o Acetylcholine secreted from parasympathetic fibers causes renal vasodilation o Dopamine  vasodilation o Angiotensin II  Vasoconstriction; greatest in efferent arteriole o Prostaglandins  increase blood flow in renal cortex AND decrease blood flow in renal medulla



•



Autoregulation o Blood flow is maintained constant by autoregulation
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PHYSIOLOGY © D.A.T.Werner Myogenic mechanism  renal arterioles contract in response to stretch. Increased arterial pressure stretches the arterioles which then contract and increase the pressure in order to keep flow constant o Tubuloglomerular feedback  increased renal arterial pressure leads to increased delivery of fluid to the macula densa. The macula densa senses the increased load and causes constriction of the nearby afferent arteriole, increasing resistance to maintain constant blood flow Tubuloglomerular feedback mechanism o Regulates a constant salt concentration within the tubular fluid o In case of too high GFR  high flow speed of fluid through the tubular system (simply because more fluid is present which has to be cleared)  in the cortical diluting segment (distal tubule which is impermeable to water) less NaCl can be removed during the pass-through  at the macula densa a fluid arrives which has a solute concentration above normal  tubuloglomerular feedback becomes active  In case of too high salt concentrations the GFR has to be reduced in order to reduce fluid flow speed through the tubular system  GFR can be reduced by constriction of the AFFERENT arteriole  reduces BP after this segment of the vessel system  reduced BP in glomerulus  reduced hydrostatic pressure  reduced net filtration  GFR drops  less fluid enters the tubular system  In case of too low salt concentrations  GFR has to be increased  constriction of efferent arteriole necessary  this effect is mediated by the formation of ANGIOTENSIN II which mainly acts on the smooth muscle cells of the efferent arteriole  constriction  BP rise in glomerulus  increase in GFR  In this case even the afferent arteriole will be DILATED to further increase GFR   both effects balance each other since one action soon results in activation of its counteraction  fast negative feedback  NOTE that for reasons that I don’t understand ANGIOTENSIN II acts mainly on the efferent arteriole ONLY in this case  thereby increasing GFR; during the renin angiotensin II system action for increasing blood pressure GFR is reduced by the action of angiotensin II in order to retain salt and water  increase of blood volume which assists an increase in BP until mean arterial pressure is restored to normal (90mmHg) Renal blood pressure o Is 40% of the systemic arterial pressure o The biggest pressure drop is across the efferent arterioles nd Renin-angiotensin system (also important referring to endocrinology of andrenal cortex in 2 semester) o Renin is an enzyme (protease) which catalyzes the conversion of ANGIOTENSIN  ANGIOTENSIN I which then will be converted to ANGIOTENSIN II by ACE (below) o Renin secretion is stimulated by  Decrease in bp  Decrease in Na concentration of macula densa  Sympathetic nerve stimulus o Angiotensin II has the following functions  Stimulates synthesis and secretion of aldosterone by adrenal cortex (it binds to high affinity receptors of adrenocortical cells  increases formation of pregnonelone  several steps convert it to aldosterone) • Aldosterone increases Na+ reabsorption by the renal distal tubule (it acts on P cells and increases the number of sodium channels in their membrane)  thereby it increases ECF, blood volume and  blood pressure • This action of aldosterone is slow since it requires new protein synthesis  LONG LASTING REGULATION OF BLOOD PRESSURE  Increases the Na+-H+ exchange in the proximal convoluted tubule • This directly increases Na+ reabsorption  helping the indirect increase in reabsorption via the action of aldosterone • Leads to contraction alkalosis (mentioned below) o



•



•



•
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o o



It increases thirst It causes vasoconstriction in the arterioles  directly increasing TPR and blood pressure (again note the difference to the tubuloglomerular feedback) A decrease of renal perfusion pressure causes juxtaglomerular cells of the afferent arteriole to secrete renin  enzyme which catalyzes the conversion of angiotensinogen to angiotensin I in plasma Angiotensin I then travels to the lungs in the blood plasma  here it is converted to angiotensin II by ACE (angiotensin converting enzyme)  ACE inhibitors (e.g. captopril) block conversion of angiotensin I and therefore decrease blood pressure  Angiotensin receptor (AT1) antagonists (e.g. losartan) block the action of angiotensin II at its receptor and decrease blood pressure



Exam Question 59 “Reabsorption and secretion of different substances in the renal tubule. Methods for their investigation” • As you might have realized in question 57, the GFR and clearance are the same so far  but as mentioned this is only the case if no substance X is added or removed by the tubular system before entering the bladder • If that is not the case we have to consider also the net amount transferred by the tubules of a certain substance (indicated by Tx in the following) • Clearance of a substance = GFR*Px(plasma concentration) if Tx = 0 • Clearance exceeds GFR is there is net tubular secretion and is lower than GFR if there is net tubular reabsorption •  ݔܲ ∗ ܴܨܩ+ ܸܶݔܷ = ݔ • GFR=Glomerular filtration rate; Px= Plasma concentration of substance x ; Tx=net transfer of tubules • TF/P is a new unit which describes the ratio of concentrations of a substance in Urine (Tubular fluid = TF) and Plasma (P)  if there is no net exchange in the tubules OR reabsorption of the substance is proportional to the reabsorption of WATER (which determines the concentration as well since it is the solvent for the substance)  than TF/P =1 • Mechanism of tubular reabsorption and secretion o Several substances are reabsorbed or secreted throughout the tubular system by a variety of mechanisms and below some will be described in detail
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PHYSIOLOGY © D.A.T.Werner Generally speaking some examples of the mechanisms include  Endocytosis  Passive diffusion between cells  Facilitated diffusion through the cells  Active transport  Ion channels  Exchange transporters  Cotransporters o Mutations of the genes for many of those transport mechanisms cause specific syndromes o Polycystin 1 (PKD-1) and polycystin 2 transporters normal function is unknown, but in mutated state they are involved in autosomal dominant polycystic kidney disease in which renal parenchyma is progressively replaced by fluid filled cysts until there is complete renal failure (samples of those have been seen in the dissection room) 1) Na+ reabsorption [its regulation is important  check Q. 62] [for other substances than mentioned here check Q.62 together with their regulation] • Plays a major role in body electrolyte and water metabolism • Na+ transport is coupled to movement of H+, glucose, amino acids, organic acids, phosphate and other substances across the tubule walls • Na+ is freely filtered across glomerular capillaries  Na+ in bowman´s space and plasma is the same • Na+ is reabsorbed almost along the entire nephron and only less than 1% are excreted with the urine  more than 90% are reabsorbed • Na+ moves down its concentration gradient from the tubular lumen into the cells lining the lumen and then is pumped out through the basal membrane via active transport into the interstitium (Na+-K+ ATPase) •  while this it symports other substances into the cell against their concentration gradient or exchanges substances into the lumen • Locations of transport o Proximal tubule  Reabsorbs 67% of Na+ [glomerulotubular balance Q.62]  Reabsorption of Na+ and H2o here are exactly proportional  Isoosmotic process  TF/PNa+ and TF/Posm = 1.0  Early proximal tubule has special characteristics • Here Na+ is reabsorbed in cotransport with glucose, amino acids, phosphate and lactate  here all of filtered glucose and amino acids are reabsorbed under physiological conditions • Na+ is also reabsorbed by countertransport (exchange carrier) for H+  important for HCO3- reabsorption (mentioned below)  Late proximal tubule • Since glucose, amino acids and HCO3- (all mentioned in detail below) have been already reabsorbed in the early part  here Na+ is reabsorbed together with Clo Thick portion of ascending loop of henle  Reabsorbs 25% of filtered Na+  Contains special Na+-K+-2Cl- cotransporter in luminal membrane  Na+ transported down its concentration gradient, symporting K+ and Cl• Na+ then pumped out of basolateral membrane • K+ rediffuses into the lumen and interstitium • Cl- moves into interstitium via CLC channels  Here loop diuretics (inhibitors of this cotransporter) act  Lumen is electrical positive since some of the K+ transported out rediffuses into the lumen o Distal tubule + collecting duct  Together reabsorb 8% of filtered Na+  Early distal tubule • Na+-Cl- cotransporter o
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Thiazide diuretics act here Impermeable to water  dilution of tubular fluid since solutes are removed but C(solvent) stays the same •  therefore called cortical diluting segment Late distal tubule + collecting duct • Principal cells o Reabsorb Na+ and H2o o Secrete K+ o Aldosterone  increases Na+ reabsorption and K+ secretion (about 2% of overall Na+ reabsorption is affected by aldosterone) o ADH increases H2o permeability by directing the insertion of H2o channels into the luminal membrane (fancy)  if ADH not present  Principal cells impermeable to H2o o K+ - sparing diuretics decrease K+ secretion • Alpha-intercalated cells o Secrete H+



2) Glucose reabsorption • New unit o Tm(G) = transport maximum of glucose = 375mg/min in men and 300mg/min in women  If the Tm of a substance is reached, then more of that substance is present in the ml plasma and therefore is filtered out into bowman´s space than can be reabsorbed or secreted (depending on the substance) by the tubules  the concentration of that substance in the urine rises (or sinks) above (or below) normal  also called renal 89ranulose level  Glucose threshold 200mg/dl plasma (the reason for that is a “splay” in the reabsorption/plasma concentration curve  for explanation of that word look below at PAH secretion)  Exceeding the renal threshold level glucose  glucose levels in urine rise (e.g. in diabetes mellitus) • Glucose is absorbed in the early part of the proximal tubule in cotransport with sodium (Cotransporter  SGLT 2)  Na+ moves down its concentration gradient into the cell and takes glucose with it (symporter)  Na+ is then pumped out via active transport through the basal membrane of the cells and Glucose is transported into the interstitium via GLUT2 in the basal membrane [this process is identical to glucose absorption in the cells of the small intestine] 3) Amino acids reabsorption • Are reabsorbed in early part of proximal tubule in cotransport with Na+ • Enter the interstitium via passive diffusion down their concentration gradient through the basal membrane of the cells lining the tubule 4) PAH secretion • As already mentioned under measurement of renal blood flow, PAH is a substance that is secreted by the tubular system  that means it is cleared from the blood plasma not only by means of glomerular filtration but additionally by removal from the peritubular capillaries into the tubular lumen  that is why low doses of PAH are cleared to 90% from the blood plasma in one round of circulation through the kidney ALTHOUGH the glomerular filtration rate is only 20% of plasma per rotation through the kidney • This secretion occurs by the means of active transport in the cells of the proximal tubule • At low plasma concentrations of PAH, its secretion rate increases as the plasma concentration increases (look graph USMLE book p.161)  this is true until it reaches its secretion maximum Tm(PAH)
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•



After reaching the T(m) all carriers are saturated and although the plasma concentration of PAH increases, secretion level is steady since no more free carriers are available  this is responsible for the non-linear curve



of PAH excretion in the book PAH filtration of course is proportional to its plasma concentration BUT PAH secretion can only occur proportional to the plasma concentration until all carriers are saturated  then the NET exctraction curve flattens a little  this deviation is called “splay”



5) K+ regulation • K+ is filtered, secreted AND reabsorbed by the nephron • K+ balance is achieved when urinary excretion of K+ exactly equals the intake of K+ from the diet • TF/P(K+) IN bowman´s space = 1.0  filtration of K+ in the glomerulus is proportional to plasma concentration (but remember again that only 20% of the circulating plasma are filtered in one round) • Locations in tubule o Proximal tubule  reabsorbs 67% of filtered K+ along with Na+ and H2o o Thick ascending part of loop of henle  Reabsorbs 20% of K+ via Na+-K+-2cl- cotransporter (already mentioned under Na+ reabsorption) o Distal tubule and collecting duct  EITHER reabsorb OR secrete K+ depending on the dietary intake (and other factors mentioned in Q. 62)  Reabsorption • H+,K+ ATPase in alpha intercalated cells • Occurs if the K+ in diet is low  excretion of K+ can be as low as 1%  Secretion • Has two different mechanisms in the Principal cells • Depends on dietary intake of K+, aldosterone levels, acid base status and urinary flow • Mechanism 1  basolateral membrane Na+-K+ ATPase pumps in K+ into the cell • Mechanism 2  at apical membrane  passive transport into the tubular lumen occurs (based on chemical AND electrical gradients) • For regulation of K+ via the mentioned factors look Question 62 6) Methods for their investigation a. Tubular function can be measured by inserting micropipettes into the tubules of a kidney in vivo and measure the concentration of the aspirated liquid 7) Summary of transporters throughout tubular system Site Apical Transporter Function



Proximal Tubule



Na+/glucose CT



Na+, glucose uptake
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PHYSIOLOGY © D.A.T.Werner Na+/Pi CT Na+/Aa CT Na+/lactate CT Na+/H+ antiporter



Thick ascending limb of Henle´s Loop



Distal convoluted tubule



Collecting duct



Cl-/base antiporter Na+/K+/2Cl- CT Na+/H+ antiporter K+ channels NaCl CT H+/K+ antiporter K+ channels



Na+ channel



Na+, Pi uptake Na+, Aa uptake Na+, lactate uptake Na+ uptake, H+ extrusion Cl- uptake Na+, K+, 2Cl- uptake Na+ uptake, H+ extrusion K+ extrusion (recycling) Na+, Cl- uptake H+ extrusion, K+ uptake K+ uptake or secretion based on concentration gradient Na+ uptake



CT = Cotransporter



Exam Question 11 “Regulation of H+ ion concentration in the blood  very important and belonging to question 59 but its big so I write it under extra topic” • Protons are secreted into the blood and into the urine in different parts of the renal tubule AND in different forms • The blood contains important buffer systems which regulate the pH (H+ concentration) by catching free protons and “buffer” there pH lowering effect • Protons result from metabolic processes inside the cells which involve the action of carbonic anhydrase, breakdown of phospholipids and breakdown of proteins • If the amount of H+ in the blood is too high or too low so the pH values differ from isohydria (pH=7.4) the state is called acidosis (for pH< 7.4) or alkalosis (for pH> 7.4)  these two states can be caused by respiratory or metabolic factors (difference is important for treatment) 1) Locations of H+ secretion • Proximal tubule o Na+ H+ exchange takes place via 2ndary transport o  first Na+ is pumped across basolateral membrane via Na+, K+ ATPase  lowering of intracellular Na+ concentration o  then Na+,H+ antiporter pumps sodium into and hydrogen out of the cell (hydrogen enters urine) • Distal tubule + collecting duct o H+ secretion here occurs independently of Na+ transport o H+ ATPase in alpha intercalated cells pumps hydrogen ions into lumen of collecting duct o Aldosterone increases H+ secretion o Some of the H+ is also secreted via the H+-K+ ATPase 2) Acid production • Free protons are liberated by different reactions in the cytosol • CO2 production o Produced by aerobic metabolism of the cells o CO2 + H2o  H2CO3  HCO3- + H+ o Carbonic anhydrase catalyzes this reversible reaction • Sulfuric acid production o Occurs during the catabolism of proteins
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Phosphoric acid production o Occurs during the catabolism of phospholipids 3) Buffer system “catching” the protons in the tubular fluid • The tubular fluid can only take up H+ until a certain concentration  pH limit of 4.5  after this no more H+ can enter the fluid from the tubular cells • This limiting pH is normally reached at the end of the collecting duct  now the H+ concentration is 1000x higher than in blood plasma and excreted urine is acidic • Buffers are most effective within 1.0 pH unit of the pK of the buffer • Bicarbonate buffer of the blood o Is the major extracellular buffer o pK = 6.1 o is created by carbonic anhydrase which produces HCO3- which enters the blood stream while the produced hydrogen enters the tubular lumen o NOTE that HCO3- is also produced by red blood cells upon the intake of CO2 and released into the blood in exchange for Cl• Phosphate buffer o Major urinary (tubular fluid) buffer o HPO42- can accept one H+  H2PO4o pK = 6.8 • Organic phosphates buffers o Buffer cytosol o AMP, ADP, ATP, 2,3 BPG • Protein buffers o Imidazole and alpha amino groups of proteins have pKs within the physiologic pH range o Hemoglobin is a major intracellular buffer  In the physiologic pH range, deoxyhemoglobin is a better buffer than oxyhemoglobin  CO2 binding to Hemoglobin depends on the amount of oxygen in the blood  if more oxygen is bound to hemoglobin, its affinity for CO2 binding sinks since oxyhemoglobin as a low affinity for H+ while deoxygenated hemoglobin (reduced Hb) has a high affinity for H+ • Henderson-Hasselbalch equation (if you fail because you don’t know it AHAHAHA) o



•



 ܭ = ܪ+ log



ሾିሿ ሾுሿ



o A-  base form of buffer o HA  acid form of buffer Titration curve following  note the area of maximum buffer capacity o Describes how the pH of a buffered solution changes as H+ ions are added or removed o As H+ are added to the solution  HA form of acid is produced o As H+ are removed from the solution  A- form (corresponding base) is produced o In the area of maximum buffering capacity the addition or removal of protons does affect the pH only minor o According to the buffer equation  when the pH of the solution equals the pK of the buffer  concentrations of HA and A- are equal
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4) Reabsorption of filtered HCO3• Since HCO3- enters the blood and is an important buffer in the blood it is of course also filtered in the glomerular capillaries • In order to prevent losses of HCO3- it is reabsorbed into the peritubular capillaries • Occurs primarily in the proximal tubule • NOTE that HCO3- is not reabsorbed in its bicarbonate form but binds to part of the H+ entering the tubular lumen from the tubular cells  formation of H2CO3 which dissociates into CO2 and H2o  reaction catalyzed by brush border carbonic anhydrase •  CO2 and H2o diffuse back into the cells and another carbonic anhydrase cycle starts • Considering the fate of 1CO2 + 1H2o  HCO3- + H+  the H+ gets secreted BUT then reacts with a HCO3which has been filtered from the blood into the urine before  to be reabsorbed as CO2 + H2O (mentioned in buffer system) AND the original HCO3- from the initial reaction is reabsorbed into the blood. •  This process results in net reabsorption of HCO3- (since one HCO3- already in tubular fluid reacts with the secreted H+ and is reabsorbed AND the original HCO3- from the reaction inside the cell goes into the blood) BUT it does not result in net secretion of H+ (since the secreted H+ is promptly reacting with HCO3- inside the tubular fluid) [to understand this properly its best you draw the reaction and where each molecule goes] • Regulation of HCO3- reabsorption o Filtered load  Increases in filtered load of HCO3- result in increased reabsorption of it  In case of alkalosis however the filtered amount exceeds the reabsorptive capacity  HCO3- will be excreted via the urine o P(CO2)  Increases in P(CO2) in the blood results in increased rates of HCO3- absorption because more H+ inside the cells (since less CO2 can diffuse into the blood from the cells  more CO2 stays available inside the cells for the reaction catalyzed by carbonic anhydrase)   THIS is the renal compensatory mechanism for respiratory acidosis  caused by increased CO2 levels but also buffered out by increased CO2 levels (until certain pH I guess)  Decreases in P(CO2) have the exact opposite effect   renal compensatory mechanism for respiratory alkalosis o ECF volume  ECF volume expansion  decreased HCO3- reabsorption (I guess since less HCO3- enters the blood and more is retained in interstitium  ECF volume contraction results increased HCO3- reabsorption  contraction alkalosis
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Angiotensin II  Stimulates Na+,H+ exchange and thus increases HCO3- reabsorption (remember  more H+ in tubular lumen  more CO2 produced from HCO3- which rediffuses into the cells)



5) Excretion of H+ • Protons in the urine which are not reabsorbed via the H2Co3 buffer system will be excreted as so called “fixed H+” • Two binding forms of fixed H+ are present o Titratable acid (H2PO4-)  Secreted H+ combines with filtered HPO42- (mentioned as major urinay buffer above)  forms HPO4  excretion of HPO4 Considering the fate of 1 CO2 and 1 H2o  net secretion of 1 H+ into the urine (and following excretion instead of reaction with HCO3- in the fluid) and net absorption of 1 HCO3- into the blood stream  As a result of the net secretion of H+  pH becomes progressively lower  Amount of titratable acid secreted depends on amount of urinary buffer and its pK o NH4+  The amount of H+ excreted as NH4+ depends on • NH3 synthesized by renal cells • Urine pH  the lower the pH, the more NH4+ is formed  NH3 is produced inside the renal cells from glutamine  it diffuses down its concentration gradient from the cells into the lumen (passive diffusion)  As in the titratable acid pathway  the secreted H+ is trapped in form of NH4+ (this is actually called “diffusion trapping”) and is excreted while the HCO3- molecule formed by the carbonic anhydrase reaction enters the blood stream   net secretion of H+ and net absorption of HCO3 The lower the pH of the tubular fluid is, the more H+ are secreted in the form of NH4+ because at low pH the H+ concentration is high  therefore the NH3 + H+  NH4+ equilibrium favors the reaction using up H+  formation of NH4+   this in turn increases the gradient of NH3 diffusing from the renal cells into the tubular fluid  !! Hyperkalemia inhibits NH3 synthesis  H+ cannot be sufficiently excreted as NH+  type 4 renal tubular acidosis   Hypokalemia in turn stimulates NH3 synthesis 6) Acid base disorders [tables in USMLE book pp. 182 – 185 IMPORTANT!!] • Are deviation pH in blood or tubular fluid from the physiological values o Blood pH 7.4 o Minimum tubular fluid pH 4.5 • Metabolic acidosis o Is caused by addition of strong acids to the blood plasma (e.g. H2So4) which can occur via ingestion OR loss of base o  increase in arterial H+ (94ranulos) o In response to that  plasma HCO3- buffers the increased concentration of H+ and HCO3- levels drop AS well as chemoreceptors are triggered to increase ventilation  rise in pH by clearance of CO2 o ADDITIONALLY:  the H2CO3 formed from the uptake of protons  turns into CO2 and H2o  the increased CO2 level causes increased ventilation o  CO2 is rapidly cleared  further drop in CO2 levels  further rise in pH o Until here the condition is called “uncompensated metabolic acidosis” o NOW the renal compensatory mechanism kicks in  It excretes H+ via the known mechanisms  It increases HCO3- concentration in the blood via net reabsorption (also mentioned above)
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PHYSIOLOGY © D.A.T.Werner ADDITONALLY in “chronic metabolic acidosis” an adaptive increase in NH3 synthesis aids the excretion of excess H+ o Serum anion gap  Represents unmeasured anions present in blood serum (phosphate, citrate, sulfate and protein)  Normal value is 12mEq/L  In case of metabolic acidosis  HCO3- anions concentration is reduced  in order to maintain the same electric charge within the serum  another anion has to replace the HCO3- anions   increased concentration of CL- restores normal serum anion gap (hyperchloremic metabolic acidosis)   increased concentration of unmeasured anions (phosphate etc.) actually INCREASES the serum anion gap above normal Metabolic alkalosis o Loss of fixed H+ or elevation of plasma HCO3- levels  rise in arterial blood pH (alkalemia) o Can occur e.g. after vomiting  loss of H+ from the stomach o Causes hypoventilation (due to opposite effects of what mentioned under metabolic acidosis)  respiratory compensation o Renal correction  Increased excretion of HCO3- because the filtered load of HCO3- exceeds the renal absorption maximum o Contraction alkalosis  In case of e.g. vomiting the alkalosis is accompanied by reduction of ECF volume (volume contraction)  result is worsening metabolic alkalosis due to higher HCO3- reabsorption in the tubules  “contraction alkalosis” Respiratory acidosis o Caused by rise in arterial pCO2 due to decreased ventilation o CO2 forms H+ and HCO3o There is no respiratory compensation for respiratory acidosis (which means that DURING decreased ventilation there is none  of course if you regain normal breathing blood pH will rise again  but some patients cant.) o Renal compensation needs to step in to get the blood pH back up   Increased H+ as titrable acid and NH4+  Increased reabsorption of HCO3- (since the HCO3- in the tubular fluid reacts with H+ to be reabsorbed  if more protons are present  more reabsorption can occur)  NOTE that in “acute respiratory acidosis” renal compensatory mechanisms have not occurred yet   in “chronic respiratory acidosis” the mechanism has occurred and arterial pH is being increased towards normal Respiratory alkalosis o Caused by drop in arterial pCO2 due to hyperventilation o Opposite effects of what mentioned above o Renal compensation  decreased excretion of H+ and decreased HCO3- reabsorption o Acute respiratory alkalosis, chronic respiratory alkalosis  look above o NOTE that symptoms of hypocalcemia (lack of calcium ions  tingling, numbness, muscle spasms) can occur  because Ca++ ions compete with H+ for binding on plasma proteins  if less H+ are present, more Ca++ will be bound to plasma proteins and free Ca++ is decreased o



•



•



•
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PHYSIOLOGY © D.A.T.Werner Exam Question 60 “Concentrating and diluting mechanisms of the kidney” • Osmolality  combined concentration of solutes (e.g. sodium, urea, glucose etc.) in milli osmol per kilogram of solvent • Urine osmolality depends on the water content • NOTE that this does not mean that with less water, necessary less solutes are present in the urine BUT it means that with less water the CONCENTRATION of the solutes in urine is higher • Example o The same load of solutes can be excreted per 24 hours in 500ml Urine at a concentration of 1400mosm/kg OR in 23.3L urine at a concentration of 30mosm/kg  concentration changes with volume change but the net amount of solute excreted stays the same 1) Water transport (Please note that in the following TF/P values of the non absorbable substance INULIN are given  in the USMLE book the TF/P values are from the physiological solutes [ions etc.] present in the tubular fluid  the solutes have different values since they are absorbed at certain points additionally to water, while inulin will not change) • Facilitated by aquaporins (membrane channels which are permeable to water)  water diffuses through them based on the amount of them and the osmotic gradient which is established by ion concentrations here (since no proteins should be present in tubular lumen)  ion transport directs water transport • Proximal tubule o Aquaporin 1 present o Water diffuses through it based on osmotic gradient  NOTE that isotonicity is maintained and water reabsorption is dependent on the amount of ions reabsorbed (it is proportional to it)! o Inulin (mentioned under GFR measurement) cannot  has no net exchange in the tubules  its TF/P ratio is 1.0 in bowman´s space BUT 2.5-3.3 at the end of the proximal tubule  it is more concentrated here because water has been removed from the solution  the numbers suggest that the inulin concentration is 25-33% higher here than in the plasma  concludes that 60-70% of water must have been reabsorbed to increase the concentration of the solute o Glomerulotubular balance has major regulatory role here  look Q. 62 Loop of Henle Descending limb o Permeable to water o Fluid here becomes hypertonic since water moves into hypertonic interstitium (for details look Q. 60 countercurrent mechanisms) Ascending limb o Impermeable to water o Ions are transported out at constant water concentration  dilution (via Na+,K+,2CL- cotransporter) o At top of ascending limb  fluid is hypotonic compared to blood plasma o In total additional 20% of filtered water are reabsorbed in Henle`s loop o Inulin TF/P ratio  5.0 Distal Tubule o Early part is effectively identical to ascending limb of henle´s loop  impermeable to water  ions are transported out of lumen  further dilution (cortical dilution segment) o Still about 5% of filtered water is reabsorbed in this segment Collecting Ducts o Change in volume here depends on the amount of vasopressin acting on the ducts o Cortical portion  In the presence of enough vasopressin, water moves out of the hypotonic fluid and enters the cortical collecting ducts  tubular fluid becomes isotonic  10% of water are reabsorbed in this segment  Fluid now enters the medullary part of the collecting duct Inulin TF/P now about 20 Medullary portion o 4.7% of water are reabsorbed here o  concentrated urine with a inulin TF/P of over 300
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PHYSIOLOGY © D.A.T.Werner In humans the osmolality of urine may reach 1400mosm/kg of H2o, almost five times the osmolality of plasma with a total of 99.7% of the water reabsorbed •



Concentrating mechanism depends upon the maintenance of a gradient of increasing osmolality along the medullary pyramid • Countercurrent system  system where inflow is parallel to, in the opposite direction to and in close vicinity to the outflow for some distance • This occurs for the loops of henle and the vasa recta in the renal medulla •  Loop of henle  countercurrent multiplier •  Vasa recta  countercurrent exchanger 2) Countercurrent multiplier • The term states that henle´s loop produces a gradient of hyperosmolarity in the medullary interstitium • Function depends on o active transport of Na+ and Cl- out of the thick ascending limb of henle´s loop (see Na+ transport) o high permeability of thin descending limb to water o flow of tubular fluid (from proximal tubule to distal tubule) Steps C) Osmolality in descending limb, interstitium and ascending limb = 300mosm/kg H2o Pumps of ascending limb can pump 100mosm/kg of Na+ and Cl- into the interstitium  interstitial osmolality = 400mosm/kg B) Now water moves out of the descending limb to equilibrate with the medullary interstitium in concentration  descending limb also 400mosm/kg BUT fluid with 300mosm/kg is continuously flowing in from proximal tubule  Therefore the upper part of the medullary interstitium becomes less concentrated (since it becomes more diluted from water movement out of the thin descending limb)  the ion gradient against which Na+ and Cl- are pumped from the ascending limb is reduced  more ions enter medullary interstitium  becomes more hypertonic C) While that  hypotonic fluid from the ascending limb (since the ions are constantly pumped into the interstitium) enters the distal tubule and new fluid from the descending limb enters the ascending limb  this fluid is isotonic by action of ascending limb becomes hypotonic again Now the process repeats again and the permanent result is a gradient of osmolality from the bottom to the top of the tube (highest osmololality in bottom of tube and surrounding interstitium) 3) Countercurrent exchange • The countercurrent multiplier would not work properly if the high ion concentrations in the medullary interstitium would be constantly removed by vascular circulation •  these solutes remain in the medullary pyramids primarily because the vasa recta operate as countercurrent exchangers  the vasa recta in the medullary need to maintain a high solute and a low water concentration in order to make sure that no solutes from the interstitium can enter the vessels due to a concentration gradient • This is facilitated by the following mechanism o Water diffuses out of the vasa recta descending from the cortex down into the medulla and enter the ascending vessels leaving the medulla and going to the cortex  that way they shortcut the main part of the medulla by diffusing straight into the vessel going back to the cortex instead of circulating through the medulla  water concentration in medullary vasa recta LOW o Solutes diffuse out of the vasa recta going towards the cortex from the medulla and diffuse into the vessels descending down into the medulla  that way the solutes always stay in the medullary part of the circulation and never reach the cortex  solute concentration in medullary vasa recta HIGH Note that countercurrent exchange is a passive process which depends on the movement of water  it could not maintain the osmotic gradient in the medullary pyramid without the Na+,K+,2Cl- ion cotransporter in the thick ascending limb of henle´s loop!
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Exam Question 61 “Fluid volume regulation of the body” • In this question I follow the guideline of the USMLE booklet and describe the mechanisms for concentration and dilution of urine instead of describing the water absorption or secretion within the different parts of the nephron • Additionally I add certain substances which influence water management in the body • Production of concentrated urine  Takes place if the body has an increased need for water reabsorption  bodies response to water deprivation • Is accomplished by increasing the amount of reabsorbed water at a constant level of solute  increasing the concentration of the solution (in this case of the urine) • Concentrated urine  hyperosmotic urine  urine osmolarity > blood osmolarity • Countercurrent gradient establishment is very important • Main regulator is high amount of ADH (vasopressin) in circulation • Water deprivation  increased plasma osmolarity  stimulation of OSMORECEPTORS in anterior hypothalamus  increased ADH secretion from posterior pituitary  increased water reabsorption Action of ADH o Increases the osmotic gradient established by the countercurrent multiplier and maintained by the countercurrent exchange (look Q. 60) this is enhanced by ADH which stimulates NaCl reabsorption in the thick ascending limb of Henle  ADH increases magnitude of osmotic gradient o Increases reabsorption of urea from the inner medullary collecting ducts into the medullary interstitial fluid (although that would decrease concentration of tubular fluid) o Increases the H2o permeability of the principal cells of the late distal tubule and collecting ducts by directing vesicle stored aquaporin 2 channels to the membrane of the cells o !! In nephrogenic diabetes insipidus the collecting ducts fail to respond to vasopressin because the receptor for it is absent or mutated  high amount of water excretion (more than 40L a day) Proximal tubule Does not concentrate the tubular fluid  here water is absorbed in proportional amount with solutes (isoosmotic reabsorption  look above)  the solute TF/P = 1.0 throughout the complete proximal tubule (NOT TO MIX UP WITH TF/P VALUES OF INJECTED INULIN) Thick ascending loop of henle Diluting mechanism due to reabsorption of solutes (and it is impermeable to water) Early distal tubule Cortical diluting segment Late distal tubule Increased water permeability due to ADH  water is reabsorbed until osmolarity of distal tubular fluid = osmolarity interstitium in cortex which is 300mosm/L Collecting duct Same applies as for distal tubule Production of diluted urine • Basically the absence of ADH massively decreases water reabsorption due to absence of all effects mentioned under the point above • Alcohol blocks ADH which is the reason for increased urine production when you are drinking (ever seen the lineup in front of the ladies room on Oktoberfest?  Vietnam is Woodstock compared to this) • Water intake  decreased plasma osmolarity  inhibition of OSMORECEPTORS in anterior hypothalamus  decreased secretion of ADH from posterior pituitary  decreased water reabsorption • Free water clearance o Is used to estimate the ability to concentrate or dilute urine o Free water is solute free water which is produced in the thick portion of ascending limb of henle´s loop and the early distal tubule by reabsorption of solutes at constant water concentration o  if ADH levels are low  this water is excreted and C(H2o) is positive o  if ADH levels are high  this water is reabsorbed and water clearance is negative
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ܿሺܪ2ሻ = ܸ − ܥሺ݉ݏሻ  C(h2o)  free water clearance (ml/min)  V  urine flow rate (ml/min) 



C(osm)  osmolar clearance



௦∗ ௦



 osmolar clearance means the clearance of solutes



from the plasma in ml/min 1) Factors and Hormones other than mentioned above acting on the fluid regulation Pressure natriodiuresis In case of increased Water/Na+ uptake  increased blood volume  increased venous return  increased cardiac output  increased blood pressure  increased GFR  increased water/Na+ excretion Baroreceptors The above mentioned rise in blood pressure causes the baroreceptors to fire  causes vasodilation  increased filtration surface  increased GFR  increased water/Na+ excretion Angiotensin II Increased blood pressure (look above)  increased GFR  increased Na+ in tubular fluid  reduced stimulation of macula densa  reduced renin secretion  reduced angiotensin II formation  reduced reabsorption of water/Na+ in tubular fluid  increased water/Na+ excretion OR decreased water/Na+ intake  decreased blood pressure and the opposite is happening Atrial natriuretic peptide Increased water/na+ uptake  increased blood volume  increased venous return  increased pressure in the atria  release of ANP from atrial wall  increased GFR  increased water/Na+ excretion  reduced blood volume  reduced blood pressure Parathyroid hormone Secreted from thyroid gland upon insufficient calcium intake  decreases phosphate reabsorption in proximal tubule, increases Ca++ reabsorption in distal tubule and stimulates 1alpha-hydroxylase in proximal tubule



Exam Question 62 “Regulation of concentrations of ions in extracellular fluid. Regulation of osmolality of body fluids”  CONTAINS additionally the reabsorption of less important ions 1) Glomerulotubular balance • This mechanism ensures that the fraction of the filtered water and Na+ reabsorbed in the early proximal tubule is always around 67% •  e.g. if GFR is spontaneously increased  filtered load of Na+ also increases (same applies for water)  if the reabsorption of Na+ would not increase at the same time  more Na+ would be excreted (and since water reabsorption here depends on osmotic pressure established by Na+ [and others] reabsorption  this would also lead to increased water excretion) • Glomerulotubular balance is kept by starling forces (we already know them due to Peff calculations) • From the tubular lumen Na+ is absorbed into the peritubular capillary system (through the cells of the tubules of course) •  Starling forces in the peritubular capillary blood regulate how much reabsorption occurs o It increases with increased πc (oncotic pressure) inside the capillary o Decreases with decreased πc o Increases in GFR cause more fluid to be filtered out in the glomerulus  at the same time this increases oncotic pressure since the protein concentration in the blood is elevated due to fluid removal  increased oncotic pressure increases fluid reabsorption in the proximal tubule  this effect is called “glomerulotubular balance” 2) Na+ regulation  ECF regulation (aside of the above mentioned balance) • Since Na+ is the main cation in the ECF and the main osmotically active solute in the interstitial fluid  it regulates ECF volume • Na+ concentration is kept in balance between dietary intake and excretion via urine • Natriuresis  increased excretion of sodium (e.g. after infusion containing NaCl saline)
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Mechanisms o Na+ excretion is regulated by GFR changes  look above for glomerulotubular feedback AND Q. 56 for control of GFR o Na+ reabsorption is regulated by  Aldosterone  increases  ANP  decreases  Angiotensin II  increases 3) K+ regulation • Dietary K+ o High dietary amounts of K+ increase K+ secretion into the tubular system  intracellular K+ increases  driving force for K+ secretion increases o Low dietary amounts of K+ decrease K+ secretion  intracellular K+ decreases BUT also alphaintercalated cells are stimulated to reabsorb K+ by the H+,K+ - ATPase • Aldosterone o Increases K+ secretion (indirectly) o It primarily increases the Na+ reabsorption in the distal tubule  more Na+ is pumped out across basolateral membrane via Na+, K+ ATPase  3Na+ are pumped out and 2 K+ are pumped in  increase in intracellular K+ concentration o Aldosterone additionally increases K+ channels in apical membrane of the cells o Hyperaldosteronism causes hypokalemia o Hypoaldosteronism causes hyperkalemia • Acid base influences o H+ and K+ exchange for each other across basolateral cell membrane o Acidosis decreases K+ secretion since blood contains excess H+ which will be transported into the cell  K+ will be transported out of the cell across the basolateral and not the luminal membrane  less K+ is secreted into tubular lumen  leads to hyperkalemia o Alkalosis increases K+ secretion  opposite way of acidosis  Leads to hypokalemia • Thiazide and loop diuretics o Increase flow rate through the distal tubule and cause dilution of the luminal K+ concentration quicker  increasing the K+ gradient between cells and lumen of the tubule  increase K+ secretion o These medications cause hypokalemia • K+ sparing diuretics o Have opposite effect of what mentioned above o Cause hyperkalemia o Spironolactone is an agonist of aldosterone; traimterene and amiloride act directly on the principal cells • Luminal anions o Such as HCO3- increase negative charge inside of the lumen which favors the secretion of K+ since its positively charged 4) Urea • 50% of filtered urea is passively reabsorbed in proximal tubule • No urea is absorbed in other segments of the tubule • Regulation o ADH  increases urea permeability of inner medullary collecting ducts  contributes to urea recycling in the inner medulla o Urea excretion varies with urine flow rate  at high levels of water reabsorption (low urine flow rate since less fluid available)  less urea excretion and higher urea absorption 5) Phosphate • 85% of filtered phosphate is reabsorbed in proximal tubule via Na+-phosphate cotransporter • 15% of filtered load is excreted • Regulation
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Parathyroid hormone (PTH) inhibits phosphate reabsorption in the proximal tubule  it activates adenylate cyclase, generating cyclic AMP  inhibition of Na+-phosphate transport  causes phosphaturia and increased urinary cAMP



6) Calcium • • • •



60% of plasma concentration  filtration across glomerular capillaries 90% reabsorbed by proximal tubule and thick ascending limb together by coupled Na+ transport 8% are reabsorbed by distal tubule and collecting duct via active transport Regulation o Loop diuretics  cause increased urinary Ca++ excretion by inhibiting Na+ reabsorption in the loop of henle o PTH  increases Ca++ reabsorption by activation of adenylate cyclase in distal tubule o Thiazide diuretics  increase reabsorption in the distal tubule  decrease Ca++ excretion 7) Magnesium • Reabsorbed in proximal tubule, thick ascending limb and distal tubule • Main part is reabsorbed in thick ascending limb • In the thick ascending limb  Mg++ and Ca++ compete for reabsorption  hypercalcemia (too much calcium) increases Mg++ excretion



Metabolism Question 63 “Basal metabolic rate. Describe factors influencing the basal metabolism”



Question 64 “Define metabolic rate explaining those factors influencing the total expenditure of energy by the body”



Question 65 “Describe the necessary elements of normal diet”



Thermoregulation Question 66 “The normal body temperature and its physiological variations. Hyperthermia, fever, hypothermia” • The normal body temperature (Figure 14-21 on page 252 Ganon is important) o Differentiation between Core Body Temperature and Skin Temperature  In general the core is maintained constantly at the normal temperature  In general the skin temperature is less than the core temperature and varies with temperature changes of the external environment o Is 37°C (98.6F)  Various parts of the body are at different temperature and the difference depends on the environmental temperature  In general the extremities are colder than the rest  Scrotum  32°C  Oral temperature  0.5C lower than rectal temperature o Normal body temperature is crucial for normal body function  enzymes have narrow temperature ranges in which their function is optimal
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PHYSIOLOGY © D.A.T.Werner Vertebrates maintain their optimal body temperature by adjusting heat generation and heat loss  homeothermic (for details see questions below)  Homeothermy applies in the core  Poikilothermy applies in the skin  temperature dependent on environment Changes in body temperature o Body temperature also undergoes circadian changes  during the day fluctuations of 0.5-0.7°C appear in the different body parts (at different magnitudes) o Lowest temp at 6AM and highest in the evening o !! In women an additional monthly cycle of temperature variation is present  rise in basal temperature at ovulation o During exercise  body temp rises up to 40°C in the rectum o During emotional excitement  body temp rises o Increases in metabolic rate  body temp rises o Constitutional hyperthermia  body temp generally 0.5°C above normal o



•



o



Heat is lost from the body via 



• •



Radiation • heat transfer by infrared electromagnetic radiation from one object to another object having a different temperature  the two objects are not in contact with each other (e.g. sun and metal) • 60% of total heat loss  Conduction • heat exchange between objects or substances of different temperatures that are in contact with each other (heat diffusion down its thermal gradient) • 15% by conduction to air • 3% by conduction to solid objects • Convection aids conduction in that heated air is removed from the body and cold air is flowing in due to molecular movement (molecules of warm air increase in movement)  Vaporization • Removes 0.6kcal of heat with 1g water • 600-700 ml water/day are lost insensibly via skin and respiratory passages • Vaporization is an important cooling mechanisms  sweating is regulated by the body (details below) • Vaporization via skin o Depends on the degree of vessel dilation  at maximal constriction heat loss is reduced (e.g. in cold environments) o The rate at which heat is transferred from the deep tissues to the skin is called tissue conductance • Vaporization via respiratory passages o The balance between heat production and heat loss determines the body temperature  look questions below for detail Hyperthermia o Increase in body temperature above a harmful (indeed) level  above 42°C Fever o Characterized by an elevation of the set point for body temperature  the body upregulates its temperature o Increased temperature kills pathogens which attack the body immune system o Is caused by the release of pyrogens (toxic materials and waste products released by pathogens inside the body
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•



Exogenous pyrogens are released by e.g. bacteria and stimulate the hypothermic center in the body (details below)  cause fever directly Endogenous pyrogens are released by cells of the immune system (Leukocytes, Macrophages, T-Killer cells) after phagocytosis of a pathogen • Interleukin – 1 is an example •  stimulates anterior hypothalamus to increase production of prostaglandins  prostaglandins elevate the set point temperature  posterior hypothalamus initiates heat generating response  cause fever (look below for additional information)



Hypothermia o Decrease in body temperature to a harmful level  below 22°C



Questions 67, 68 and 69 “Different ways of heat production and heat loss and their regulation” • Temperature receptors o The body detects its own body temperature by two kinds of sensors  Skin receptors  contain hot and cold receptors but are mostly concerned with the sensation of cold temperatures  Core (deep) receptors • Spinal cord, abdominal viscera, great veins of upper abdomen and thorax • Temperature set points o For each of the thermoregulating action in the body (e.g. sweating) a temperature set point exists  if the sensed temperature differs from that set point  the action is either stimulated or inhibited  Sweating and vasodilation  37°C  Vasoconstriction  36.8°C  Non-shivering thermogenesis (chemical)  36°C  Shivering  35.5°C • Hypothalamus o Integrates the information on body temperature, sensed by the receptors o Hypothalamus contains additionally temperature sensors o All temperature measurements are relaied to the anterior hypothalamus which compares the detected temperature with the set point temperature o Anterior hypothalamus  responds to cold temperatures  Initiates reflex responses which increase heat production and decrease heat loss (e.g. fever) o Posterior hypothalamus  responds to warm temperatures  Initiates reflex responses which decrease heat production and increase heat loss o Fever (also mentioned above)  pyrogens increase the set point for body temperature  create fever  this increase in temperature set point explains the symptoms coherent with fever  Shivering  due to increased temp set point the body senses the actual temperature as too low  induces shivering for maximum heat generation  Chilly feeling  vasoconstriction is induced for the same reason as above  Aspirin reduces fever since COX inhibitors prevent the synthesis of prostaglandins (biochemistry ☺)  Steroids inhibit the release of arachidonic acid from brain phospholipids and therewith block prostaglandin synthesis  fever reduction HEAT LOSS •



Sweating (heat loss) o Sweat glands are innervated by cholinergic nerve fibers which !! run together with adrenergic fibers in sympathetic nerves (check your histo notes)
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PHYSIOLOGY © D.A.T.Werner Secretion has two steps  Primary secretion  occurs in the coiled acini  composition similar to that of blood plasma  Secondary modification  occurs in the duct system  here ions are removed or added to the secretion (the amount removed depends on the speed of secretion flow  in case of high stimulation the sweat is more salty since less ions can be reabsorbed) Vasodilation o Is caused by decrease in sympathetic tone to the cutaneous blood vessels o Increases blood flow through the arterioles in the skin  increased arteriovenous shunting of blood to the venous plexus in the skin o Increased heat loss by radiation and convection o



•



HEAT PRODUCTION •



•



•



•



Shivering o Most potent heat generating mechanism o Orimary motor center is stimulated by posterior hypothalamus  contraction of skeletal muscle due to increased muscle tone (if the muscle tone exceeds a certain level  shivering) Chemical heat production o Low temperatures stimulate the release of thyroid hormone  increases the metabolic rate and heat production by general stimulation of the Na+/K+ ATPase Brown fat (heat production) o Low temperatures activate the sympathetic nervous system  activation of β-receptors in brown fat  increased metabolic rate and heat production Vasoconstriction o Cutaneous vasoconstriction is caused by increased sympathetic stimulation to the blood vessels  less blood circulates through the skin  less heat is lost o Additionally blood is flowing back to the heart through the deep veins instead of the superficial veins  the arterial blood on its way to the extremities looses a lot of heat by countercurrent exchange to the blood in the commitans veins  this heat is therefore not lost at the skin due to radiation  heat conversing mechanism



Endocrinology



•



Question 70 “Mechanisms or hormone action (receptors, intracellular mediators, cAMP, Ca++, DAG, protein kinases) Types of 104ranulose104 o Endocrine 104ranulose104 -> hormones are secreted by endocrine cells -> transport by circulatory system -> bind as ligands to receptors -> because of low conc. Of ligands (in large vessel system) the response is rather slow -> high affinity receptors needed! o Paracrine 104ranulose104 -> ligands are local chemical mediators (eg. Neurotransmitter acetylcholine; histamine) -> fast response -> low affinity receptors! o Autocrine 104ranulose104 -> secretor and target cell are the same -> receptor is on cell surface o Juxtracrine 104ranulose104 -> ligands are cell surface proteins that connect directly to cell surface receptors of neighboring cells -> eg. Increase velocity of 104ranulose104 that leads to contraction of muscle (eg. Heart muscle) o Intracrine 104ranulose104 -> secretor and target cell are the same -> ligand and receptor are intracellular (orphan receptors) -> act as ligand activated transcription factors



RECEPTORS o



Intracellular receptors (Nuclear receptor superfamily)



104



PHYSIOLOGY © D.A.T.Werner  



o



Reachable for small nonpolar molecules -> can passively diffuse through plasma membrane Ligand: steroids (ENDOCRINE SIGNALING) (Testosterone, Estrogen, Progesterone; Glucocorticoids; Corticosteroids), thyroid hormone, Vitamin D3, retinoic acid (those are structurally different from real steroids but perform the same function -> they directly regulate gene expression)  Ligand: Nitric Oxide (PARACRINE SIGNALING) -> also passive diffusion -> doesn’t bind to receptor directly BUT alters activity of intracellular target enzymes (eg. Binds to guanyl 105ranulo -> triggers nd synthesis of 2 msgner cGMP; • Synthesized by Nitric Oxide Synthase • Its synthesis is eg. Triggered by the binding of acetylcholine to its receptor (because the neurotransmitter cant cross cell membrane it stimulates NO to do it) Cell surface receptors  For polar or large ligands:  Insulin, Glucagon, Growth hormone, Follicle stimulating hormone, prolactin  Neuropeptides (sometimes replace Neurotransmitters AND can act as Neurohormones -> target cells far away)  Growth factors -> play important role in cell growth, survival and differentiation



•



G-Protein coupled receptors (Heterotrimer mediated 105ranulose105) o Gunanine nucleotide binding proteins o 7 α helices (transmembrane) -> different receptors are similar in structure o Function:  Ligand binds to extracytosolic site -> conformational change -> cytosolic domain binds to Membrane associated G-Protein -> gets activated -> dissociates and carries signal to intracellular target o G-Proteins o Consist of 3 subunits: α, β,γ o Alpha binds Guanine: resting state – α-GDP in complex with β,γ; signal stimulates G-protein α unit to bind to receptor and to switch GDP for GTP -> α-GTP dissociates and stimulates Effector, β,γ form complex and stimulate second effector o Αlpha subunit has GTPase activity -> after stimulating the effector cleaves phosphate from GTP -> GDP and therefore deactivates itself o Gs are stimulating G-prots (stimulate target enzymes) o Gi inhibiting G-prots (can also open Ion channels -> eg. Heart: acetylcholine stimulates release of Gi -> opens K+ channel -> contraction slows down) o Main target enzyme: adenylyl 105ranulo -> creates cAMP by usage of ATP -> cAMP is an important 2ndary messenger



•



Receptor protein-tyrosine kinase (catalytic receptor) o Consisting of extracellular N-terminal (binds the ligand), an alpha helix, cytosolic c-terminal domain which has protein tyrosine kinase activity o It is directly linked to intracellular enzymes o Phosphorylates substrate proteins o Is receptor for most growth factors  PDGF (platelet derived growth factor)  EGF (epidermal growth factor)  FGF (fibroblast growth factor)  NGF (nerve growth factor)  Insulin  IGF (insulin-like growth factor)  VEGF (vascular endothelial growth factor) o Function  Ligand binding induces dimerization (two receptors get linked by growth factors) • Direct dimerization: growth factor is a dimer itself and each side binds receptor • Ligand is a monomer -> induces conformational changes that lead to receptor dimerization  after dimerization the two receptors cross phosphorylate theirselves -> increases protein kinase activity AND creates specific binding sites for 2ndary msgners containing SH2 (Src Homolgy 2) or PTB (PhosphoTyrosineBinding domains)  Effect: localization of those proteins to plasma membrane -> association with enzymes -> phosphorylation and stimulation of them o Additionally:



105



PHYSIOLOGY © D.A.T.Werner  



•



Insulin-receptor is already a dimer (2 receptors linked by disulfide bonds PDGF has its kinase domain interrupted by appr. 100 Aminoacids



Receptor protein-tyrosine kinase II (CYTOKINE RECEPTOR) o Cytokine receptor superfamily is based on the same structure as protein-tyrosine receptor I BUT the cytoplasmic C-terminal domains don’t have any catalytic activity o The receptors function in association with nonreceptor protein-tyrosine kinases which are activated as a result of ligand binding o Dimerization -> cross phosphorylation by the non-receptor p.t.kinases o Such nonreceptor protein-tyrosine kinases are Janus kinases or JAK



SIGNAL PATHWAYS •



cAMP Pathway (G-Protein Receptor Pathway) o This pathway is used in different important signal reactions throughout the body  Adrenalin (Epinephrine) pathway • Increases metabolism on stress response  ADH or VASOPRESSIN • Increases blood pressure • Regulates amount of water reabsorbed by kidney  ACTH (Adrenocorticotropic hormone) • Stimulates adrenal cortex to produce hormones



•



One Example for this pathway is the Adrenalin way o Epinephrine binds to G-Prot Receptor -> G-Prot binds to the receptor and binds GTP -> α-GTP dissociates and activates adenylate 106ranulo o This triggers cAMP formation -> the enzyme cleaves biphosphate from ATP and forms an ester bond between C5 and C3 (Cyclic) o Inactivation of cAMP -> phosphodiesterase forms 5’AMP o -> cAMP protein dependend kinase protein kinase A  This kinase uses ATP -> ADP to phosphorylate Ser/Thr sidechains of proteins (they contain –OH which can be replaced) -> proteins get negatively charged -> conformational change -> change in function  Protein Kinase A consists of a tetramer -> 2 regulatory units and two catalytic units  cAMP binds to the regulatory units and they dissociate from the complex -> 2 catalytic units become active  Phosphorylation of • Phosphorylase kinase -> phosphorylates (and therewith activates) glycogen phosphorylase which catalyzes the breakdown of glycogen • Glycogen synthase (which catalyzes glycogen synthesis) and INHIBITS its function • CREB o -> up on the stimulation by epinephrine (adrenaline) the breakdown of glycogen is started and its synthesis inhibited o On increased cAMP level -> transcription of CRE (cAMP Response Element) starts (BECAUSE: protein kinase A goes inside nucleus and phosphorylates CREB (CRE binding protein) -> induction of cAMP inducible genes o IMPORTANT:  CREB is a zinc finger transcription factor (dimer) -> is located on Enhancer sequence -> Protein Kinase A phosphorylates it -> Creb Binding Protein (CBP) binds to it AND the TATA Binding Protein -> NOW RNAp II can bind and transcribe the genes  Additionally the CBP has acetyl transferase activity  CBP is not present in many kinds of cancers Disorders: o Cholera -> bacterial disease causing diarhea and vomiting -> leads to lethal dehydration -> bacterial toxin inhibits G-alpha in apical membrane of intestinal cells o Diabetes insipidus (notaste)  Absence of ADH -> no water reabsorption -> Application of ADH could help BUT in NEPHROGENIC diabetes insipidus the receptor is mutated



•



106



PHYSIOLOGY © D.A.T.Werner •



Signal amplification o During a signal pathway, eg. cAMP pathway, the signal gets amplified a lot o ONE endocrine molecule stimulates release of a 100 G-Proteins o ONE G-Protein stimulates ONE adenylyl 107ranulo o ONE adenylyl 107ranulo catalyzes formation of 100 cAMP o ONE cAMP…



•



Inositol-phospholipid pathway (Protein-tyrosine phosphate pathway) o Based on 2ndary msgners derived from membrane phospholipid phosphatidylinositol 4,5 biphosphate (PIP2) -> localized on inner side of phospholipid bilayer o Hormones (G-proteins) and growth factors (SH2 domains) stimulate phospholipase C to hydrolyze PIP2 o Results in diacylglycerol and inositol 1,4,5 triphosphate (IP3) o Diacylglycerol stimulates protein kinase C which controls cell growth and differentiation by activating other intracellular targets and acting on transcription factors o IP3 binds to ligand gated channels on SER and releases CA++ in cytosol -> binds to calmodulin (protein) which gets activated and bidns to Ca++/calmodulin dependend kinases such as  Myosin light chain kinase  CaM kinase family -> regulates gene expression  CREB -> intersection with cAMP pathway



•



MAP kinase pathway I (RAS/ERK pathway) o Mitogen activated protein kinases (MAPs) are a cascade of protein kinases that play central role in signal transduction (ubiquitous regulators of cell growth and differentiation o MAPs belong to Extracellular Signal-Regulated Kinases (ERKs) o ERK gets activated by growth factors (g-f) acting through G-protein or protein-tyrosine kinase receptors o Ca++ and cAMP paths intersect with ERK 107ranulose107 (stimulating or inhibiting) o Activation of ERK  G-f receptor coupled to GTP binding protein Ras (monomer)  On external binding of growth factor -> receptor gets active by autophosphorylation -> GEF (Guanine Nucleotide Exchange Factor) containing a SH2 domain binds to receptor  GEF exchanges GDP to GTP on the Ras  Ras gets active -> activates Raf protein-serine/threonine kinase -> GTP -> GDP -> Ras gets inactive by 107ranulose107e activity of GTPase activating protein (GAP) -> self regulatory system  Raf (MAPKKK) phosphorylates MEK (MAPKK) (Map/ERK kinase), a dual specifity (tyrosine, threonine) kinase  MEK activates ERK (MAPK) family by phosphorylation of threonine and tyrosine residues separated by one Aminoacid; MEK gets knocked out by ANTHRAX  Effect • ERK phosphorylates Cytoplasmic proteins • ERK translocates into nucleus -> phosphorylates transcription factors and induces immediate early genes o Growth factor stimulation -> rapidly transcription of immediate-early genes o Induction is mediated by Serum Response Elements (Serum is Growth Factor containing) -> consists of Serum Response Element (SRE) and ELK-1 o ELK-1 eg. Gets phosphorylated by ERK and thus ERK stimulates the induction of those genes o Immediate early genes theirselfes encode transcription factors, inducing a battery of downstream genes



o o



•



IMPORTANT: In cancer cells ras genes are mutated which inhibits Ras-GTP hydrolysis (no GAP) -> stay permanently active -> 25-30% OF ALL HUMAN TUMORS INCLUDE ABNORMAL RAS PROTEIN! DISORDER: Achondroplasia -> FGFR? -> results in dwarfism



MAP kinase pathway II (stress response 107ranulose107) o Receptors: G-Protein coupled OR Protein-tyrosine Kinase o Ligands: G-Proteins or SH2 domain containing proteins
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Pathways get stimulated on stress response evoked by  Radiations  Heat shock  DNA damage  Oxidative stress  Extracellular ligands  Osmotic shock  Toxic compounds JNK, p38 belong (besides ERK family) to MAP kinase (Mitogen Activated Proteins) family On stimulation they follow MAP kinase pathway I (but its them in the final step and not ERK) BUT they don’t stimulate cell proliferation or differentiation but stress response -> cell inflammation and death



•



MAP kinase pathway additional notes o Though there are several MAPs the specifity of MAP pathway needs to be maintained o This is performed by scaffold proteins that physical associate to the different kinases of a pathway and combine them to a large “cassette” o Such protein is JIP-1 which binds MLK, MKK7 and JNK in one cassette o Those proteins play an important role in determining the specificity of 108ranulose108 pathways within the cell o IMPORTANT: Although the book mentions that the MAP kinase and the inositol-phospholipid pathways work with both receptors I only find examples and pictures for pathways with protein-tyrosine kinase receptors (which are main receptors for growth factors) -> based on the lectures the G-Protein receptors might be wrong…



•



NFkB pathway (only mentioned in syllabus) o This is a stress response pathway as well -> no ligand -> the “receptor” is inside the cytoplasm in the form of IkBkinase o NFkB proteins belong to transcription factor family o Are bound in cytoplasm by IkB o On stimulus by stress -> IkB kinase phosphorylates IkB -> releases NFkB o IkB gets proteasomal degraded o NFkB translocates into nucleus und induces gene expression



•



JAK/STAT pathway (Cytokine signalling) o Receptor: (in this case: cytokine receptor family) o Ligand: cytokine (glycoproteins)  Interferons -> Proteins that are secreted by the immunesystem of the body in order e.g. to prevent virus replication. -> they inhibit certain cell functions  Interleukins -> 108ranulose108 molecule secreted by Leukocytes  Erythroprotein  Growth hormone  Prolactin o Map kinase pathways are indirect connections between cell surface and nucleus o JAK/STAT is a direct one o STAT (signal transducers and activators of transcription) proteins -> transcription factors that contain SH2domain o Inactive state: localized in cytoplasm o On stimulation:  Cytokine binds to receptor  Receptor dimerization  Binding of non receptor kinase JAK  Autophosphorylation  STAT bind to phosphotyrosine domains of receptor (cytoplasmic side) by SH2- domains  STAT are phosphorylated by JAK  STAT dimerize -> translocate into nucleus -> induce transcription o IMPORTANT:
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This pathway is the only one, where a transcription factor (STAT) is phosphorylated by a tyrosine specific non receptor kinase (JAK) Other 109ranulose109 pathways o Phosphatidylinositol-3-kinase (PI3K) pathway rd  PIP2 gets phosphorylated on 3 position of inositol by phosphatidylinositide (PI3K) (like phospholipase C its activated by either G-proteins or SH2 domains) -> yields Phosphatidylinositol 3,4,5 triphosphate (PIP3)  PI3K gets inactive by a 109ranulose109e cleaving the P from the receptor -> no SH2 domain anymore > if not -> permanently active -> cancer  PIP3 gets inactive by 109ranulose109e and tensin homologue -> back to PIP2  -> binds to Akt which then travels towards cell membrane and gets phosphorylated by PDK1 kinase  Akt (Protein Kinase B) then stimulates other proteins involved in cell proliferation



o



Insulin Signaling  Insulin binds to receptor which is already dimerized!  Insulin Receptor Substrate Protein binds (IRS)  It gets phosphorylated by the receptor -> SH2 domains  Upon its stimulation the concentration of glucose transporters in the membrane increases  Adapter proteins bind for • RAS/Erk pathway • PI3K pathway -> exocytosis of glucose transporter containing vesicles -> increased glucose uptake



Question 71 “Mechanism of hormonal regulation. Negative and positive feedback controls in the endocrine system”



Question 72 “The anterior pituitary hormones. Regulation of pituitary hormone secretions. Pituitary dysfunction” • Anterior, Intermediate and posterior lobes  separate endocrine organs • Intermediate is not present in adults, only during fetal life • Hormones secreted by Anterior pituitary o Protein hormones  Prolactin • Directly acts on the female breast  Growth Hormone (Somatotropin) • Tropic hormone • Details in question 73  ACTH  Adrenocorticotropic hormone • Tropic hormone  β-LPH  β-lipoprotein • function unknown o Glycoprotein hormones  TSH  thyroid stimulating hormone • Tropic hormone • Stimulates the thyroid gland  LH  Luteneizing hormone • Tropic hormone  FSH  Follicle stimulating hormone • Tropic hormone • Hormones secreted by the posterior pituitary o NOTE that the posterior hypophysis does not synthesize hormones by itself but mainly acts as a storage place for hormones secreted by the hypothalamus o The two hormones that are transported into the posterior hypophysis and released from it are
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Vasopressin Oxytocin  please check exam question 83 for their details



Question 73 “Function of growth hormone during development and after adolescence” • Growth hormone (OR Somatotropin) o Is the most important hormone for normal growth to adult size o Is a single-chain polypeptide that is homologous with prolactin and human placental lactogen (Placental lactogen is a polypeptide placental hormone. Its structure and function is similar to that of growth hormone. It modifies the metabolic state of the mother during pregnancy to facilitate the energy supply of the fetus.) o Actions  Liver • Stimulates production of insulin like growth factor (IGF) • IGF itself carries out further actions in the liver via a tyrosine kinase receptor similar to that of insulin o Stimulates protein synthesis (protein anabolic hormone) in chondrocytes and therewith linear growth o Stimulates protein synthesis in muscle  increases the lean body mass o Stimulates synthesis in most organs  increases organ size • Direct actions of growth hormone on the liver o Decreases glucose uptake (diabetogenic action) in liver and muscle  muscle then uses more free fatty acids for energy production o Increases lipolysis o Increases protein synthesis in muscle  increase lean body mass o Increases the production of IGF (mentioned above)  Protein & Electrolyte metabolism • Reduces urea-, amino acid- and nitrogen levels in blood • Increases phosphorus level in blood • Increases Ca++ absorption in GI tract • Reduces Na+ and K+ absorption • Increases especially the excretion of 4-hydroxyproline during growth and acromegaly  Carbohydrate and Fat metabolism • Increases free glucose levels  anti-insulin effect • Increases free fatty acid levels  ketogenic effect o



Pathophysiology of growth hormone  Deficiency • Causes growth failures in children  short statue, mild obesity and delayed puberty • Can be caused by o Lack of anterior pituitary hormone o Hypothalamic dysfunction (drop of GHRH [Growth hormone releasing hormone]) o Failure of IGF generation in the liver (so the effect on the liver is not carried out although enough growth hormone itself is present) o Growth hormone receptor deficiency o Unresponsiveness of liver to GH  failure to stimulate somatomedin production  LARON SYNDROME  Excess
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Causes overgrowth o Before puberty  gigantism  increased linear growth (in height) o After puberty  acromegaly  increased periosteal bone growth  bones do not grow in size anymore (since epiphyseal plates are closed) but in thickness;  increased organ size;  glucose intolerance



Regulation  Growth hormone is released in pulsatile fashion during the physiological growth phase and its release declines in old age  Half Life  6-20 minutes  rapidly metabolized in the liver  0.2-1.0mg/d synthesis in adults  Receptor  Cytokine receptor  production of homodimer • Activates many signal pathways • Activates JAK2-STAT pathway  Secretion is increased by sleep, stress, hormones related to puberty, starvation, exercise and hypoglycemia (since it mobilizes energy stores  free fatty acids and prevents glucose storage)  Secretion is decreased by somatostatin, somatomedins, obesity, hyperglycemia and pregnancy  Hypothalamic control • GHRH  stimulation of synthesis and secretion • Somatostatin  inhibition by blocking response of anterior pituitary  Negative feedback control (long loop) • Somatomedins  produced when growth hormone acts on target tissues  they are growth factors that affect many different tissues and organs (IGF-1, IGF-2 and Somatomedin C are the principle somatomedins in the human) • They inhibit the secretion of growth hormone by acting directly on the anterior pituitary and by stimulating the secretion of somatostatin from the hypothalamus  Negative feedback control by GHRH and growth hormone (short loop) • GHRH inhibits its own secretion from the hypothalamus • Growth hormone also inhibits its own secretion by stimulating the secretion of somatostatin from the hypothalamus



Question 74 “Abnormalities of thyroid secretion. Goitrogens” • Thyroid gland undergoes distinct histological changes in response to its activity o Active gland  Columnar epithelium  Reduced colloid o Inactive gland  Cuboidal epithelium  Abundant colloid • Hyperthyroidism o Grave`s disease  follicular cell hyperfunction  TSH receptor on follicular cells is chronically stimulated • Hypothyroidism o Cretinism • Iodine deficiency causes goiter  enlargement of thyroid gland o Iodine requirement  150µg/day in adolescent and adults o Sources  Seafood, soil, milk products
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o



o o



Iodized salt, 60% of world´s salt is iodized but not targeted to the people at risk (living in iodine deficiency areas) Symptoms of goiter  Low metabolic rate  Chilled feeling  Edema (abnormal cell swelling)  Lethargy  Mental sluggishness (NOT RETARDED!) Endemic goiter  Diffuse enlargement of thyroid  Caused by iodine intake of 11.1 mmol/l Fasting plasma glucose >7.0 mmol/l 75g OGTT (oral glucose tolerance test) 2 hour plasma glucose > 11.1 mmol/l Normal plasma glucose levels o Fasting  less than 6mmol/l o 2h 75g OGTT < 7.8mmol/l



Picture on energy sources of diabetic patients  instead of glucose the citric acid cycle is fed via glycogen (minor source), fat and proteins Symptoms of diabetes mellitus  chain of events based on each other 1) Hyperglycemia  hyperosmotic EC  osmotic shrinking of the cells (brain) 2) Glucosuria 3) Polyuria (due to high amount of glucose in urine  high osmotic pressure in tubular system  water will follow)  polydipsia (too much water intake stimulated by brain) 4) Dehydration 5) Blood volume decreases  MAP decreases (mean arterial pressure)  hypotonia 6) Circulatory shock and renal failure 7) Intracellular glucose deficiency  polyphagia (increased food intake stimulated by hypothalamus)  in this case the nutritional end product cannot be utilized properly 8) Catabolism increases massively •  NOW since circulatory failure happens at the same time, two parallel strains of symptoms occur •  due to increased catabolism  increased lipolysis  increased FFA utilization  increased appearance of ketone bodies  acidosis •  ACIDOSIS is also caused due to the increase in anaerobic metabolism causes by the circulatory failure •  BOTH together cause diabetic coma (kussmaul breathing)  FATAL if not treated immediately  in children the risk is way higher since the metabolism in this case acts faster and the children endocrine system cannot response fast enough • Additionally  due to increased catabolism  protein breakdown  wasting, weakness  increased amount of plasma amino acids  increased gluconeogenesis  increased plasma glucose levels Endocrine causes of diabetes mellitus
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No insulin production Insufficient insulin production Tissue insensitivity to insulin Increased circulating levels of counterregulatory hormones o Excessive growth hormone (acromegaly) o Excessive catecholamines (phaeochromocytoma)



Excessive cortisol (cushings syndrome) • •



Since cortisol increases blood glucose levels, glucose tolerance is lowered in 80% of patients with cushings syndrome 20% have severe diabetes



NEUROPHYSIOLOGY I.



Introduction to nervous system



What is the role of the nervous system? •



Maintenance of the homeostasis in the body o Control of body organs (autonomic nervous system) o Coordination of movements, locomotion o Control of behavior  Perception  Action  Learning  Memory o Control of emotions and motivation



Principles • • • • • • • • • •



Behaviors are the result of brain functions Tasks are shared between brain regions Damage to a critical brain region might result in a specific loss of functions Brain consist of neurons that are independent of cells Neurons are connected through synapses and communicate via transmitters (neurons release and respond to chemical substance) Within a neuron the signaling is electrical (neurons produce and respond to electrical current) Neurons are non-linear functional units (threshold) Neuronal activity might reflect the behavior or specific to task Interaction of neurons result in a functional network which have complex emergent properties Networks form functional units of the brain



Galls doctrine • • •



Moral and intellectual faculties are innate Their exercise or manifestation depends on organization The brain is the organ of all the propensities, sentiments and faculties
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The brain is composed of many particular organs as there are propensities, sentiments and faculties which differ essentially from each other The form of the head or cranium represents the form of the brain and thus reflects the relative development of the brain organs



Picture on FMRI scan of horizontal brain section  study of higher brain functions • • •



Some areas are highlighted respective to their function This marking results from BOLD signals (Blood oxygen level dependency)  reduced Hb has paramagnetic effects Dependent on the activity (e.g reading, hearing, etc.) different brain parts are active



Lack or damage to the part of the nervous system will cause specific symptoms •



This is e.g. important for surgery  removal of a tumor close to the speech center is difficult



Memory • •



Consolidation of memory can be linked to certain structures The localization of an engram cannot be identified



Level of study • • • • • • •



Molecular level Ion channels Neuron Neural Networks Brain regions Whole brain study Behavior



The main function of the nerves is to provide fast communication between cells •



Picture



Difference between neurotransmitters and hormones • • •



Hormones are released into the bloodstream Neurotransmitters are released into the presynaptic space close to the target cell No other difference present  many neurotransmitters have endocrine functions and the other way around Endocrine paracrine



Neurocrine



Distance between cells



Far, the molecules has to path wide medium to reach the target cells



Synaptic cleft is narrow 30-50nm, except certain autonomic synapses



Number of molecules necessary for signal



Numerous molecules are necessary



5000 Ach can produce a detectable signal



Speed



Slow, molecules are transported by the blood steram, or travel through diffusion (minutes, hours,d ays)



The vast majority of the path is taken in electrical form (milisecs, secs)



Divergence



Diffuse effect, many cells are targeted



Direct effect, one cell can communicate with one cell
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II.



The Neuron



Types of neurons •



Look histo book for structure



Functional differentiation of neuron •



•



• •



Input compartment o Synaptic area o Tansmitter dependent ion chnanels Integration compartment o Axon hillock o Contains voltage gated ion channels Conduction compartment Output compartment



Glial cells • • • •



Help to maintain homeostasis within CNS Have unique connections with blood vessels  can transport ions into blood vessels Provide insulations around axons in form of myelin sheats Types
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III.



Oligodendrocytes  can form sheaths around many surrounding axons Schwann cells in periphery  always surround only one axon (segment) Astrocyte  connected to vessles



Ion channels are key organelles in understanding the nervous system



Picture with ion channels and different ion concentrations within the two compartments Ion channels •



•



•



Extracellular ligand-gated channels o Nicotinic Ach gated channel  upon binding of Ach the channel opens o GABAa, GABAc (Gamma amino butyric acid)  Sensitive to chlorine  GABA is bound to ion channels  can open pore which is sensitive to chlorine  Cl- can flow in  hyperpolarizes the cell o Glycine  similar to GABAa  found in inhibitory synapses o 5-HT3 (serotonine)  o Glutamate activated anionic channels (most important excitatory neurotransmitter in brain)  NMDA  AMPA  Kainate Intracellular ligand-gated channel o cAMP o cGMP o G-proteins Phosphorylation
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• • • •



Voltage-gated channels (activating) o Depolarizing current reaches the cell  voltage gated channels open  repolarization can occur due to ion movement Voltage gated inactivating channels o Open up as well when the cell depolarizes o BUT they have another gate which close the previously opened gate at the same time the previously gate opens  so although the channel is opened no sodium or only very small amounts can flow in Mechanosensitive ion channels  sensitive to mechanical stress (E.g. stretch) Inward rectifier  allow only one-directional ion movement Gap junction channels ATP gated channels



Structure of ion channels • • • • • •



Pores made up of four domains Very tiny Inside  selectively filters  different types of peptides make up the selectivity of the ion channel Picture on structure of calcium channel th 4 subunit of each domain  charged  responsible for ion selectivity and for voltage sensitivity if present Gates  very important for understanding of signal elicitation in nerve fibers  look below chapter III – electronic signals



How does ion selectivity work? [Nobel Prize 2003] • • •



Ions are surrounded by water molecule shell (6 or 8 surround each ion) Removal of a water molecule from this shell requires energy Dependend on the size of the ion  more water molecules surround the ion
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 it’s a size selection  a potassium molecule surrounded by 6 water molecules does not fit through a Na+ channel with 3 water molecules around it



Motor end plate [what channels are present from nerve until t-tubule in the muscle] •



•



•



•



Nerve o Nerve voltage gated sodium channels  node of ranvier o KCNA voltage-gated potassium channel  myelinated area of nerve fiber Bouton o Nerve voltage-gated calcium channel  located in presynaptic membrane o Nicotinic acetylcholine receptor  selective to Ach released into synaptic cleft (sensitive to neurotransmitter) Muscle surface o Skeletal muscle voltage-gated sodium channel o Skeletal muscle voltage-gated chloride channel T-Tubule o Transverse tubule voltage-gated calcium channel o Sarcoplasmic reticulum calcium release channel



Ion channel pathology • • •



Mutations can occur in the genes coding for the channels  impaired function Antibodies can target onto ion channels and stop their function Bacteria can attack the ion channels



Excitation contraction coupling in muscle •



IV.



Picture  internet



Electronic signals



Resting membrane potential, action potential • • • • • • •



Is the voltage difference which can be measured across the cell membrane of a nerve cell (similar to muscle and heart cells) Has a value of -70mV (following ganon) If the membrane starts to depolarize the first 15mV occur in a slow fashion  after the firing level (or threshold level) is reached and depolarization occurs rapidly in a spike like fashion  action potential The depolarization not only reaches the 0mV level but polarizes the membrane positively up to +35mV  overshoot Once the potential falls again, at first it falls rapidly and later it does it slowly !! a hyperpolarization occurs similar to an overshoot during the action potential  the membrane potential reaches below -70mV for a short period of time  after hyperpolarization



All-Or-None law • • •



To provoke an action potential a stimulus of treshold intensity is necessary  if firing level is reached  action potential fires  the amplitude is the same, disregarding the intensity of the stimulus Action potential therefore follows “all or none” character



Ion potentials
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As in e.g. muscle cells the polarization of the membrane is made up due to ion gradients established by active transport  result in charge and concentration gradient Sodium is pumped out of the cell, potassium pumed in (3:2) ratio o  Na+ moves out of the cell through channels o  K+ moves into the cell through channels Diffusion or ion potentials are created by the diffusion of very few ions through the membrane  therefore do not result in changes in concentration of the diffusing ions K+ permeability at rest is greater than Na+ permeability  K+ responsible for resting membrane potential (the K+ potential alone would be -85mV, the Na+ potential alone would be +65mV) Ion conductance is a measurement for the membrane permeability for an ion During an action potential this location of the cell membrane changes its permeability for ions due to voltage gated ion channels o During the firing (upstroke of nerve action potential)  Sodium conductance increase sharply and falls sharply o During repolarization  potassium conductance increases and decreases (slowly)



Functions of certain ion channels • • • •



K+  hyperpolarization, repolarization Cl-  hyperpolarization Na+  depolarization Ca++  depolarization



Gates • •



•



Ion channels are gated  these gates behave as doors which open or close the gate Sodium channels have an activating and an inactivating gate o Activating gate  fast (therefore they are called “fast sodium channels”)  opens during depolarization very quickly  upon action potential fast sodium channels open and sodium rushes into the cell o Inactivating gate  closes the sodium channel after a while  at peak of action potential spike the channels close Potassium channels have only an activating gate o This gate is very slow  it also closes via hyperpolarization and opens during depolarization  ONCE its fully opened  repolarization starts (e.g. at peak of action potential) o Note that the further the membrane is hyperpolarized, the longer it takes for the K+ gate to open the channel o  this is the reason for the Anode break (look below)



Nernst equation for calculation of membrane potential ோ்







•



 = ܧ−2.3 ∗



• • • • •



E = equilibrium potential 2.3 * RT/zF = 60mV at 37°C Z = charge of ion Ci = intracellular concentration of ion in mmol/L Ce = extracellular concentration of ion in mmol/L  Example o Intracellular Na+ is 15mmol/L , extracellular is 150mmol/L o



•



Reflex actions
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= -60mV * log 0.1 = 60mV
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Composition of reflexes • • • • • •



Receptor  e.g. muscle spindle (hit on a tendon)  sudden stretch  generates local potential in receptor Potential spreads through trigger zone  reaches threshold  generation of action potential Action potential reaches center of reflex  spinal cord (reads the input and triggers output so to say)  enters through dorsal root Travels further to anterior horn of spinal cord  forms synapse here Activation of motor neuron  effector fibers carry motor signal through axon towards muscle  neuromuscular junction Triggers muscle contraction



Chemical changes in neuron from signaling point of view • • • • •



Neurotransmitter evokes electrical event at synapse  transmitter gated ion channels Electrical signal is spread passively as electrotonic potential If this potential strong enough to form action potential  generation of action potential at axon hillock Signal travels downward There are no fast sodium channels under the areas of myelination



Conductance of signals •



• • •



Electrotonic potentials decay with further distance they travel because the cell membrane is not a good insulator because the body is a volume conductor o The decay is exponential with distance Myelin sheaths provide well insulation and decrease the loss of electric potential Ranvier nodes are necessary for reamplification of the action potential Look next point for electrotonic potentials



Electrotonic potentials
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•



Stimuli at subtreshold intensity are not able to induce an action potential but they do have an effect on the membrane potential If a stimulating and a recording electrode are placed on a nerve cell the following can be observed o Application of currents with a cathode  localized depolarization potential change that rises sharply and decays exponentially with time  the further the distance to the recording electrode the weaker the signal o Application of currents with an anode  localized hyperpolarization that shows the same decay pattern as above These potential changes are called electronic potential o Cathode  catelectronic  since the hyperpolarization decreases  treshhold level is lowered –> excitatory potential o Anode  anelectronic  since the hyperpolarization increases (the membrane potential becomes more negative  the threshold level is elevated)  inhibitory potential In the lab anelectrotonic stimulus produces an action potential during switching on of the stimulus (valid for low stimulus) ?? recheck with vertes In case of middle strong stimulus (3V)  both will cause a muscle contraction (for switch on the contraction will be stronger than for switch off) In case of strong stimulus (9V)  response depends on which electrode is closer to recording o If cathode is closer  contraction during switch on o If anode is closer  no response during switch on, only during switch off Explanation  post anodal excitation (ANODE BREAK in some books)  for explanation look point below



Anode break • • •



In case of application of anodal stimulus the membrane at that spot becomes hyperpolarized  more negative (farther away from threshold) Potassium permeability will decrease due to hyperpolarization (gates on more channels close) If you then suddenly switch off the negative stimulus  sodium and potassium gates will start to open  since the sodium gates open way faster than the potassium gates  sodium will rush into the cell while no potassium can move out for repolarization  depolarization occurs and in case of high enough hyperpolarization  Action potential can be evoked



Accommodation • •



If you apply an increasing stimulus with a very shallow slope  no action potential will be formed although the threshold level has been reached Reason: the creators of action potentials are ion channels o Fast sodium channels  sodium influx  causes depolarization of that part of the membrane o Sodium channels however are gated  fast sodium channels have a fast activation gate (imagine a door which you can open very fast)  during depolarization these gates open up and sodium can move into the cell o Potassium channels are responsible for repolarization or hyperpolarization  these channels have SLOW gates o In case of a normal fast stimulus  the fast sodium gates open before the potassium channel can open (because their doors open slowly)  sodium rushes into the cell  depolarization  at the spike of the action potential the K+ channels finally managed to open  repolarization occurs [additionally here sodium inactivating gates close the sodium channels  look refractory period below for details] o  if you depolarize the membrane very slowly  slow potassium gates have long enough time to open together with the quick sodium channels and therefore enough potassium can flow into the cell to prevent sudden depolarization
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Refractory periods • •



•



Exist because of gates of the ion channels (as mentioned above under “accommodation point”) rd In addition to the two mentioned gates in the point above  3 one is important o Inactivating sodium gate o Look at picture above  the quick sodium channel gates opens  sodium can enter the cell  but after a while a second gate closes the channel again  spike of action potential has been reached Gating requires time  in order for the inactivation gate to reopen in the sodium channel  time is required  absolute refractory period



Space constant •



Length of axon required for a signal to decay down to 37% of its strength after turning of the stimulus in an axon  lambda (λ)



PHYSIOLOGY © D.A.T.Werner 148



Time constant •



Time which is required to drop the membrane potential to 37% of its original strength after the stimulus is turned off



Methods to study excitable membrane •



Check lab…
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Recordings o Intracellular recordings  fine pipette penetrates membrane  recording device is inside the cell o Extracellular recordings  electrode is located in proximity to neuron but in extracellular space



Rheobase and Chronaxie • •



•



•



V.



In order to measure and compare excitability of different axons the following experimental system has been developed  measurement of Rheobase and Chronaxie (as done in the lab) Rheobase o Is a voltage o Rheobase is the voltage which is minimally required to evoke an action potential at a nerve fiber in a time GIVEN BY YOU (in other words  you want to find out how many volt you MINIMALLY need for a lets say 10ms long stimulus in order to get an action potential)  the resulting voltage is rheobase Chronaxie o Is a time o Once you determined the rheobase for a timespan of your choice (should be long in relation to timeframes for signal transduction and nerve fibers)  you take the resulting voltage x2 o  if the rheobase was 2V  now you use 4V in the following experiment o  you measure the time needed to evoke an action potential at 4V (so here the voltage is constant and the time is changed, in rheobase determination the time is constant and the voltage is changed until you evoke an action potential) Once you determined the two values (one voltage and one timelimit) you can compare these to values of other axons and find out which of the nerve fiber classes your axon belongs to (and how easy it is excitable etc.)



Synaptic transmission



The lecture slides for this and the previous neurophysiology lectures have been downloaded  mostly picture slides  check them out instead of textform Chemical synapses •



Look at comparison table of lecture slide



Electric synapses •



Look at comparison table of lecture slide



Direct gated ion channels Indirect gated ion channels Neuromuscular junction • • • •



First synapse to be discovered Easy to study Curare is able to block neuromuscular transmission  used in arrow poisons by Indians Applied during surgical interventions in order to provide complete muscular relaxation



Curare and its action •



See graphs from lecture slides



Comparison between central and peripheral synapses • •



Single presynaptic cell (one muscle fiber is innervated by only one neuron) No overlap of post-synaptic cells (one neuron innervates only one muscle fiber)
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VI.



The synaptic potential is large No inhibitory transmission Singe post-synaptic receptor type



Neurotransmitters



What is a neurotransmitter •



Transmitters are packaged into synaptic vesicles and released in a Ca++-dependent manner, by action potentials that “invade” the nerve terminal



How can we decide on whether a substance is a transmitter or not? • • • •



Substance must be present in the presysnaptic nerve terminal Substance must be released from the nerve terminal by the arrival of an action potential There must be specific receptors for the substance on the postsynaptic cell  there are over two dozen compound that have been generally accepted as neurotransmitters



Proof •



Loewi experiment from last semester



Life cycle of the neurotransmitter • • • • • •



Synthesis of the transmitter If necessary, transport from the site of synthesis to the site of release from the nerve terminal Packaging and storage in synaptic vesicles Release in response to an action potential Binding to postsynaptic receptor proteins Termination of action by diffusion, destruction or reuptake into cells



Synthesis of neurotransmitters •



Dopamine o Tyrosine hydroxylase  neurotransmitter containing neurons can be traced in histology with specific methods staining the enzyme producing the transmitter o DOPA-decarboxylase



Axonal transport • • •



Fast anterograde transport (410 mm/day) o For subcellular organells (microtubule associated ATPase, kinesin) Slow axonal transport (0.2-2.3 mm/day) o Cytoskeletal elements and large proteins Fast retrograde transport o Microtubule associated ATPase, dynein o Viruses can be carried by retrograde transport  Herpes simplex, rabies, polio viruses, tetanus toxin o Horseradish peroxidase  can be used for retrograde labeling



Termination of action  diffusion  picture Lack of reuptake of neurotransmitter  excess in presysnaptic cleft  fewer free receptors on postsynaptic membrane •



At first  increased signal
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But then  since the negative feedback starts to act and all the receptors are occupied  inhibition



Read page 13 in board review book Types of Neurotransmitters •



•



•



•



Acetylcholine  cannot be put in any other group o Acetylcholine metabolism  Precursors  choline and acetyl-CoA  Synthesizing enzymes  Choline acetyl transferase  Metabolizing enzymes  Acetylcholinesterase  Metabolite  Choline o Acetylcholine receptor  Muscarinic receptor (5 subclasses)  mediate parasympathetic action  blocked by atropine  Nicotinic receptor  cannot be blocked by atropine but by curare o Importance of Ach  Neuromuscular junction  Parasympathetic postganglionic  …  Amino acids o Glutamate (glutamic acid)  excitatory o Aspartate (aspartic acid)  excitatory o Glycine  inhibitory o Gamma aminobutyric acid (GABA)  inhibitory  Importance • Spinal cord  Renshaw cells work with it  Synthesis • Precursor  Glutamate • …  Receptors • GABAa • GABAb • GABAc Biogenic amines (derivatives of amino acids) o Histamine o Serotonin (5-HT  5-hydroxytryptamine) o Catecholamines  Dopamine (DA)  Norepinephrine (NE)  Epinephrine (E) ATP, ADP, AMP, Adenosine



Pharmacology of neurotransmitters How drugs can influence synaptic transmission Antagonist •



•



Direct receptor antagonist o Curare blocks nicotinic receptor o Atropine blocks muscarinic Ach receptor o Atenolol selectively blocks beta1 receptor (treatment of hypertension) False transmitter production
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o Alpha-methyl-dopa  will be produced instead of dopamine and noradrenaline  not effective Depleting the synaptic vesicles o Reserpine  initially there is a transient increase in sympathetic tone, then inhibition develops. Reuptake promoters o Clonidine  stimulates alpha2 receptors, which facilitates the reuptake in the NE synapse o Alpha2 receptors act as a negative feedback mechanism by stimulating the reuptake of neurotransmitter from the synaptic cleft



Agonist •



•



•



•



•



•



Direct receptor agonist o Salbutamol beta2, beta1 receptor agonist o Terbutalin  predominantly beta2 agonist o Muscarine toxic agent in certain type of mushroom selectively stimulates muscarinic ach receptors Increasing the receptor sensitivity (GABA receptor) o All bind to the GABA receptor (inhibitory neurotransmitter) and increase its sensitivity for the receptor o Bezodiazepines  Diazepam- sedative anxiolytics  Nitrazepam- sleeping pill  Xanax- sedative o Barbiturates  narcotics, hypnotics o  these drugs are highly addictive  body gets used to it and dose needs to be increased permanently Depleting the synaptic vesicles  Amphetamine (speed like drugs)  releases catecholamines from the presysnaptic terminals, sympathetic tone is increased Administration of precursor of the transmitter o Treatmant of parkinsons disease with Dopamine precursor o Dopamine itself cannot be administered since it cannot cross the blood brain barrier o L-dopa  can cross blood brain barrier  can be converted to dopamine easily (by Dopa decarboxylase) Inhibition of the enzyme which breaks down the transmitter o Cholinesterase inhibitors  Reversible • Physostigmin • Neostigmine  Irreversible • Insecticides (pralidoxim, obidoxim) • Military gases (tabum, sarin etc.) Reuptake inhibitors o Cocaine  blocks the reuptake of norepinephrine, dopamine and serotonin (!!! One of the most addictive drugs known to date!!!) o Imipramine blocks the reuptaje of serotonin (antidepressant)



VII. Motor unit •



Picture on schematic figure of motor unit



Innervation ratio • • • •



How many muscle fibers are innervated by a single alpha motor neuron? One muscle fiber is always innervated by only one motor neuron Extraocular muscle: 10 Hand muscle: 100
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Gastrocnemius: 2000 Correlates with the force  fast fatigable fibers have 100times larger force, higher innervations ratio and higher cross sectional are. These fibers also are located closer to the surface.



Types of muscle fibers •



• •



•



Fast fatigable o high innervation ratio o Anaerobic metabolism o Pale  more glycogen, store more creatinin Fast fatigue-resistant Slow o low innervations ratio o Aerobic metabolism  contain lots of mitochondria  intensely stained Note that all the muscle fibers belonging to a motor unit have similar physiological properties and are always of the same biochemical type. Therefore there are three types of motor units as well



Studies of motor unit • • •



A single muscle fiber fires action potential when activated by the spinal motor neuron EMG deep electrode  can measure action potential Picture on unit activity (recording from a single muscle fiber)  on that picture the extracellular electrode measures the DERIVATIVE of the intracellular potential  it measures the SLOPE of the action potentials  at the upstroke we have the highest slope  peak on recording  before and after the potential line flattens  slope is low negative peak on the recording (GET A PICTURE ON THAT)



How is force graded in skeletal muscle (how is a strong or weak contraction produced since a muscle fiber can either fully contract or non contract) • • • • •



1. Slow units are activated first  small neuron  lower threshold  get excited first 2. Fast fatigue-resistant ones are involved next 3. Finally the fast fatigable units will be activated  biggest neuron  least sensitive to excitation  activated last with the highest stimulus This stereotyped order has been confirmed in several experimental and clinical conditions ALSO: Increased frequency of firing rate increases the muscle force o Picture o Highest frequency of stimuli (number of stimuli per time)  highest activation of motor units  highest force of contraction



Motor neurons • •



Picture Partial denervation  Motor neuron disease (loss of innervations) o Can be recorded via deep microelectrode o In case of reinnervation  if a slow motor unit becomes suddenly innervated by a fast motor neuron  the muscle fiber becomes a fast muscle fiber (MAGIC!!) o Also as effect of this  one motor neuron will innervate more muscle fibers  innervations ratio increases



VIII. Sensation (refers to lecture slide 22-24)
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Action potentials measured and triggered at first ranvier node Once threshold is reached you can measure action potentials  possible number of repetitions per time (frequency) give conclusion about reactivity of nerve fiber



Receptor potential coding • • • • • •



Stimulus  e.g. stretch is applied Stimulus low intensity  evokes local receptor potential Stimulus higher intensity  amplitude of receptor potential increases  action potentials (a few) Stimulus with even higher intensity  more action potentials in shorter time If you increase the time of stimulus  more action potentials per time Intensity dependent  feature would disappear if stimulus below threshold  Intensity of stimulus gives number of action potentials



Features of receptor, synaptic, action potentials (slide 24) • •



Check table of slide 26 IMPORTANT! Important differences to action potentials o Amplitude of receptor potential is small o Duration of receptor potential is brief o Synaptic potential e.g. in autonomic system is long o Both have passive propagation o Signal can be also hyperpolarizing



Rapidly adapting sensory receptors (slides 25-27) •



•



Pacinian corpuscle (rapidly adaptating) o Function of the onion (connective tissue laminae surrounding the nerve fiber)  receptor potential stops right after stimulus  if onion would have been removed the response would switch from phasic to tonic (lasts long even after the stimulus has been removed) Meissner corpuscles



Slowly adaptating sensory receptors • • • •



Show same curve for receptor potential which you would see in case of removal of onion around pacinian corpuscle Tonic response Merkel receptors Ruffini corpuscles



How can free nerve endings generate action potentials? (slide 29) • •



Theory A  in the resting condition the mechanoreceptive membrane allows few Na+ ions to pass because the effective channel size is small Theory B-  Stretching the membrane increases the effective channel size, thereby allowing more Na+ to flow across the membrane into the cell while K+ can simultaneously flow out



Effectiveness of stimuli (slide 30)
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nd



Receptors form synapses via interneurons (2 relay station)  dependent on the state of these interneurons they can increase the signal (A1 on lecture slide) Same way inhibitory interneurons  can slow or inhibit initial stimulus (B1)



Motion selective neurons Direction sensitive neurons • •



Certain cells in CNS show activity in case of touch stimulus on the hand in one direction (e.g. only in left – to – right direction) In case of movement in the opposite direction would inhibit this cells and activate a different cell



Orientation sensitive neurons Threshold of different parts of skin surface (slide 37) • •



Low threshold  higher sensitivity Look at lecture slide for different characteristic locations



Two point discrimination •



What is the narrowest distance at which you still can feel two distinct stimuli (like resolution on a computer screen)



Temperature sensation (slide 42ff) • • • • • •



Neutral zone  31-36°C Lasting cold  17-31°C Painful cold  below 17°C Lasting warm  36-45°C Painful hot  45°C Paradox cold  at first sight contact with hot temperature you feel cold (e.g. in the bathtub with hot water)



Different Kinds of Pathways (slide 46 and following) Epicritical sensation (slide 46) • • •



Crosses at level of medulla oblongata Receptors send their axons to dorsal column pathways nd Axons for 2 order neurons ascend via dorsal column – medial lemniscus pathway



Protopatic sensation (slide 46) • •



Afferent axons mediating nociception Cross to other side at segment of spinal cord it arrives in  spinothalamic pathway



Posterior (Dorsal column, leminscal system)  epicritcal sensation • • • •



Mechanoreceptors Deep receptors (vibration) Sensation of joint position and movement  Touch, discriminative recognition



Anterolateral (Spinothalamic system)  Protopathic sensation • •



Mechanoreceptors with low threshold, slow conductance, receptive field is extended (polymodla) Thermoreceptors
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Nociceptors (including visceroceptors too)



Spinocerebellar system • • • •



Somatotopy Modality Specifity Polymodality Dorsal and Ventral pathway



Feed forward inhibition Page 93, 220 ganon  read up Feed backward inhibition



Thalamus  look up thalamic nuclei • • • • •



Anterior ventro lateral side  mainly motor  connected with cerebellum, basal ganglia etc. Posterior, ventral, lateral  sensory structures (e.g. at pulvinar, lateral geniculate body for visual input, medial geniculate body for acoustic sensation) Dorsomedial side  important for pain discussion  connects to prefrontal lobe Reticular formation  reticular system throughout whole thalamus (function mentioned below) Non-specific nuclei of thalamus



Specific afferent pathways •



Receptor stimulus evokes potential at certain point in cortex (point to point specifity)



Non-specific afferent pathway • • • •



As axons ascend in brainstem  send axon collaterals to reticular formation  stimulate reticular formation The formation does not “know” from which receptor the signal originates  it just “cares” about that some stimulus arrives  upon stimulus it “genereally” activates the thalamus and therefore the brain Also stimulates the non-specific nuclei of the thalamus  increases e.g. general attention level upon touch (you get poked by your neighbor while sleeping in the lecture)



Superior colliqulus  important for visual movement information  connected to lateral geniculate body Inferior colliqulus  acoustic information  connected to medial geniculate body



Sensory cortex Columns (slide 65 and following) Layers 1) 2) 3) 4) 5)



Heterotypical cortex  agranular  pyramidal cells  motor cotex Homotypical cortex Homotypical cortex Homotypical cortex Heterotypical cortex  granular (many small cells)  sensory cortex



Primary sensory cotex (slides 69 and following) •



Consists of broadman areas  3a, 3b, 1, 2
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Every column is unique and communicates via association fibers with the other columns as well as with the other side of the cerebral hemisphere via commissural fibers of corpus callosum Receives point to point information via thalamus (look lecture slide)



Somatosensory map



IX.



PAIN



Pathway •



Nociceptor fires  spinal cord relays sensory information AND initiates relfex  muscle contraction (e.g. flexor reflex)  pain is felt and counteraction is taken



Strength duration curve (slide 87) Nociceptors •



•



Chemical mediators o Bradykinin o Serotonin o Prostaglandin o K+ Substance P is released as neurotransmitter o Stimulates mast cells to release histamine o Stimulates capillaries to vasoconstrict



List of substances  slide 91 very important Fiber types for pain transmission • •



•



Adelta  sharp, pricking pain o Immediately transmit signal to secondary neuron  travels up (via fast sharp pain fibers) C  slow, long lasting, burning pain o Due to several synapses  synaptic delay slows down transmission o No myelination  action potentials travel slower Both cross at level of spinal cord



Gating mechanism (slide 98) •



•



C fiber stimulates projection neuron BUT it has a collateral axon which inhibits inhibitory interneuron o Final outcome  inhibition of inhibition AND stimulation of projection neuron  facilitation of pain  gate open Aalpha,beta fibers  stimulate projection neuron but at the same time the inhibitory neuron  short transmission of sharp pain, then the gate closes



Encephalin (Slide 101) •



•



Endogenous opiates facilitate decrease of EPSPs  inhibit neural transmission on different levels o Sensory receptor o interneurons READ UP ON POMC



Pain transmitting pathways
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Spinothalamic tract Reticular formation (increases responsitivity of whole brain)



Untolerable thalamic pain syndrome • • •



Disease usually caused by intrathalamic tumor Patient feels terrible pain without any external stimulus To treat it  connection from reticular area to prefrontal lobe is cut  NOW the patient still feels and localizes pain but has no negative associations (emotional) to it anymore since the signal is not relayed to the higher brain centers anymore



Central analgetic system • •



Descends to gate in posterior horn of spinal cord and determines how much pain can be transmitted to the brain Encephalic neurons descend from PERIVENTRICULAR GREY MATTER to the PONS (raphe magnus nucleus)  descend as Serotonergic neurons to encephalic neurons in dorsal horn of spinal cord  pain transmission is controlled



Referred pain (slide 118) • • •



Pain carried towards the spinal cord from afferent neurons can be relayed in the area of the same dermatome to the skin Check areas of referred pain in lecture slide etc. Page 145 ganon book



Acupuncture • • •



Scientifically proven Can change threshold levels of nerves Can stimulate delivery of transmitters (e.g. Arginine Vassopressin)



Phantom pain • •



Although leg has been amputated  patient can still feel pain the non existing limb Afferent neuron stump still can be stimulated (since around the cut ending a neuroma has developed  can be stimulated via compression)  pain stimulus from afferent sensation arrives at brain and is localized in the original place of the receptor  in this case the non existing leg



X. Locomotion • •



•



• • •



Locomotion is an integrated process which depends on MULTIPLE inputs from spinal, medullary, midbrain and cortical levels that regulates the posture of the body and makes coordinated movement possible Inputs converging on motor neurons subserve 3 functions o Engagement of voluntary activity o Provide stable background (posture) for movement o Coordinate actions of various muscles to make movement precise Tracts transmitting movement signals o Corticospinal tract o Corticobulbar tract Posture is regulated by postureregulating systems Smoothening of movement is coordinated by the medial and intermediate portions of the cerebellum (spinocerebellum) Voluntary movement is planned by motor and premotor cortices o Feedback circuit  basal ganglia and neocerebellum



Organization
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•



•



•



•



Motor output is of two types  reflexive AND voluntary or involuntary Voluntary movement o Planned in motor and premotor cortices o Basal ganglia and cerebellum funnel information to these two cortices VIA the thalamus o Collaterals of the corticospinal and corticobulbar tracts reach motor nuclei in the brainstem Feedback o Movement sets up alterations in sensory input from the special senses and from muscles, tendons , joints and the skin  feedback information which adjusts, smoothes movement o  relayed directly to motor cortex and spinocerebellum Brainstem pathways concerned with posture and coordination o Rubrospinal o Reticulospinal o Tectospinal o Vestibulospinal tracts Control of axial and distal muscles o Axial muscles  trunk muscles and proximal portions of the limbs  Concerned with postural adjustments and gross movements  Ventral corticospinal tract  Tectospinal tract  Reticulospinal tract  Vestibulospinal tract o Distal muscles  distal portions of the limbs  Concerned with fine, skilled movements  Lateral corticospinal tract  Rubrospinal tract Upper motor neurons o Neurons in brain and spinal cord which activate lower motor neurons AND regulating systems o Lesions  Posture-regulating systems  spastic paralysis (continuous contraction of muscles  since these systems act inhibiting on the Upper Motor Neurons)  Corticospinal, corticobulbar tracts  if these tracts ALONE would be cut  paresis  Cerebellum  incoordination



o Check the paper from the lab concerning examination of UMN functionality!  UMN lesions include the regulating centers as well  basal ganglia, tracts of the extrapyramidal



•



system etc.  therefore the symptoms of e.g. “UMN syndrome” are not simply paresis but rather hypertonia and pathologic reflexes etc. Lower motor neurons o Spinal and cranial motor neurons which directly innervate muscles o Lesion  flaccid paralysis, atrophy, absence of reflex responses



Motor Systems Corticobulbar tract •



Nerve fibers passing from the motor cortex to cranial nerve nuclei



Lateral corticospinal tract • • • •



Make up 80% of corticospinal pathway Fibers cross at pyramidal decussation Concerned with skilled movements Fibers end directly on motor neurons
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Damage  BABINKSI sign  dorsiflexion of great toe and fanning of the other toes when the lateral aspec of the sole of the foot is scratched (the normal response, except in infancy, would be the plantarflexion of all toes)



Ventral corticospinal tract • •



Remaining 20% of corticospinal pathway Fibers do not cross until they reach level of muscle which they control



Motor homunculus • • • •



•



Motor cortex (precentral gyrus, brodman area 4) shows motor projections for the different body parts Facial area is represented bilaterally Corresponding motor area is controlling musculature on the OPPOSITE side of the body Cortical representation of each body part is proportionate in size to the skill which the part is used in fine, voluntary movement o  areas involved in speech and hand movements are especially large in the cortex o Pharynx, lips, tongue, fingers, apposable thums Motor system learns by doing  body parts which are extensively used show enlargement of the responsible cortical area after 1-4 weeks



Supplementary motor area • •



Involved in programming motor sequences Involved in voluntary movements if movement is complex and involves planning of steps



Premotor cortex • • •



Projects to brainstem areas concerned with postural control Provides part of corticospinal and corticobulbar output Sets initial position at the start of a planned movement



Posterior parietal cortex • • • •



Includes somatic sensory area Projects to premotor area Contributes fibers to corticospinal and corticobulbar tract Lesion  inability to perform learned movements (eating with knife and fork e.g.)



Posture regulating systems • • •



Integration  afferent impulses produce simple reflex responses  at higher levels in the nervous system increasingly complicated motor responses are produced When the neural axis is transected  activities below the section are cut off or RELEASED since the inhibiting higher braincenters cannot influence the reflex response anymore  accentuation (SEE DECEREBRATION) Postural control  postural reflexes of different kinds serve to maintain a balanced posture and also provide a stable body background for voluntary movement o Static reflexes  sustained contraction o Phasic reflexes  transient contraction o  major factor is the variation in threshold of the spinal stretch reflexes by changes in excitability of motor neurons and indirectly by changes in gamma motorneuron discharge o  SEE XII. REFLEXES



Extrapyramidal motor-system Systems concerned with spasticity:
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supressor pathways o corticobulboreticular o caudatospinal o cerebelloreticular o Medullary reticulospinal facilitatory pathways o Pontine reticulospinal o Vestibulospinal (stimulation of extensors, inhibition of flexors) o Rubrospinal (stimulation of flexors, inhibition of extensors)



Structures belonging to the extrapyramidal system: -



premotor (small inferior part doesn’t belong here) (Br 6) precentral (Br 4) postcentral (Br 3,1,2) 22 19 5 8 (upper part)



Lesion in Br 8 : gaze towards contralateral site of action Contralateral spastic hemiplegia: -



caused by stoke / bleeding (cortical damage to extrapyramidal system) ipsilateral face paresis contralateral paresis/plegia in the extremities



If lesion in 4; spastic hemiplegia is not seen, only hemiplegia Extrapyramidal system consists of: -



lateral, ventral & anterior side of thalamus (motor thalamus) caudate nucleus (represented by Br 6 and 8) putamen + globus pallidus (internal/external segments) red nucleus reticular formation



Nigrostriataldopamine system •



From substantia nigra  dopamine cells send their axons to the striatum  stimulatory?



Broadman areas •



6, 8 o o o o o o o



Caudate nucleus Subthalamic nucleus Substantia nigra Red nucleus Reticular formation Globus pallidus (External and internal segments) Putamen



The arrangement on systemic level of the extrapyramidal system is TOTALLY different from the pyramidal system  while the pyramidal systems sends a straight descending tract from motor cortex to spinal cord  the extrapyramidal system forms circle like arrangements of information propagation •



Circuits o Corticostriate fibers  striatum  substantia nigra  thalamus  cortex
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o Cortex  Striatum  Pallidum  substantia nigra  spinal cord o Cortex  striatum  pallidum  spinal cord o Cortex  interneurons  spinal cord o Nucleus dentatus  nucleus ruber  tahalums  cortex Systems of pathways  descending o Reticulospinal o Tectospinal o Rubrospinal o Vestibulospinal o  all innervate intermediate nuclei  from there Aalpha neurons innervate muscle fibers AND (special for



extrapyramidal system) the Agamma neurons  set threshold of muscles  ONLY the extrapyramidal system stimulates Agamma neurons for setting thresholds of muscle spindles One neuron has about 6000 synapses Sensory-motor integration -



the sensory information should influence the motor system



Function of Extrapyramidal system -



-



support of body position in rest and firing movements (actual distribution of muscular tone) static and statokinetic reflexes, righting and direction specific reactions holokinetic movements o movements of big muscles like gluteus maximus o smaller movements controlled by pyramidal system defending, avoiding and attacking movements
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-



synkinesis (tone and movement equilibrium and rhythm of agonist and antagonist muscle groups) o rhythmic walking is a form of synkinesis o how the extremities move together o blinking of the eyes species-specific posture and movement patterns o behavior specific o movement patterns is different for different species sex-specific movement patterns o males move in a different way than females consummative behavioral motor patterns movement patterns of sexual behavior o the male cat would bite the neck of the female during the sexual act personal movement patterns o personal features of facial expression, dancing, etc. mimicry, gesture, dance



Diseases -



-



hypokinesis – hypertonia – rigidity (Parkinson’s disease – parkinsonism) o hypokinesis: difficult with onset of movement o hypertonia: muscular tone is increased hyperkinesis –hypotonia (Huntington’s disease) o hyperkinesis: excessive movement o hypotonia: decreased muscular tone



Huntington’s disease occurs due to damage of cholinergic neurons in the caudate nucleus. The substantia nigra contains lots of dopamine cells. Loss of these cells are very evident in Parkinson’s disease. Chemical treatment of Parkinson’s: dopamine should be replenished, but dopamine doesn’t cross brain-blood-barrier. The precursor to dopamine, L-Dopa, is therefore gives with the appropriate enzyme to convert it to dopamine in the brain. A change in personality is often seen in Parkinson’s; the patient become more self-centered, doesn’t care about the external world anymore  called emotional rigidity 6-hydroxy dopamine  natural occurring neurotoxin  damages dopamine and epinephrine  evokes symptoms of parkinsonism in test animals Huntington`s chorea •



Caudate nucleus shrinks  can be seen as magnification of lateral ventricles



Athetosis • • •



Weird movement of hand Due to damage of striatum Can be due to CO2 poisoning



Wilson disease • • • • • •



Hepatolenticular degeneration Ceruloplasmin defect  excess copper  eyes become yellow Cupper also deposited in liver and lentiform nucleus Inherited disease Treatment  penicilamine  chelates copper (which does not help against already deposited copper) Preventive treatment is very important to prevent deposits!
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XI. Spinal Shock State caused by transection of the spinal cord  depending on the level of the transection the effects are different Initially all spinal reflexes are depressed  subsequently reflex responses return in a certain order and become hyperactive (might be due to “denervation hypersensitivity” to the mediators released at synaptic clefts) Encephalization  reinstatement of motor function (in humans takes minimum 2 weeks)



Effects •



• •



• • • •



•



•



•



• •



Somatic: lack of somatic sensation, movements (atonia, plegia) o 1-5 weeks later: strong, painful stimuli: flexion movements o later: diffuse flexion movements at contralateral side , too: mass flexion reflexes o local flexor reflexes, movements, wiping reflexes (see the frog) mass reflexes  afferent stimuli irradiate from one reflex to another  when minor noxious stimulus is applied to skin e.g. it can irradiate autonomic centers and produce a mass of effects in addition to the withdrawal reflex o evacuation of rectum and bladder o weating o pallor o blood pressure vegetative: areflexia skin below transection: dry, hot, red blood pressure: 60-80 mmHg (after weeks it can be normal) defecation, urination: there is no control o atonic bladder, sphincter closed: passive incontinentia ( passive flow, residual urine) o later: bladder tone increases: uncontrolled reflex urination  active incontinentia o final stage: simulation of the anal regio: defecation, urination genital: areflexia o later: hyperreflexia: priapism to ligh penile stimulation o later: spontaneous ejection, metabolism and other symptoms: - increased protein decomposition - inanition (decreased food intake) - hypercalcaemia – uria - poikilothermia –thermoregulation (labile body temp) important to prevent - decubitus ulcers  weight of body compresses skin circulation over bony prominences  skin breaks down and heals only poorly - sepsis - uraemia Treatment  high dose administering of glucocorticoids which reduces inflammatory response in the damaged tissue Locomotion generator  spinal animals can be stimulated to walk by the administration of L-dopa after complete transection of the spinal cord  there are 2 pattern generators for locomotion, one in the cervical and one in the lumbar area, which are usually stimulated by the mesencephalic motor region



XII. Decerebration Cuts are made in certain regions of the brain  depending on where the cut was made several symptoms appear in the corresponding animal
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PHYSIOLOGY © D.A.T.Werner In general decerebration causes spastic contraction of muscles  decerebration rigidity due to the fact that inhibiting higher brain centers are “cut off” from the information pathway  these brain centers mainly act by changing the discharge of gamma motor neurons  after decerebration the large facilitatory reticular formation discharges spontaneously •



BULBOSPINAL animal (low decerebration) o transection: upper border of the pons o respiration, circulation, thermoregulation are OK o there is no areflexia o tonic static reflexes can be evoked o Gamma neuron facilitation - Increased tone in extensors. Role of antigravity (bradypod: increased tone in flexors) o  all extremities are in extended position o “exaggerated” form of standing (antigravity)  due to tonic labyrinthine reflexes which are initiated by action of gravity on the otolithic organs and are effected via the vestibulospinal tracts (extrapyramidal system) [mainly lateral vestibulospinal tract] o there is no righting, nor locomotion o “bleeding at the level of the pons, usually associated with a tumor”



•



MESENCEPHALIC animal (upper decerebration) o transection: before the caudal end of the red nucleus o acute symptoms similar to lower decerebrated animal o animal reclined on one side: limbs overflexion o in rest: creeping position o stimulation : righting, walking. Righting reflexes



•



THALAMIC animal (sensorimotordecortication) o Placing, hopping reflexes are missing HUMAN: o lower limbs: increased extensor tone o Upper limbs: increased flexor tone o Contralateral spastic hemiplegia, “tendon” reflexes



•



XIII. Reflexes Reflex arc/Main reflexes Basic unit of integrated reflex activity • • • • •



Sense organ Afferent neuron One or more synapses Efferent neuron Effector



Bell-Magendie law • •



Shows that the dorsal root of spinal cord is sensory and the ventral root is motor Experiment shows proof via the effects of spinal cord ligations on the flexor crossed extensor reflex
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Dorsal root  no response to stimulus on ipsilateral/contralateral side BUT response onto stimulus of contralateral side  since here the afferent pathway is intact and on the other side the effector pathway is still intact Ventral root  no response on ipsilateral side (since the efferent pathway is damaged) BUT response on contralateral side (since the afferent pathway of ipsilateral still transmits stimulus to contralateral ventral horn)



Monosynaptic reflexes • •



Have only one synapse between afferent and efferent neuron (e.g. patellar reflex) Stretch reflex  when a skeletal muscle is stretched  it contracts o Sense organ  muscle spindle o Afferents via Ia fast neurons o Synapse neurotransmitter  glutamate



Polysynaptic reflexes • •



One or more interneurons are interposed between the afferent and efferent neurons Withdrawal reflex o Occurs in response to noxious stimulation of skin or subcutaneous tissues o Response  flexor muscle contraction and extensor inhibition  stimulated limb is withdrawn from the stimulus  If a strong stimulus is applied  contralateral limb is extended (crossed extensor response)  This can be very good demonstrated in spinal animals in which all other modulating impulses from the brain have been abolished o Withdrawal reflexes are life saving and therefore prepotent  there initation abolishes all other reflex activities in the spinal cord going on at that time



Reciprocal innervation •



During a stretch reflex the antagonistic muscle relaxes  due to reciprocal innervation  Ia afferents from the agonist muscle cause postsynaptic inhibition of the antagonist Aalpha neurons



Muscle spindle receptor Structure • • •



•



Each muscle spindle consists of about 10 muscle fibers enclosed in a connective tissue cap These are called intrafusal fibers and run parallel with the extrafusal fibers  if the muscle is stretched the intrafusal fibers are stretched as well Two types of intrafusal fibers o Nuclear bag fiber  Contains many nuclei in a dilated central area  2 bags per spindle o Nuclear chain fiber  Thin, short, lacks a bag  4 per spindle Sensory endings o Primary (annulospiral) endings  Ia afferent fibers  One branch innervates nuclear bag number one  One branch innervates nuclear bag number two + the nuclear chain fibers
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 These fibers wrap around the center of the nuclear bag/chain fibers o Secondary (flowerspray) endings  II afferent fibers  Located only on nuclear chain fibers Motor endings o Aγ  form motor end plates (plate endings) and extensive networks (trail endings)  primarily innervate nuclear chain fibers o Aβ  Innervate extra- and intrafusal muscle fibers o Both produce two functional types of responses  Dynamic fusimotor axons  produce dynamic responses  Static fusiform axons  produce static discharge at constant length



Function • • • •



•



When a muscle spindle is stretched  sensory endings are distorted  receptor potential generation Upon muscle contraction  muscle spindle stops firing  Muscle spindle and its reflex connections constitute a feedback device which maintains muscle length Dynamic response o Nuclear bag afferents discharge rapidly while the muscle is suddenly stretched but less rapidly during sustained stretch Static response o Nuclear chain afferents discharge at an increased rate throughout the period when a muscle is stretched



Effects of gamma motorneuron discharge • •



Stimulation of Aγ neurons causes the intrafusal fibers to shorten  stretches nuclear bag portion of muscle spindle  annulospiral endings are deformed  generation of action potentials in Ia fibers  reflex contraction of muscle Increased gamma efferent discharge can also just elevate the spindle sensitivity and therefore regulate the contraction force upon muscle stretch



Regulation of gamma motorneuron discharge •



Aγ neurons are regulated by a number of descending tracts of the brain  regulate sensitivity of muscle spindles  threshold of stretch reflexes in various parts of the body can be adjusted to meed the needs of postural control



Golgi Tendon organ Structure • • •



Net-like collection of knobby nerve endings among fascicles of a tendon Ib afferents  produce IPSPs on Alpha motor neurons of the same muscle Afferents end on inhibitory interneurons of the agonist muscle and have excitatory connections with motor neurons of the antagonistic muscle



Function • • •



GTOs are stimulated by passive stretch AND active contraction to produce relaxation The reason for the fact that stretch of the muscle does initially not stimulate GTOs but the initiation of stretch reflexes via the muscle spindles is that muscle stretch is mostly compensated via elastic elements of muscle fibers  a very strong stretching of muscle however stimulates the GTOs and instead of expected reflex contraction the muscle relaxes  Inverse stretch reflex



Muscle Tone
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Resistance of a muscle to stretch In case of damage to motor nerve  flaccid muscle Hypertonic (spastic) muscle  hyperactive stretch reflex  strong resistance to stretch



Lengthening reaction •



In case of hypertonic muscle (e.g. due to UMN lesion)  arm flexing meets resistance due to resistance to stretch in triceps muscle  extensive flexion suddenly activates GTOs  triceps relaxes and the arm snaps in  Clasp-Knifeeffect



Reflex times •



Reaction time  time measured between application of stimulus and initiation of response



Types of Reflexes POSTURAL reflexes A. STATIC REFLEXES (can be studied on bulbospinal animal) I. tonic spinal reflexes (after cervical transection) a. local: myotatic reflex b. segmental: flexor, crossed extensor c. intersegmental, generalized: Sherrington’s reflex figures II. tonic neck reflexes (lower decerebration) a. “head up” (upper limbs: extension, lower limbs; flexion) b. “head down” (upper limbs flexion, lower extension) c. extension toward direction of head turning III. tonic labyrinth reflex (+ upper 4 C damaged) a. “head up” (all limbs: extension) b. “head down” (all limbs: flexion) B. RIGHTING REFLEXES (can be studied on mesencephalic animals) 1. 2. 3. 4. 5.



origins in the labyrinth (blind, lying animal lifts up its head) from body to head (blind, lying, labyrithectomized animal lifts up head) from body to body (on lying animal the lower part of the body gets to normal position) vestibular (placing) lower limbs are extended on blind, suddenly lowered animal) neck reflex (head turning: neck and shoulders will follow)



C. CORTICAL REFLEXES (damaged on thalamic animal) 1. Contact placing reflex (places the foot firmly on a supportive surface) 2. Hopping reflex (keeps the limbs in position to support the body when a standing animal is pushed laterally) 3. Visual placing 4. Visual righting 5. Instinctive tactile grasping reflex (premotor and supplementary motor cortices are damaged) 6. Instinctive tactile avoidance reflex (primary motor and parietal cortices are damaged) 7. Instinctive visual grasping (temporal lobe damage)



[..] Skeletal Muscle, Smooth Muscle  not covered since Hartmann gave the lectures  CHECK BRS/Ganon/Gayton
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XIV. Cerebellum Anatomical structure  BRS book neuroanatomy • • • •



• • •



Two hemispheres interconnected by vermis Arbor vitae  corresponding to pathways Nuclei  fastigius, dentate, emboliform, globules Cerebellar tonsils  danger of herniation (in case one of the foramina of brain gets closed OR intracranial pressure increases  pressure pushes cerebellar tonils through foramen magnum) o Methods to measure of intracranial pressure  Eye mirror o Symptoms of increase in pressure  uncertainty, vomiting, paresis etc. Anterior lobe Posterior lobe Nodulofloccular lobe



Pathways • • • •



Spinocerebellar system Vestibular system Pontocerebellar system (from cerebrum) See anatomy



Zones • • •



•



•



Each zone receives and integrates information from different parts of the CNS Lateral zone o cortex Paravermal zone o Spinal o cortex Vermis o Vestibular o Ocular o Spinal NOTE that you could draw a homunculus onto the cerebellar cortex as well as on the cerebral cortex



Structure of cerebellar cortex •



Cells o



o



o



Purkinje cells  one long axon and strong dendritic arborization  ONLY output of the cortex  inhibitory Granule cells  Excitatory (only exciatory cell type in cortex)  Sends axon to surface of cerebellum  turns perpendicular into parallel fibers and synapses with purkinje cells (one or two synaptic contacts)  Very high number of cells  one purkinje neuron receives about 200.000 synapses from different granule cells Basket cells  Inhibitory neuron  Axons wrap baxonlike around cell body of purkinje cell
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o



• •



•



 Send one perpendicular axon for other purkinje cells Stellate cells  Same as basket cell  inhibitory cell  Different shape  found closer to surface of cortex Golgi cell  Synapses with fiber which results from mossy fiber/granule cell  Inhibitory  inhibits granule cells



Layers Inputs (excitatory) o Mossy fibers  Makes contact with granule cells o Climbing fibers  Climbs to dendrites of purkinje cells  Has at least 300 contacts with purkinje neuron  signal amplification  Only the olivocerebellar tract sends input via these fibers Artificial stimulation of parallel fibers o Stimulation by means of microelectrode o Everything would be excited  also inhibitory stellate cells  purkinje neurons would be inhibited AND golgi cells would inhibit granule cells  inhibition of incoming signals o Recordings  Excitation of parallel fibers and recording of medial purkinje neurons  first excitation can be recorded then lasting inhibition  Excitation of parallel fibers and recording of lateral purkinje neurons  only inhibition can be recorded



Function of cerebellar cortex • • • • •



•



• •



Motor efferent signals are integrated with incoming sensory information to smooth and precise movement Like a final control system which integrates the actual motor order and the sensory state of the body Allows motor responses to proceed to the spinal motor neurons  is able to inhibit a movement based on the stage of planning before the actual execution If the cortex gets activated its effect will be inhibitory EXAMPLE 1 rapid eye movement (related to lecture slide on recording of eye movement and purkinje cell activity) o 20ms before actual movement is done the purkinje cells increase massively their activity  inhibit neuro transmission of deep cerebellar nuclei EXAMPLE 2  Adiadochokinesis (pathologic) o During the process of pronation overpronation needs to be prevented  stopping of initiation of an unnecessary movement Function 1 o Stopping of unnecessary movement  flocculonodular lobe, based on vestibular, visual and spinal information Function 2 o Learning of motor activities o Execute a goal directed movement in exact repetition  this movement is conducted and not inhibited if it has been executed successful (e.g. hammer hitting on nail  if it hits properly  motor learning) o Another example  speech is also a learned movement  in case of cerebellar lesion the human voice would change during speech (scandation) o NEOCORTEX ASSOCIATED



Symptoms of cerebellar damage • • •



Vermis and flocculonodular node  related to gazing and vestibuloocular reflex Ataxia Cerebellar tremor
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Dysmetria  measuring distance –> e.g. how far to reach to grab an object is absent Muscular tone decreases (Atonia) Luciani trias (astania, atonia, ataxia)



Picture on functional diagram from Lenard´s lecture



XV. Hearing and Vestibular system Serpentine •



Acoustic sensation



Semicircular canals • • •



•



•



•



•



Filled with endolymph Function: responds to angular acceleration and deceleration of the head Ampulla o Wider area in which receptor is localized  crista ampullaris o Tip contains gelatinous mass in which hairs protrude that form the receptors (kinocilia and stereocilia) o Endolymph movement pushes on the gelatinous mass  stimulation of hairy receptors o NOTE that the acoustic receptor also works with hairy cells (for equilibrium sensation) Hair receptors in detail o Cells are lined up o First hair long hair  kinocilium o From here a line of stereocilia extends to the other side of the cell  they become shorter and shorter o  this is called morphological polarization o Sensation depends on if the stereocilia are bent towards or away from the kinocilium  Towards  depolarization  Away  hyperpolarization o In detail  cilia are attached to each other by “tip links” which link the tip of one cilium to another  in case of movement towards the kinocilium, the shorter stereocilium is pushed towards the higher  the tip links pull on each other and they open (like a cap that is pulled by a string) ion channels  influx of Ca++ and K+  depolarization  then a molecular motor in the higher neighbor moves the channel downwards within the stereocilium and therewith decreases the tension  the channel closes o Primary afferent fiber carries stimulus in frequency code towards acoustic brain center Efferent fibers o Modifies neurotransmission of receptors toward afferent fibers o Similar to gating system for pain related information o It defines how much acoustic information enters Steps of hair movement o 1 – initial acceleration  the body turns but the liquid due to its physical characteristics accelerates slower o 2 – steady rotation  liquid caught up with the movement  equilibrium sensation caught up o 3 – movement stopped  liquid still in movement  feeling of turning is still aware (just turn around your body axis really quick for a while and then stop  the feeling is still as if you are turning) Potentials o Tonic potential is present o At the beginning of rotation a spike can be notized (initial acceleration) o Plateau at level of tonic potential (steady rotation)
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•



Utricle and Saccule • • • • • •



•



Function  equilibrium sensation (linear acceleration and gravity) Static and statokinetic position o Sends signals during standing still as well as movement Also contains hairy cells Also contains gel mass Filled with calciumcarbonate crystals (OTOLITH ORGAN)  based on movement they compress or pull the gel mass  hair receptors are stimulated differently Morpholigcal polarization o Different than crista ampullaris o Utricle  polarization towards midline o Saccule  polarization towards two different directions Responsible for elevator feeling o Change in gravitational force can be felt



Connections of vestibular system  the vestibular system is part of reflexes and triggers motor activity in completely different systems  high level of integration at different locations in brain (e.g. motor nuclei of brainstem, area postrema etc.) • Run together with optic systems (integrated partly together in reticular formation and deiter´s nucleus) • Deiter´s nucleus  main input output part of vestibular system • Connections to cerebellum • Reticular formation  from deiter´s nucleus and three optic motor nuclei  via reticulospinal pathway downwards • Vestibulospinal tract (coming from deiter´s nucleus) • Vestibular excitation can cause vomiting  via VAGUS [e.g. rollercoaster puking ☺] Vestibuloocular reflex  acoustic cue triggers eye movement towards direction of acoustic signal (recheck reflex table)  Mediated by the following motor nuclei o Oculomotor nucleus o Trochlear nucleus o Abducent nucleus Nystagmus  can be pathological (spontaneous nystagmus) or physiological •



•



(if the head is moving but the eyes are fixed on one object  via vestibuloocular reflex the eyes try to follow the movement during head movement  once the eyes cannot follow the object anymore the gaze jumps fast to a new object  physiological nystagmus o train nystagmus o rotational nystagmus o post rotational nystagmus (opposite direction of rotational nystagmus) o caloric nystagmus (examinational method  putting cold or warm water in one ear results in lateral gaze)  caloric testing is the only method by which one can evaluate the function of each sides semicircular duct individually because normally head movements stimulate both sides at the same time  warm water can cause a thermal current in the endolymph causing the patient to manifest vestibular nystagmus  check BRS for different reactions and pathology Spontaneous nystagmus  serious pathological sign  cerebellar, vestibular tumor or bleeding or due to brain damage in accident  lower brainstem/ vestibular nuclei damaged
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Central Hearing Mechanisms Roles • • •



Signalization – detection of environmental signals Communication – contact with individuals of the same or different species Spatial orientation



Functions • • •



Event detection – onset and offset of sound Complex signal evaluation – pitch, loudness, time, information content Localization – identification of source of the sound; evaluation of movement of the sound



General features • • •



• •



Tonotopic localization  check it up Spatial morphological characteristics  lamina topographical organization Spontaneous neuron activity at any level o Tonic responses o Phasic responses Lower level neurons fire at higher frequency  up to 1000 times per second Upper motor neurons fire at lower frequency  several 100 times per second



Functions of the hearing • • • • •



To signalize an event (victim-predator) To locate the source of the sound (directional hearing) To control our own voice Communication (humans speech, music to learn to speak (deaf and numb)) Echolocation



Performance of the human ear • • • •



Frequency range  60-24.000 Hz Frequency discrimination: 2-3Hz (above threshold, 1000-3000Hz) Dynamic range  0-120dB Amplitude discrimination  near the threshold: 5dB, above the threshold 10dB



Physical parameters of the reference level of the Bell´s scale •



Cgs: 0.0002 din/cm²



The threshold is frequency depending  measured in audiogram (remember from physics lab) Anatomy of human ear • •



External ear  auricle, external auditory meatus Middle ear  tube



External ear •



Auricle  6 dB hearing gain
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External auditory meatus o Flat resonance curve o Self-cleaning mechanism (migration) o Skin from tympanic membrane  cleans itself by outgrowing via skin of external auditory meatus



Middle ear •



An impedance matching mechanism [impedance  resistance to transmission of energy in form of vibration]  in case of identical impedances for two systems  resonance • The necessity of such a mechanism  IMPEDANCE of air and water are very different  sound from air is 99.9% reflected by water, only one percent is absorbed  HOW CAN underwater creature here sounds?  Bone conduction Bone conduction •



Put your mandible on a vibrating object and you will feel the vibrations in your ear “hear the vibrations”



Tympanic membrane • • •



Conical fiber system Different vibration pattern Typmanic membrane facilitates pressure equalizing in a valve like function  e.g. during starting/landing of an airplane (important for hearing  look “tympanometry”



Projection of the inner ear • •



Construction of the ossicular chain Stapedius reflex o Very loud (80dB) provokes reflex activity by contraction of stapedius muscle  afferents via facial nerve



Tympanometry • •



Maximal absorption of sound energy happens in case of equal pressure inside and outside tympanic cavity Even the retraction of the stapedius muscle can be measured  the stronger the applied stimulus  the stronger the contraction of the muscle (until it fatigues)



Surgical intervention on the ossicular chain •



Stapedectomy  removal and replacement of the fixed stapes in order to eliminate the conductive hearing loss



Tone burst spikes •



At onset of stimulus a strong excitation occurs  high firing rate is maintained throughout existence of sound stimulus  switching sound off causes sharp inhibition of firing level  after the spontaneous firing rate returns (figure in lecture)



Auditory pathways • •



Check lecture slide and book  ADD here the steps VERY IMPORTANT Until the level of the cochlear nuclei  no decussation o Until there  exclusively monoaureal input  only from the ipsilateral ear the sound info arrives o Further up  decussation  acoustic information arrives at contralateral side
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XVI. VISION General characteristics of the human eye Index of refraction • • • • • •



N=1  no refraction N=1.330  water N=1.612  carbon bisulfide N=1.00  aphakic eye, air filled N=.1.3  aphakic eye, vitreous filled NOTE that for the refractive index of the eye tears or the refractive index of the lens are not important  In optics the filler is important, not the wrapper



Schematic eye of gullstrand • • • •



Some dude measured distances within the eyeball (e.g. between two curvatures etc.) and calculated refractive power of eyeball Cornea  n=1.37  43.08 Diopter Lens  n=1.4  20.53 Diopters Total  59.74D



Aim of refraction  to focus light onto fovea centralis  produce an image 3 lens concept • • •



st



1 lens  anterior surface of cornea  very regular in shape planoconvex lens filled with water  AQUEOUS LENS (1.33n) nd 2 lens  LENS rd 3 lens  VITREOUS (complete filling of vitreous cavity)  n=1.33 again  most important is the function of magnification of the image for the fovea



Characteristics of human eye  not a perfect system •



• • •



Aberrations o Chromatic aberration  peripheral part of lenses has different refractive index for different wavelengths of light  results in several points of focus (individual for each wavelength)  DISTORTION o Spherical aberration  monochromatic light in periphery is more refracted then light in the center of the light  several foci o Diffraction  depends on size of pupil  if narrower (less than 2.5)  MYOSIS  blurred image since more chromatic/spherical aberration from periphery of lens  if its wider  MITRIASIS  loss of chromatic/ spherical aberration o AGING  The young crystalline lens (LENS) compensates for spherical aberration of the cornea  In old individuals this system malfunctions  aberrations increase since compensating system fails Scattering of light Measurement of pupil Situation of pupil



Accommodation
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Adjustment of focus (like in a camera) Takes 0.3 - 0.5 sec Accommodation triad o Lens accommodate to close view (the curvature is increased) o Myosis o Convergence Lens is connected to ciliary body via fibers o If we look into far distance  ciliary body ring relaxes  increases distance between it and the lens  fibers stretch and pull on the lens  lens becomes flat o If we look into close distance  muscular ring contracts  fibers relax  lens pulls together and becomes thicker o THIS requires the flexibility of the lens  with age the lens becomes more and more rigid  loss of accommodation



Aqueous humor • • • • • • • •



Fills up anterior and posterior chambers of eye Provides good pressure for the eyeball  has flexible outer layer needs proper pressure inside  if not  distortion and we get a blurry picture (due to change in refractive index) Produced in ciliary body  flows past cornea downwards function  nourishing of the lens and cornea and remove metabolites production  corpus ciliare reabsorption  schlemm channel normal pressure  12-21 Hgmm  in case of glaucoma  increase of intraocular pressure  blindness composition o hyperosmotic (0.96% NaCl) o protein 1/200 of plasma, otherwise similar constitution to plasma o pH 7.1-7.3



Tear •



• • •



•



function o maintains optimal quality of cornea o cleanse and lubricates cornea and conjunctiva o nourishment –oxygen, other nutrients o removes wastes/ debris o provide antimicrobial activity (lizozyme) lubrication occurs during eye blink (every 10s we blink) amount  7-9µl max. 30µl  if cornea dries out its loses transparence composition o watery component  produced in glandula lacrimalis o oily component  meibomian glands o  next to cornea is the water component and the oily component forms the outer layer preventing the evaporation of the tear Production o 1ml/day o Night tear is different o In hypertyreosis  tear secretion during night o Composition  similar to plasma BUT due to evaporation it gets concentrated o No glucose o High amount of potassium (17mmol/L) o Lyzozyme
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Contains less blood vessels Receives most important part of visual scene  sharpest vision occurs here



Optic disc • •



Blood vessels enter and leave retina here Optic nerve emerges from here



Arterial examination •



Can be efficiently done in the eyeball because this is the ONLY place where arterioles can be seen  systemic problems are first diagnosed in the smallest vessels



IRIS Function •



• •



Protects the retina from too strong light o Diameter varies from .5-8 mm o Amount of incoming light can be reduced by the factor of 1/256 Depth of focus is increased during accommodation (area of sharp vision is increased) Regulating range of incoming light (the range is 8 orders of magnitude  the iris can alter this by 2 orders of magnitude  sunshine cannot be converted to nigh intensity)



Visual acuity  deals with picture creation based on optic information Visual acuity I •



Minimum visible  amount of light necessary to create a visible sensation  2 photons which travel to different cone receptors o Photopic  good daylight or artificial light o Mesopic  less light e.g. in early morning, early evening o Scotopic  during darkness



Visual acuity II •



Minimum discriminabile (gradient of contrast)  resolution



•



Contrast=



•



How to examine contrast sensitivity  letter charts in which the contrast of the letter contrast is reduced every line



௨ௗ ௨௧ି௧௧ . ௨ௗ .



=< 1.0



Visual acuity III • •



Visual angle  all objects in the visual filed subtend an angle ate the nodal point of the eye called visual angle Normally 1 minute of arc  normal eye can see certain size letters from certain distances (usually the letters “E” or “C” are used used)



Visual acuity depends also on receptor quality located on the fovea Refractive errors •



Presbyopia (loss of accommodation)  near point (closest point on which one can focus by accommodation of the lens) moves farther from the eye
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Hyperopia  focal point behind fovea  Farsightedness Astigmatism (curvature of the lens is not uniform)  light rays from certain positions are diffracted not to the same spot  blurry picture Myopia  focal point before fovea  Nearsightedness Both can be axial or refractive errors



Correction devices • • • • •



Correction of myopia  Concave lens  puts point of focus more backwards Correction of hyperopia  convex lens  puts point of focus more anterior Correction of presbyopia  convex lens Correction of astigmatism  cylindric lens Contact lenses o Hard contact lens  diameter lower than normal cornea diamter o Soft contact lens  diameter higher than normal cornea diameter



Pupillary reactions •



•



•



Direct o o



Light response (e,g, myosis due to incoming light by flashlight) Near response (accommodation related)  Can be evoked by looking into far distance and then suddenly looking at a near object  during looking at near distance the eyes will converge  optical axises cross each other  Consists of three parts: accommodation, constriction of the pupil, convergence of visual axes Consensual o Light response (if other eye is illuminated and reacts with myosis, the other NON-stimulated eye reacts also by myosis  consensual) o Near response Effect of damages to afferent or efferent pathway o Afferent  damage of optic nerve  no change during stimulation via light  no direct or consensual reaction; if OTHER eye is stimulated  positive direct light reaction but no consensual myosis on damaged eye o Efferent  damage of occulomotor nerve  illumination of ipsilateral side  direct myosis will not occur since the muscle is damaged BUT of course the contralateral consensual myosis is working since the damaged eye still transmits the optic sensation BUT cannot react to it



Myosis (Constriction)  parasympathetic innervations (cervical segments, ciliary ganglion) •



Caused by ESERIN which is an AcHesterase blocker



Mydriasis (dilatation)  sympathetic innervations (thoracic segments, superior cervical ganglion) •



Caused by atropine, epinephrine



Pupillary reflex arc (0.2 seconds) •



Edinger-westphal nucleus (visceromotor nucleus of oculomotor nerve)  controls sphincter papillae muscle



Visual field Problems with the visual field •



Scotoma  part of the visual field is missing
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Hemianopia  half of the visual field is missing



Physiological blind spots • •



Fovea  during night vision  in dimmed light conditions we only see with the rods but the fovea only contains cones  colour perception is disturbed Optic nerve  during daylight vision  photopic vision



Visual field • •



If the head is fixed  object on left side (left visual hemifield)  picture will be projected on nasal part of retina Opposite with main visual field  temporal part of retina



Retina  five important cell layers •



•



Cell types o Receptor (Rods and Cones) o Bipolar cell layer o Ganglion cells o Horizontal cell layer o Amacrine cells Layers o Pigment epithelium o Photoreceptors  rods and cones o Outer nuclear leayer o Outer plexiform layer  horizontal cells o Inner nuclear layer  bipolar cells, amacrine cells o Inner plexiform layer o Ganglion cell layer  ganglion cells  optic nerve



Two stages of visual perception • •



Light is converted into an electrical signal in the retina The retinal signal is sent through the optic nerve to the brain for further processing



Retina is a phototransducer •



Transducer light into an electrical signal which then will be converted into a neural signal



Types of photoreceptors •



Rods o



o o



Outer segment  contains photopigments (the more  the better absorption)  rods have more than cones and therefore are more sensitive to light  Rhodopsin disc (first type of photopigment) • Outer segment • Rhodopsin • Retinal attachment site  Retinal (derivative of vitamin A) • changes its conformation upon light impact • Amino Acid sequence determines coloral sensitivity (red, green, blue) Inner segment Synaptic terminal  release of neurotransmitter occurs here



179



PHYSIOLOGY © D.A.T.Werner •



•



•



• •



•



•



•



o Cones o o o o



Sensitivity peak at 511nm



Outer segment Inner segment Synaptic terminal Three different types of cones (depending on wavelength)  Long wv (L-cones)  Medium wv (M-cones)  Short wv (S-cones) o Sensitivity peak at 555nm Distribution within retina o No rods in the fovea o Almost all cones in fovea o From middle towards outward (from fovea towards nasal/ temporal direction)  rod concentration decreases Bipolar cells o The receptor cells synapse on bipolar cells which synapse on ganglion cells o A few cones synapse on a single bipolar cell  synapses on a single ganglion cell  this arrangement ensures high acuity and low sensitivity of cones (in the fovea where the acuity is the highest, the ratio of cones to bipolar cells is 1:1) o Many rods synapse on a single bipolar cell  many bipolar cells synapse on a single ganglion cell  there is less acuity in rods, than in cones. There is also greater sensitivity in rods because light striking any one of the rods will activate the bipolar cell Horizontal/Amacrine cells o Form local circuits with the bipolar cells Ganglion cells o Are the output cells of the retina o Their axons form the optic nerve Sensitivity of eye o Depends on quantity of photopigment o In dark  synthesis of pigment o In light condition  breakdown of photopigment   the timespans for creation/breakdown give the time needed for adaptation for new light environment (e.g. going from light into dark) o Adaptation time  Cones  8 minutes in healthy adults  Rods  20 minutes in healthy adults Function (types of vision) o Photopic vision (color vision)  Cones are working when the illumination is high enough o Scotopic vision (night vision)  Rods are working in dimmed light Cis/Trans retinal (chemical steps of photoreception) o Photosensitive element within rods and cones is rhodopsin, an opsin (protein)  G-protein coupled receptor and retinal (an aldehyde of vitamin A) o Steps  Light on retina stimulates conversion of cis  trans retinal (photoisomerization)  formation of metarhodopsin II • Vitamin A is necessary for the restoring of Retinal  Metarhodopsin II activates transducin (G-protein)  Transducin activates phosphodiesterase  cGMP levels are decreased  Decrease of cGMP concentration causes closure of Na+ channels  hyperpolarization of the receptor cell membrane
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• Increasing light intensity increases the degree of hyperpolarization  Hyperpolarization causes decreased release of excitatory OR inhibitory neurotransmitter • In case of excitatory transmitter  bipolar cells hyperpolarize • In case of inhibitory neurotransmitter  bipolar cells depolarize Distribution of ion channels in the photoreceptors



Retina is an edge detector •



• •



Figures are always surrounded by an illumination change  edge (difference between areas of illumination) are important  that’s why illumination edges stimulate or inhibit receptors but homogenous illumination (since its not important for distinction between figures) only stimulates the basal output but not inhibition or excitation of receptors Check out pictures of lecture slides for examples Receptor fields  enhance differences  make the dark darker and the white whiter in case of a black/white picture



Development of contrast and acuity • • •



Takes 7 months Newborn cant see much This maturation process is very important  if embryological development of visual system does not occur as normal  no chance on acquiring vision based on surgery/ other treatments in adulthood



Visual information processing Information convergence • •



All the optic information collected by a huge magnitude of receptors is condensed to a small number of ganglion cells Each ganglion cell has its own “receptive field”



Receptive fields • • • • • •



The receptor cells connected to the same ganglion cell form the center of its receptive field The receptor cells connected to a ganglion cell via a horizontal cell form the surround of its receptive field Small in the fovea Larger towards the periphery  highest resolution in fovea Round structure



Information processing starting from retina •



•



Each ganglion cell has a receptive field  upon manipulation of that field we can see increasing activity of the ganglionic cell (vertical lines represent action potentials)  ganglionic cells are the first ganglionic elements which produce action potential  travels to thalamus  cortex Darkness  inhibition of ganglionic cell  for the area of darkness no action potentials can be measured in the receptive field



Antagonistic center surround organization (possible receptive field patterns) • • • •



Central receptors inhibit the “neighbor receptor” (off center bipolar/ on center bipolar) At complete darkness  basic firing rate of ganglionic cell If partial receptive field is illuminated  peripheral receptor is illuminated  inhibition of ganglionic cell  decreased activity of ganglionic cell If central receptive field is illuminated  central receptor is illuminated  excitation of ganglionic cell
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If entire receptive field is entirely illuminated  both receptor types are stimulated  excitation via central receptor and inhibition via peripheral receptors  results in total of basic ganglionic activity (Same as during darkness)  reason for that system next point



Visual attention • •



Local versus global attention process A gap of 80ms is enough to lose any previous information on a picture  during a blink e.g. a vast of majority can be changed without noticing



Central visual pathways, the visual cortex and their functions Visual pathways • • • • • • •



Rods, cones Bipolar cells Ganglion cells Superior colliculus (CS) Corpus geniculatum laterale (CGL) Primary visual cortex (V1) Br17 Secondary visual areas (extrastriate visual cortex) o Br 18 (V2, V3) o Br 19 (V4, V5 (MT)) o Br 5a Medial superior temporal cortex (MST) Movement detection o Br 7a Parietal cortex  form and faces o Inferotemporal cortex o Ventral intraparietal cortex



Damages to optic pathways and effect • •



•



•



Cutting the optic nerve  blindness on ipsilateral eye Cutting the optic chiasm  Nasal fields of both eyes are blind  LATERAL objects are projected to NASAL part of retina  no lateral vision  tunnel vision  heteronymous bitemporal hemianopia o Can occur due to adenoma in pituitary Cutting the optic tract  Temporal field of one eye and Nasal field on the other eye both receiving information from the same side are blind  optic tract contains crossed nasal field from contralateral eye and temporal field from ipsilateral eye  homonymous contralateral hemianopia Cutting the geniculocalcarine tract  homonymous hemianopia with macular sparing



Superior colliculus (foveation) • • • • •



Moving objects always generate automatic eye movement  toward the optic cue (visual grasp reflex) Pathway […] Saccadic (fast) eye movement Orientation reflex head movement (tectospinal) Cerebellum (tectopontine)



Visual field representation • •



Right visual field (Nasal field of right eye/ Temporal field of left eye)  left hemisphere Left visual field (opposite fields)  right hemisphere
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•



• •



Six different layers  there is a stereotype localization of projections from the left and right hemifield Relays to primary visual cortex Information is coming from the contralateral hemifield AND ipsilateral hemifield Ventral 1,2 layer  magnocellular, M channel o Analyzes location of object in visual field o Deal with movement and stereopsis o WHERE IS THE OBJECT? Dorsal 3,4,5,6 layer  parvocellular, P channel o Responsible for detailed analysis of colour o Substract input from one kind of cone from input from another o WHAT IS THE OBJECT? Layers 1,4,6 receive contralateral nasal hemifield Layers 2,3,5 receive ipsilateral temporal hemifield



PRIMARY VISUAL CORTEX Primary visual field V1 (Br17) • • • • •



The cortical representation is not proportional to the size of the retina, the fovea has larger representation The lower half of the visual field is represented above the calcarine fissure The upper visual field is represented below the calcarine fissure Area striata  4. Layer composed from fibers The cortical representation does not stand in proportional relation to the size but to importance  more important visual areas have larger cortical representation



Structure of V1 •



Input o o o



P channel (4cbeta) layer M channel (4Calpha) layer I intralaminar (forms kinda like the cream of the nuclear cake in the geniculate body)  deal with short wavelength sensitivity inputs (2,3) layer […] stuff missing from lecture slide Ocular dominance •



•



Injection of dye in one eye  autoradiogram shows dye in the cortex after a while th o 4 layer of cortex shows 1mm thick marked spots (from the eye with injected dye) and non-marked spots from the other eye o In a slide these look like lines of a fingerprint  OCULAR DOMINANCE COUNT  both eyes are represented equally in the input region in healthy persons This somehow proves that visual input is necessary for the development of the primary visual cortex o If this procedure would have been performed with a 2 week old cat  no stripe pattern would be visible  no cortical representation at that time o With aging more and more distinct stripe patterns appear



Cortical cells •



Simple neurons in cortex are oriented to certain directions  if a light bar reaches this neuron it shows different activity based on the direction of the light bar  if you find the preferred direction it shows highest activity (tuned orientation)
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• •



There are billions of neurons with different preferred directions  neurons with same preferred directions are located in neural pools  ORIENTATION COLUMNS o Can be localized with radiolabelled 2-deoxyglucose  inject into cortex  show cat a picture with bars oriented in the same direction for some hours  dye will be metabolized by the cell pool with highest activity (tuned orientation)  cortex will show bar like structure  ORIENTATION COLUMNS o For the development of those bars  maturation process  visual input is necessary COMPLEX CELLS o Are orientation selective BUT are movement sensitive as well  also have preferred direction of movement HYPERCOMPLEX CELLS o Are additionally edge detectors  illumination has to be ended within the visual field



INFEROTEMPORAL CORTEX There are several neurons in the inferotemporal neurons which are selectively responding to human or monkey These “face” cells are not responding to other figures like hand, equally balanced black and white patches or distorted face pictures



XVII. Electroencephalography Recording •



• • • • •



•



Electrodes placed on distinct spots on skin of head  following international system o Left, right frontal o Left, right temporal o Left, right parietal o Left, right occipital 1-100µV Alternating current 50Hz due to the 220V need to be filtered out  otherwise the person seems to epileptic ☺ Other artefacts also need to be eliminated (e.g. due to movement) Recorded in wave form  we can record o Frequency o Amplitude o Shape Waves (Hz  failure question)
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HIGHLY DEPEND ON AGE Alpha  During periods of resting  8-13Hz o Beta  During periods of attention  13Hz  In case of activity over 20-30Hz  gamma activity o Theta  children  During sleep in adults (early stages)  4-8Hz o Delta  children  During sleep  1-4Hz What is the recording made up of? o Many synaptic events  IPSPs, EPSPs o Formation of cortical dipoles  source and sink o Summation of synaptic potentials  produce field potentials o Field potentials can be recorded o o



•



Epilepsy •



•



Petit mal (Small seizure) o Very big synchronous waves appear  synchronous firing of millions of neurons o Wave and spike pattern o Can result in status epilepticus Grand mal (Big seizure)



PHYSIOLOGY © D.A.T.Werner o Spike pattern with large amplitude o Results in clonic, tonic seizure o Results in status epilepticus • Psychomotor o No real seizure but the word might be cut off during taking and some small irregular motor activity appears  these events taking place without the patient realizing (amnesia belongs to the symptoms) o Very short on and offset • Mirror focus  electric focus on one side of the hemisphere can causes electric signals travelling via the corpus callosum  triggering a so called mirror focus  resulting in epileptic seizure  treatment: ligation of the corpus callosum  separating the two foci o The two hemispheres contain two different personalities though  cutting of corpus callosum therefore results in split brain  two personalities develop in the patient  Just before events of seizure appear, general amnesia takes place (the patient will not remember his seizure  if this happens for years  changes psychics of the patient)  Status epilepticus  one seizure follows another  with time continuous seizures for hours can occur  very exhausting  can be lethal  Causes for epilepsy are very variable (basically any kind of brain injury can sooner or later cause epilepsy)  everyone can basically get an attack any time Desynchronisation • •



If amplitude decreases and frequency increases  towards active stage



Synchronisation • •



If amplitude increases and frequency decreases  towards sleeping



Arousal/Alarming •



Characterized by beta activity



Relaxed state •



Characterized by alpha activity



[…] PART MISSING FROM FIRST SLEEPING/AWAKEFULNESS LECTURE Check EEG lecture from Lenard and GANON book Importance of EEG for determining death •



Isoelectrical line for 10minutes  cerebral death



Stages of sleep • • •



• •



Form a cyclical pattern Somnograph  shows stages and time relation (ganon page 200) Stage 1 corresponds to REM sleep (paradoxical sleep)  lasts for several minutes and then person returns back to deep sleep  with proceeding sleeping time the REM periods last longer until wake up occurs (USUALLY) at the end of the last paradoxical (REM) sleep phase  this is the phase during which we dream dreams THAT WE REMEMBER (during the other phases we dream something that we cant remember) Children have long deep sleep phases Young adults  sometimes can wake up during the night
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Old people  sleep not as deep as in younger people but they are more sleepy during daytime; reduced REM AND nonREM stages Drugs such as pentobarbital  increase length of latency period until the first REM period and decreased spontaneous awakenings o However  chronical use has exactly the opposite effects  can take hours to fall asleep and severall wake up phases during the night



Raphe nuclei • •



• •



Contain serotoninergic neurons Participates in o Blood vessel regulation o Pain sensation gating o sleep Stimulation of the raphe nuclei can cause deep sleep (slow wave sleep) Serotonin related sleeping can be influenced by various drugs



Locus Coeruleus • • •



Contains noradrenergic neurons Is innervated by the raphe system Is responsible for the motor responses during REM sleep  if the connection between raphe nuclei and locus coeruleus is cut the motor activity during sleeping disappears



Evoked potentials • • •



•



•



•



Occur in any sensory system upon a stimulus Key elements of the sensory pathways can be measured (latency time etc.)  diagnostic value Different sensory input produce different characteristic waves which can be identified and therefore it can be said exactly what modality, at what time in which cortex has been stimulated o Time until onset of stimulus o Form of the wave o  THIS is a non invasive technique Auditory event related potential o Can be used to detect functional deficiencies (e.g. due to small vestibular or cerebellar tumors) o A stimuli cascade is applied  electrode receives brain potentials  average wave is created and compared to normal patterns o This procedure gives you the average wave of theoritcal thousands of EEGs taken from that patient Wave components o Early components  Originate from primary cortices (receive primary sensory stimulus) o Late components  In the association cortices (parietal lobe, prefrontal lobe, temporal lobe etc.)  Those don’t receive direct sensory stimuli  integrate and “work” with the incoming sensory information  become active later Important o Evoked potentials  evoked by stimulation  conventional EEGs can be applied  sensory stimulus needs to applied in high amount  can be used for detection in any sensory field o Multiple sclerorsis  patient with loss of somatic sensation  variable symptoms  can be studied by evoked potential procedures o By means of evoked potentials you can study the primary key elements of the neural pathways leading up to the neural cortex (since they are TIMELOCKED) o Characteristically waves  early, late components (e.g. P300 wave which is involved in decision making)
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Early components are found above sensory cortices Late components are recorded above association cortices



XVIII. Hypothalamus (Diencephalon) (The lectures for this chapters were given by Prof. Karadyi aka speedy Gonzales  for that reason your truly yours was absent and therefore the three lines of essential information are missing. However I write up a summary of the chapter from ganon.  this is mainly related to the exam questions 115, 116. Enjoy)



Question 115 The diencephalon (Hypothalamus), its motor, autonomic and hormonal regulatory function Hypothalamus and nuclei • • •



Portion of the anterior end of the diencephalon that lies below the hypothalamic sulcus and in front of the interpeduncular nuclei Is divided into Lateral and Medial Hypothalamus (the lateral only has minor function The medial hypothalamus is split into four main groups o Preoptic region (ANTERIOR HYPOTHALAMUS)  Medial preoptic nucleus o Supraoptic region (ANTERIOR HYPOTHALAMUS)  Supraoptic nucleus  Suprachiasmatic nucleus  Anterior nucleus  Paraventricular nucleus o Tuberal region  Arcuate nucleus  Ventromedial nucleus  Dorsomedial nucleus o Mamillary region (POSTERIOR HYPOTHALAMUS)  Mamillary nuclei  Posterior nucleus



Neuron types •



•



Neurosecretory neurons o Secrete hormones o Found in paraventricular and supraoptic nuclei (parvocellular regions) Peptidergic neurons o Produce various releasing hormones o Release into hypophyseal sinusoid portal system o Axosomatic synapses o Axoaxonic synapses



Function of the Hypothalamic nuclei (from lecture slide) •



•



Paraventricular nucleus o Oxytocin release o Water conservation Medial preoptic area o Bladder contraction
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• •



•



• •



•



• • •



o Decreased heart rate o Decreased blood pressure Supraoptic nucleus o Vasopressin release Posterior preoptic and anterior hypothalamic areas o Body temperature regulation o panting o sweating o Thyrotropin inhibition Posterior hypothalamus o Increased blood pressure o Pupillary dilation o Shivering Dorsomedial nucleus o GI stimulation Perifornical nucleus o Hunger o Increased blood pressure o Rage Ventromedial nucleus o Satiety o Neuroendocrine control Mamillary body o Feeding reflexes Arcuate nucleus and periventricular zone o Neuroendocrine control Lateral hypothalamic area o Thirst and hunger
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Relation to pituitary gland • •



There are neural connections between the hypothalamus and the posterior lobe of the pituitary gland  Tuberohypophyseal tract (aka hypothalamohypophyseal tract) There are vascular connections between the hypothalamus and the anterior lobe of the pituitary gland  Supraopticohypophyseal tract o Portal hypophyseal vessels form a direct vascular link between the hypothalamus and the anterior pituitary o Circle of willis + branches of the carotid artery  form primary plexus o This system begins and ends in capillaries without going through the heart  true portal system o Medial eminence  defined as the portion of the venral hypothalamus from which the portal vessels arise  OUTSIDE THE BLOOD BRAIN BARRIER



Autonomic regulatory function • • •



Is only mentioned briefly in the book Stimulation of the hypothalamus produces autonomic responses which are part of a more complex phenomenon Separate hypothalamic areas control epinephrine and norepinephrine secretion



Summary table of principal hypothalamic regulatory functions Function



Afferent Forms



Integrating areas
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Temperature receptors in skin, deep tissues, spinal cord, hypothalamus and other parts of the brain



Anterior hypothalamus (response to heat  stimulates parasympathetic NS to dissipate heat)  response to heat Posterior hypothalamus (stimulates sympathetic NS to conserve heat)  response to cold



Neuroendocine control Catecholamines



Limbic areas concerned with emotion



Dorsal and posterior hypothalamus



Oxytocin



Touch receptors in breast, uterus, genitalia



Supraoptic and paraventricular nuclei



Thyroid-stimulating hormone



Temperature receptors in infants



Paraventricular nuclei



ACTH via CRH



Limbic system (emotional stimuli)



Paraventricular nuclei



Reticular formation (Systemic stimuli) Hypothalamic and anterior pituitary cells sensitive to circulating blood cortisol level Suprachiasmatic nuclei (circadian rhythm) Prolactin via dopamine and PRH



Touch receptors in breast



Arcuate nucleus



Other unknown receptors Growth hormone via somatostatin and GRH



Unknown receptors



Periventricular nucleus Arcuate nucleus



Appetitive behavior Thirst



Osmoreceptors (in OVLT)



Lateral superior hypothalamus



Angiotensin II uptake in subfornical organ Hunger



Glucostat cells  sense glucose utilization (the higher  the more hungry)



Ventromedial nucleus



Leptin receptors



Arcuate nucleus



Dorsomedial nucleus



Paraventricular nucleus Lateral hypothalamuis
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Cells sensitive to circulating androgens, estrogen and other



Anterior ventral hypothalamus Males: Piriform cortex



Defensive reactions (fear, rage)



Sense organs and neocortex



Diffuse, in limbic system and hypothalamus



Paths are unknown Control of body rhythm



Retinohypothalamic pathway



Suprachiasmatic nuclei



Question 116 Hunger and Thirst. Central regulatory processes of food and water intake Hunger •



Hypothalamic regulation of appetite for food depends primarily on two interacting areas o Lateral hypothalamic nucleus “feeding center”  stimulation causes eating, destruction anorexia o Ventromedial nucleus “satiety center”  stimulation causes cessation of eating, destruction obesity o The feeding center is chronically active and suppressed by the satiety center with increased intake of food in healthy animal



Principal polypeptides and proteins involved in regulation of appetite for food •



•



• • •



•



•



Neuropeptide Y o When injected into hypothalamus  increases food intake o Neurons have their cell bodies in arcuate nucleus and project to paraventricular nucleus Orexin A,B o Lateral hypothalamic nucleus o Increases food intake POMC derivatives o Decrease food intake ACTH o Inhibits food intake Leptin o Decreases food intake o Increases energy consumption o Decreases neuropeptide Y o Increases POMC secreting neurons o Also causes bone loss  marius: forget it Ghrelin o Increases food intake o Stimulates Gh release Note that there are way more peptides which I did not list here, also some are mentioned in extensive detail, concerning receptor function etc.



Glucose •



Activity of the satiety center in the ventromedial nucleus is probably governed in part by glucose utilization of the neurons in it
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When glucose utilization is low  ateriovenous blood glucose difference is low  activity of that nucleus is low  individual is hungry When utilization is high  activity of glucostats increases  individual feels sated Polyphagia (increased food intake) is high in diabetes mellitus  high blood glucose and low intracellular utilization in case you forgot



Thirst •



•



•



Drinking is regulated by plasma osmolarity and ECF volume o Water intake is increased by  effective osmotic pressure of the plasma  the higher the osmotic pressure (the more solutes in the solvent)  the more water needed  by decreases in ECF volume  by other factors Osmolarity o Is sensed by osmoreceptors in the anterior hypothalamus (recheck above which nuclei belong to it) o When the sensation of thirst is obtunded (due to damage or other factors)  dehydration which results in hypernatremia ECF volume o Decreases in ECF volume stimulate drinking by a pathway independent of plasma osmolarity o Hemorrhage causes increased drinking even if there is no change in plasma osmolarity  This is mediated in part via the renin-angiotensin system  Angiontensin II acts on the subfornical organ (a specialized receptor area in the diencephalon) to stimulate neural areas concerned with thirst o The main regulator of ECF volume is the hormone vasopressin aka ADH (we dealt with that in first semester  important to recheck!!)



The concept of Homeostasis (as the hypothalamic main function is to maintain it) From the lecture Homeostasis (“W.B. Cannon: constant status of human internal environment --> if disturbed --> can be fatal”) Motivation • •



Special internal force produced by the central nervous system that triggers actions  based on the momentary balance between the organismic needs and the environmental demands [triggering actions which find a way between what the organisms needs and what is possible based on whats going on around us  e.g. we are hungry but no food available we cannot satisify our hunger] Homeostatic



Homeostasis Water balance Salt balance pH Energy balance Body temperature



Extrahomeostatic



Integrity of CNS Environmental Effects Inter-individual interactions



Cause/Stimulus Hyperosmosis Hypovolemia Acidosis Lack of food Increase Decrease Exhaustion New stimulus New environment Threatening Stimuli Aggression Threatening Estrus Birth of offspring



Drive Thirst Salt appetite Dyspnoe Hunger Heat sensation Cold sensation Sleepiness Attention Curiosity Fear Rage Fear Sexual desire „instinct of



Consummation Drinking Salt intake Inspiration increae Food intake Perspiration/cooling Shivering/warming Sleep Startle/orientation Exploration Withdrawal Aggression/attacking Escape/Defense Copulation Maternal Care
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193 Performance •



Actual level of arousal determines the performance  there is an optimal level (as like as antibody antigen relation for optimal agglutination)



XIX. Chemical senses Olfaction Nasal trigeminal chemoreception •



•



Threshold of the trigeminal nerve branches is 100x higher than the other nerve endings  only very penetrant odours can sitmulate it  stimulation results in reflexes which eliminate these odorant from the upper respiratory tract (coughing, sneezing, etc) Its function  protection of the airways



Terminal nerve chemoreception Septal organ (Masera) Vomeronasal organ •



Pheromone sensation



Primary olfactory receptor mechanisms • •



Primary olfactory epithel of nasal cavity Olfactory receptors lie in the olfactory epithelium, located in the dorsal posterior recess of the nasal cavity (striped area)  olfactory bulb is a small, flattened ovoid body that rests on the cribriform plate of the ethmoid bone



Human being  microsmatic Olfactory epithelium • • • • • • • • •



Cilia Mucus film Microvilly Olfactory knob Supporting cells Receptor cells Basal cells  renewal in a 60 day cycle Fibers are 200nm thick  extremely susceptible to injury  in case of damage to cribriform plate  rupture



Information transduction • • • • •



Receptor surface is only located on the ciliae One cell is usually sensitive only to one epitope of the odorant molecule (odorant molecules contain several different epitopes) Olfactory binding proteins bind the odorant molecules and carry them to the surface receptors Receptors  7 transmembrane G- protein coupled receptors Signal transduction
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o



cGMP activation  special cation channels become activated  voltage sensitive calcium channels open  intracellular influx of calcium  further activation of receptor AND inhibition of cation channels  quick adaption of olfactory sensation IP3 mediated mechanisms act additionally



Electoolphactogram […] • •



Conduction velocity  low: 0.1-0.3 m/s Olfactory cells have concentration dependent activity



Olfactory bulb and information transmission • •



• • •



Olfactory bulb  bilateral structure  interconnected via anterior commissure  spatial detection of odor source possible Structure o Olfactory mucosa o Cribriform plate o Olfactory nerves o Glomeruli o External plexiform layer o Mitral body layer  major output neurons of olfactory bulb  Each glomerulus contains 25 mitral cells  Olfactory fibers synapse directly on mitral cells o Granule layer Enormous convergence takes place from the periphery towards the center of the nervous system concerning olfactory information 25.000 olfactory fibers from 25mio. cells  arrive at 1000 glomeruli  synapse on 25 mitral cells Inhibitory cells  important in quick adaptivity of olfactory sensation o Periglomerular cells o Granule cells



Central olfactory pathway • •



•



•



Olfactory receptor cell  olfactory bukb  from here 2 pahtways st 1 pathway [Medial olfactory tract] o Medial olfactory tract  phylogenetically older than lateral o Septum o Nucleus Accumbens o Lateral Hypothalamic area o Orbitofrontal cortex (lateral – posterior) nd 2 pathway [Lateral olfactory tract] o Prepyriform, pyriform cortex o Amygdale o Substantia innomina o Thalamus o Orbitofrontal cortex (central – posterior) Bilateral interconnections between the two



Central representation • •



Limbic system  capacity of olfactory sensation to elicit emotional changes Can be recorded
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Alzheimer causes involution of cortical regions related to olfactory sensation Temporal lobe tumors can cause olfactory hallucinations



Taste Five primary taste modalities • • • • •



Salt Sweet Bitter Sour Umami  delicious  monosodium glutamate (used frequently in asian kitchens)



Essential taste component Taste buds • • • •



Structure of a taste bud Sustentacular cells Primary gustatory receptor cells Basal cells



Pathways •



Afferent nerve fibers from CN 7,9,10 carry gustatory sensation to higher brain centers



[…]



THE END [  due to exam pressure and lack of informative lectures I ended the notes here incomplete]



Appendix Physiological Values listed by exam question topics – 1st semester ONLY



BLOOD AND HOMEOSTASIS
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Question 1 • •



•



Total H2O: Extracellular: o Interstitium o Bone, Fibrous CT., Plasma Intracellular



42L; 600 ml/kg; 60% of BW 270 ml/kg; 14L 120 ml/kg 45 ml/kg each 330 ml/kg; 28L



•



Formula for calculation



• • • • • • • • •



o This calculates Extracellular, Total or Plasma based on what dye you use (look up in script) Intracellular: Total Vol – Extracellular Vol = Intracellular Vol Interstitial: Extracellular Vol – Plasma Vol = Interstitial Vol Isohydria: 7.38-7.45 pH Isoosmosis: 300mosmol/L Isothermia: 37°C Isovloemia: 5-6L men, 4-5L women Specific Gravity 1.045-1.065 Blood Viscosity 4.5-5.5x H2O (which is 1) Sedimentation Rate 4-5mmHg



ࢂ࢛ࢋ ࢝∗ࢉࢋ࢚࢘ࢇ࢚ ࢝ ࢉࢋ࢚࢘ࢇ࢚ ࢛࢝ ሺࢋࢇ࢙࢛࢘ࢋࢊሻ



= Volume unknown



Question 2 • • •



Albumin Globulins Fibrinogen



35-48 g/L; 60% of plasma proteins 20-25 g/L; 30% of plasma proteins; 50% of albumin 2-4 g/L



Question 3 Ion



Plasma



Serum



Interstitium



Na+



142



153



145



12



K+



4.3



4.6



4.4



140



Free ca2+



2.6



2.8



2.5



(215.000/µL in average) 60-70% 30-40%



Question 7 • • • • •



• •



Concentration of Hb Turnover rate Percentage of RBCs Daily Iron loss Location of Iron in body o 65% in Hb o 40% in Myoglobin o 15-30% in Ferritin (Liver Storage) o 0.1% in Transferrin Total Iron in body Iron uptake



140-160 g/L men; 120-160 g/L women 0.3 g/day 33% 0.6 mg/day men; 1.3 mg/day women (menstruation)



4-5g 20mg per day -> only 3-6% are absorbed in intestine
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Extrinsic Pathway Intrinsic Pathway
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15secs 1-5mins



Question 9 • • •



Platelet Phase Vascular Phase Coagulation Phase



15secs 30mins 30secs



Question 10 •



Prothrombin Time



12secs



Question 12 •



• •



Blood Type Percentages of population o Type 0 o Type A o Type AB o Type B o Rh+ o RhMaximum Conc Antibodies reached Start production Antibodies



47% 40-41% 3% 9% 85% (white pple) 15% (white pple) btw 8-10 years of life 2-8 months after birth



HEART Question 15 • • •



SA Node Frequency AV Node Frequency Most negative Potential of SA node



60-100bpm 40-55bpm -65mV



Question 16 • • • • • • • • •



Isovolumetric Phase Ejection Phase Isovolumetric Relaxation Passive Filling Total Systole Total Diastole EDV SV ESV



50ms 210ms 60ms HR dependent -> 500ms @ HR of 70bpm 230ms for 0.8s per beat (given by department) 570ms for 0.8 s per beat (given by department) 145mL (given by department) -> otherwise 120mL 80mL (given by department) -> otherwise 70mL 65mL (given by department ) -> otherwise 65mL
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Question 17 • •



•



• • •



•



•



•



Time of events Electrocardiogram starting with 0ms SA Node (P WAVE) o Arrival of impulse in atria  Right atrium 50ms  Left atrium 85ms AV Node (P-Q Segment -> delayed) o Arrival of impulse 50ms o Relaying impulse 120ms (AV delay!) Activation of His Bundle 130ms o End of bundle branches 145ms Activation of Purkinje fibers 150ms Activation of Inner Myocardium (QRS complex) o Right ventricle 175ms o Left ventricle 190ms Activation of Outer Myocardium (QRS complex) o Right ventricle 205ms o Left ventricle 225ms Conduction velocities in (m/s) o SA Node otherwise 70mL
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Heart rate



•



Ficks Principle



60-80bpm ை௫௬ ௦௨ௗ ௧ ଶି௫ௗ ௩௨௦ ଶ



= cardiac output



Question XX



Question 23 • • •



Systolic Pressure Diastolic Pressure Pulse pressure



120Hgmm 70Hgmm systole-diastole -> 50Hgmm



•



Mean arterial pressure



ࢊࢇ࢙࢚ࢋ + ࢛࢙ࢋ ࢘ࢋ࢙࢙࢛࢘ࢋ  90Hgmm



•



Blood Pressure Values o Baby o Child o Adolescent o Adult o Hypertonia o Hypotonia Mean velocity of blood flow in aorta Velocity of blood flow during systole Pressure change due to gravity Pulse values o Baby o Child o Adolescent o Adult o Tachycardia o Bradycardia



• • • •



 



80/50 90/60 105/70 120/80 140/80 or higher 60/40 or lower 40cm/s 120cm/s 0.77Hgmm/cm 110 100 85 70 >100 
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