BIO3303 Animal physiology. Midterm 1 notes 
Lecture 1- introduction 
· Physiology is the study of the function of organisms as integrated systems of molecules cells, tissues and organs in normal an diseased states.- how organisms work. 
· Different animals come to different ways of adjusting to the environment to live in the same environment. 
· Subdisciplines of physiology: 
· Levels of biological organization 
· Cell and molecular physiology 
· Systems physiology 
· Organismal physiology 
· Ecological physiology 
· Integrative physiology 
· Processes that generate variation 
· Developmental physiology 
· Environmental physiology 
· Evolutionary physiology 
· Ultimate goals of the research 
· Applied physiology: we have a problem and we try to understand it by doing physiological experiments 
· Comparative physiology: group of animals and understand how their systems work. 
· Unifying themes in physiology 
· Physiology is integrative: use different sciences to respond questions. Atoms>molecules>cells>tisuses>orgns>systems>organisms>populations>communities>ecosystems>biosphere
· Physiology processes obey the laws if chemistry and physics: we cant break rules. Weak bonds are sensitive to temperature. Geckos use van der waals interactions to climb walls. 
· Mechanical concepts apply to physiological systems. Flow pressure resistance strain fluid dynamics 
· Animals use electricity to drive processes. Cells establish charge differences across biological membranes by moving ions and molecules to create ionic and electrical gradients. 
· Physiological processes are shaped by evolution: everyone is living in an environment with challenges and you are responsible to survive. 
· Phenotype: physical characteristic of an organism 
· Genotype: the specific genetic makeup of an organ
· Genotype + environment =phenotype
· Single genotype can result in more than one phenotype. 
· Phenotypic plasticity: production of different phenotypes by a single genotype as a result of environmental changes.  physiological changes can be reversible or irreversible. Reversible physiological changes:
· Acclimatization process of physiological change in response to naturally changing environmental conditions 
· Acclimation process of physiological change in response to a controlled or manipulated environmental variable (under laboratory conditions) 
· Physiological systems show tremendous variability. Variable arises though adaptive and random evolutionary processes 
· Adaptation: change in the genetic structure of a population as a result of natural selection. Do not use adaptation in the context of phenotypic plasticity: beneficial change that occurs over the course of a lifetime (exercise)
· Plasticity: all about the differences you get based on the environment you are in. it can be reversible or irreversible phenotypes. More fur in different stations. Environment induces plasticity 
· Land raised fish walked more “effectively”
· Land raised fish had changes in anatomy 
· We can see differences reflected in bones of the fossil record 
· Irreversible physiological changes: 
· Polyphenism (developmental plasticity) development under different conditions results in different adult phenotype. 
· Reaction norm: the range of phenotypes that can be produced by a given genotype when it is exposed to different environments. How the animal will react. 
· Ex fish in water and in land
· Requirements for adaptive evolutionary change (this points go back to darwin): 
· Must be variation among individuals in the trait 
· Trait must be heritable 
· Trait must increase fitness 
· Relative fitness of different genotype depends on environmental conditions 
· Eg: insecticide resistance individuals with mutations conferring resistance to neurotoxic insecticides and reproduce. 
· Some variations are not adaptive 
· Genetic frequencies can change due to random events (genetic drift eg population bottle neck, a fire, surviving by luck)
· Evolutionary relationships predict morphological, physiological and behavioural similarities 
· Closely related species have more similarities in physiological systems than distantly related ones 
· Physiological systems are usually regulated: no matter where you are standing the temperature will be the same. 
· Two strategies for dealing with environmental changes: 
· Conformers: allow internal conditions to change with variation in external conditions 
· Regulators maintain constant internal conditions regardless of the external conditions  homeostasis 
· Negative feedback loops: maintain parameters within optimal physiological range (homeostasis) 
· Positive feedback loops: maximize changes in regulated physiological parameters (explosive response) 
· Homeostasis: maintenance of constant internal state (eg body temperature in mammals =37°)
· Enantiostasis:  maintenance of function when physiological variables are changing. Eg maintaining membrane fluidity at different temperature (functions are retained)
Cell signaling 













· Neurons: electrical signal releases neuro transmitters into synapse to communicate directly with target. Post synaptic cell.
· Endocrine: release hormone into circulation 
· Hybrid system: uses endocrine and neuron system to communicate
· Neuron structure: 
· Dendrites: typically receive incoming signal. Result in change in membrane potential.
· Axon hillock: initiate action potentials 
· Travels along axon to axon terminal and triggers NT release. Axon myelinated or unmyelinated.
· Ion concentration gradients and permeability establish membrane potentials. Resting membrane potential is ~-70mv. Concentrating gradients are maintained by Na+/K+ pumps to compensate for leaks. 
· Ion channel types. Open under different conditions. 
· Ligated channels open when ligands (nt) bind 
· Voltage gated (vg) channels open when there is a specific change in membrane potential (open at specific stge of an ap) 
· Membrane potential changes 
· Movement of ions causes changes in membrane potential 
· Na+ enters: membrane potential becomes more + 
· K leaves membrane potential becomes more – 
· -70mv resting potential sodium rushes in depolarization shoots and reaches 55 (you get all + ions going in) channels open and you get hyperpolarization all ions go out and it takes it to -90 
· Signal transmission: signal that travels down the axon to the terminals to communicate with other neurons, muscles or other target cells. The transmitting neuron is presynaptic and the receiving neuron is postsynaptic.
· Graded potential: activated by ligand gated Na+ channel, because changes in membrane potential. synaptic potential. Spatially restricted response. Conduction with decrement. 1 NT binds to a ligand gated Na+ channel na+ enters cell through the open channel current spreads through the cell the strength of the signal decreases with distance. 
· Electrical signals: graded changes in membrane potential occur in dendrites and cell body. Are spatially and temporally summated (if you stimulate multiple channels a lot of ions go in and you will get that concentration faster. If combinate depolarization exceeds threshold, an action potential is generated. Spatial summation can also prevent generation of Aps (excitatory + inhibitory potential). When net charge in membrane potential at the axon hillock reaches or exceeds threshold suprathreshold graded potential. An action potential is triggered and travels down the axon (non-graded all or non signal transmission). When it reaches -55 it goes, because its all or nothing.  


· Action potentials (spikes) stages: membrane potential depolarized past threshold (-55) rapid depolarization until 30mv membrane potential repolarizes membrane potential undershoots resting potential resting potential is restored. Opening and closing of voltage gated ion channels cause the phases of the AP. Rapid depolarization and undershoots caused by opening of VG K+ channels (efflux), also closing of VG Na+ channels. Absolute and relative refractory period: limit of # of Aps along axon, prevents backward transmission of AP. 
· Depolarization and Na+ channels. VG channels shape AP. Two voltage regulated gates: 1 activation gate (opens at threshold. 2 inactivation gate (closes at +30). Also VG K+ channels triggered at threshold (-55) but open more slowly than Na+ channels. 
· Conduction of AP. Na+ comes in induces local depolarization open Na+ channels close by  Na+ comes in  AP travel down the axon only in one direction (absolute refractory period) 
· Signal transmission. Myelin sheath: schwann cells wrapped around axons. Acts as insulation preserving electrical potential. Increases speed and efficiency of electrical transmission. Nodes of ranvier = lots of voltage gated Na+ channels. Saltatory conduction: Aps jump fom node to node along the axon. 
	Graded potentials
	Action potentials 

	Vary in magnitude 
	Always the same magnitude (in a given cell type)

	Vary in duration 
	Always the same duration (in a given cell type)

	Decay with distance
	Can be transmitted across long distances 

	Occur in dendrites and cell body
	Occur in axons 

	Caused by opening and closing of many kinds of ion channels 
	Caused by opening and closing of voltage gated ion channels  


· Synaptic transmission 
· Cell to cell communication: electrical or
· chemical (ionotropic and metabotropic): NT bind to post synaptic receptor. Ionotropic receptors are ligand gated channels. Rapid changes in postsynaptic membrane potential. Metabotropic receptors signaling cascade opens ion channels, activated intracellular transduction pathway. Slower changes in postsynaptic membrane potential. Can allow modify proteins and gene expression. 
· Electrical synapses: gap junctions composed of connexin proteins connect presynaptic and postsynaptic cell membranes. Pre-allows fast chemical and ion transmission. 
· Absolute refractory period is correlated to the inactivation gate. It closes, and no more sodium can go in. (deep in graph). Once it closes you cant create another action potential. Relative refractory period activation channels turn on, it is ready to go in again. BUT it has to be a much higher potential because it is at -90 need more stimulus. 
· Simple neural networks. Sensory information detected by receptor signal transmitted from sensory neuron efferent neuron effector organ (response). 
· Ancestral form: receptor cell directly innervates an effector cell (no cns)
· Monosynaptic: sensory neuron synapses with efferent neuron (knee kerk) 
· Polysynaptic: at least one interneuron between sensory and efferent neuron 
· Convergence: many afferent neurons synapse with one efferent neuron. 
· Divergence: one afferent neuron synapses with many efferent neurons. Allows a single signal to control many independent processes, and it is a way to amplify the signal. 
· Reflex arc: simple neural circuit that do not involve the conscious centers of the brain (involuntary). Cockroach jump. 
· Aplysia gill withdrawal reflex: decline in tendency to respond to a stimulus due to repeated exposure. Partial inactivation of VG Ca2+. Sensory neuron interneurongill. OR sensory neurongill. Sensitization of gill withdrawal reflex: an increase in the response to a gentle stimulus after exposure to a strong stimulus. Shock to tail. Sensitization uses a facilitating interneuron that goes to the motor neuron and to the interneuron. 
· Plasticity of NS: facilitating neurons release serotonin on sensory neuron axon terminals. Serotonin activates metabotropic receptor. Long term sensitization: PKA enters nucleus, activates gene transcription to increase responsiveness and formation of new synapses. 
· Second messenger cascade: phosphorylation of VG K+ channels (inactivated): AP last longer. Activation of Ca2+ channels (more depolarization). Leads to more nt released. 

Lecture 2 nervous system diversity and organization of the vertebrate NS
· NS diversity: elaboration of neural networks: trend toward cephalization. Start each arm is an information center, the arm ganglia can take over the entire body. All arms will follow in 1 direction. 
· Levels of organization. 
1. Primitive nerve nets. Radially symmetric animals (cnidarian: jellyfish, hydra anemones). Neurons not specialized (can function as sensory, interneurons, or efferent). Little preference for conductance direction (impulse radiates in every direction). Propulsive movements. No obvious integrating center (still have complex behavior). 
2. Ganglia: clusters of neuronal cell bodies, small independent integrating centers. First seen in more complex cnidarians. 
3. Connectives and commissures: in segmented, bilaterally symmetrical animals. Connections between ganglia for more rapid transmission. Connected ganglia ultimately from longitudinal nerve cords. 
4. Cephalization: fusion of anterior ganglia in more complex animals. Sensory receptors abundant in head. Brain plays larger role in integration. 
· NS diversity 
· Echinoderms (sea star and relatives): radially symmetrical. Descended from bilaterally symmetrical ancestor that likely had some cephalization. Bilaterally symmetrical larvae. Exception of increasing cephalization trend. 
· Cephalopods (octopus): large brain. Can distinguish objects, can learn, can change skin pattern, color and texture.
· Vertebrate nervous system. 
· CNS: brain and spinal cord. Encased in cartilage or bone hollow nerve cord. Hollow inside brain (ventricles) bottom 1/3 of spine: no spinal cord. White matter: myelinated axons. Gray matter: cell bodies and dendrites. 
· Dorsal (afferent, cell bodies outside), ventral horns (efferent cell bodies inside) and roots. 
· PNS: everything else, nerves, sensors, and effectors. 
· Structure of a vertebrate nerve. Groups of axons form many neurons. Enclosed in successive layers of connective tissue. Most nerves contain axons of both afferent and efferent neurons (mixed nerves). Some are purely afferent or efferent. 
· Ascending tracts (sensory) and descending tracts (motor)
· CNS separates from rest of body. 3 protective layers (meninges). Brain and spinal cord float in CFS, act as a shock absorber. Blood brain barrier (tight- junctions between endothelial cells lining brain capillaries): prevent molecules from leaking into CNS. BBB more permeable in some areas (hormones secretion). Regions around pineal and pituitary glands. Parts of hypothalamus. 
· Supporting glial cells: more glial cells than neurons (90% human brain cells). Not only structural components. Diversity of roles: 
· schwann cells, conduction of nervous impulses, regeneration and regrowth of neurons (in PNS).
·  Oligodendrocytes (conduction of nervous impulses (myelin sheath) in CNS. 
· Astrocytes: transport of nutrients, debris 
· Microglia: maintenance, remove debris and dead cells. 


	
· Ependymal cells: line fluid-filled cavities, often have ilia to circulate CSF 
Embryonic development 
1. Hindbrain: medulla, pons, cerebellum. Basic function. Control respiration. Cardiovascular function. Gastric excretion. Cerebellum control of skeletal muscle functions. Not directly to motor neurons but coordination and learning. Posture balance and spatial orientation. 
2. Midbrain mesencephalon. Coordination of visual, auditory and sensory info (in mammals, main function is to connect forebrain with hindbrain) 
3. Forebrain diencephalon. Thalamus integrate and relay sensory info to cortex (acts as a filter eg hearing your name at a party).hypothalamus and pituitary homeostatic regulation, autonomic regulation hormone cascades, emotion control. Telencephalon (cerebral cortex). Complex integration of info. 

· Cortical folding: increases surface area, functional complexity of forebrain (correlates with intelligence). Sulcus (groove) and gyrus (fold)
· Evolution of the CNS. Conservation of structure and function. Midbrain greatly reduced in mammals, big forebrain. Bony fish and birds: large midbrain and cerebellum (interpretation of sensory signal and coordination of movements) 
· Cerebellum (cerebral cortex): processing of information. Left (speech), right (perception and spatial relationships)
Lecture 3 sensory afferent motor efferent SAME
· Human cortex. Each hemisphere divided into 4 lobes: 
· Frontal reasoning planning speech. 
· Parietal recognition orientation sensory 
· Temporal auditory processing memory speech 
· Occipital visual processing 
· Cortical areas: specific areas correspond to particular functions. 
· Specific sensory representations: areas of somatosensory cortex that are devotes to various body parts are disproportionate. Sensory homunculus: called to represent size of cortical area devotes to sensory reception. Size of cortical region reflects the # of sensory neurons present in a particular body part. Motor dexterity. Sensory discrimination. 
· Somatic system: controls body movement. 
· Autonomic system: regulates internal functions
· PNS: 13 pairs cranial nerves. 31 spinal nerves.
· Efferent: autonomic (sympathetic, parasympathetic and enteric) and motor (somatic). And afferent. 
· The somatic motor branch PNS: usually under conscious control. Innervate skeletal muscles. Longest neuron in body. NT at neuromuscular junction (NMJ)is acetylcholine or glutamate in inverts. Effects always excitatory. 
· Action potential results in Ach release. VG Ca2+ channels open and increase leading to vesicle docking  binds nicotinic Ach (nAchR) receptor on skeletal muscle. nAChRs are ligand gated ions channels. Ions depolarize muscle.  induces muscle contraction.  AchE breaks down Ach into choline and acetate terminating the signal.  presynaptic cell takes up and recycles choline and acetate diffuses out of synapse. 
· ANS not usually under conscious control (involuntary). Effectors (cardiac muscles, smooth muscles, glands, organs) consists of two opposing systems (tight regulation of physiological systems). 
· Enteric: entirely concerned with digestion (inmervates GTI pancreas and gallbladder). Operates independently of the other 2 branches (sympathetic and parasympathetic systems can regulate its activity)
· SNS and PSNS 
· maintain homeostasis: dual innervation, antagonistic action, basal tone. 
· They differ in; 
· Function
· Antagonistic effects (stimulatory vs inhibitory): homeostatic regulation of most physiological processes. 
· SNS: dominates during stress physical activity. Fight or flight response
· PSNS: dominates at rest, maintenance functions, digestion 
· Basal tone: organs receive inputs from both branches under resting condition
· organization/structure. 3 main location of cell bodies, location of ganglia (neuron length), number of synapses. 
· afferent: visceral sensory receptors
· efferent: 2 neurons in series. Preganglionic (terminals in peripheral autonomic ganglion) and postganglionic (terminals on effector organ) neurons. Synapse at peripheral autonomic ganglion 
· sympathetic: short preganglionic neuron, long post ganglionic, many synapses (>10) per preganglionic neuron. Ach, norepi/ nor adrenaline. 
· Parasympathetic: long pre short post, few synapses (<3) per ganglionic neuron. Achx2 
· Anatomical organization sympathetic: thoracic and lumbar regions. Sympathetic chain ganglia next to spinal cord. 
· Anatomical organization parasympathetic: cranial and sacral regions, ganglia close to effector organ (terminal ganglia)
·  NT/ receptors. 
· Criteria to classify NT: synthesized in neurons, released at presynaptic membrane following depolarization. Bind to postsynaptic receptor and cause detectable effect. Effect depends on the type of receptor. 
· 5 classes: Amino acids, biogenic amines, neuropeptides, ach, other 
· Muscarinic cascade. Metabotropic. Post ganglionic parasympathetic synapses. Metabotropic slow. Diverse effects (excitatory or inhibitory). Ligand ach binds receptor and conformational change activates G protein. (heterotrimer activated by GTP to alpha subunit and by complex interact to activate ion channels.) leads to opening of ion channels and other intracellular events. Agonist (muscarine, bronchoconstriction, bradycardia). Antagonist (atropine, increase heart rate). 
· Nicotinic ionotropic. Excitatory. Ganglionic synapses. Ligand-gated ionotropic rapid. Effects are always excitatory (ach bind ligand binding sites conformational change. Allows na+ flow through. Depolarize membrane (effector cell). Agonist (nicotine, stimulant and relaxant). Antagonist (curare, paralysis) 
· 5 subunits surround pore. Different combinations, different properties (brain a4 and b2, ANS a3 a5 b2 b4
· Adrenergic receptors. Sympathetic synapses at effector tissue. Respond to nor epi (NE) or epi released from sympathetic postganglionic neuron. Different receptor types and subtypes. same NE different effects depending on receptor: 
· a1: agonist sensitive to NE>E. involved in contraction of smooth muscles (not intestinal). Eg vasoconstriction. 
· A2: agonist NE>E. located on membrane of adrenergic axon terminals inhibit release of NE. 
· B1 NE=E increases heart rate and strength of contraction 
· B2 E>NE prevalent in bronchioles of lungs (bronchodilation) agonist salbutamol
· Nor epi and epi, alpha and betha adrenergic receptor. Excitatory and inhibitory. 
· Ach is synthesized in the mitochondria, packed in synaptic vesicles.
· Preganglionic synapse: Ach binds nicotinic receptor 
· Postganglionic synapse: parasympathetic (ach binds muscarinic receptor); sympathetic (NE binds to adrenergic receptor) 
· Agonist: substance binds to receptor and initiates signaling event. 
· Antagonist: substance that binds to a receptor but doesn’t stimulate a signaling event. Interfere with the binding of the natural ligand. 
· NE biosynthesis: synthesized in axon terminals of postganglionic neurons. Level regulated (monoamine oxidase, catalyses breakdown) cocaine inhibits re uptake of NE and dopamine. 
· Regulation of ANS by brain. Hypothalamus initiates fight or flight response, regulatory centers for body °t, food intake and water balance. Medulla oblongata contains centers involved in the regulation of breathing heart rate, and BP, impacts ANS. 
· Sympathetic stress response: detect stressormobilize energy in glucose form increase HR BR and redistribution of blood flow. Promote alert and responsive state. 
· Regulations of blood pressure: regulated by opposing action of sympathetic and parasympathetic branches. Cardiovascular control centers influence activity of ANS. Cause adjustments in HR stroke vol and vasoconstriction. BP returns to normal. 
· Smooth muscles: tunica media (muscle on blood vessel). Contraction (vasocontraction) relaxation (vasodilation). 
· The baroreceptor reflex: MAP mean arterial pressure. – feedback loops regulated BP near set point. Sympathetic system influences a variety of cardiovascular tissues. Acts on arteries, ventricles, SA node. 
· Evolution of ANS: reliance on circulating catecholamines (NE, E) 
· Exception in SNS- adrenal medulla. 
· Preganglionic neuron synapses onto chromaffin cells (modified postganglionic neurons) of the adrenal medulla (sits on top of the kidney)
· Chromaffin cells (neurosecretory cells): secrete E and NE into circulation widespread effects. 
· Neuro hormone; NT going in the blood. 

Lecture 4 intro endo notes 
· Endocrine system: release chemical messengers (hormones) into circulatory system. Communication via chemical signal 
· Nervous system: release chemicals (NT) into synapses. Communication via chemical and electrical signals. 
· Similarities: chemical messengers, receptors, physiological responses. 
· Differences: transmission speed infrastructure duration of response. 
· NS and endocrine system interact extensively. Sensory inputNSendocrine system somatic tissues
· Hormone: wide effects, growth
· Paracrine local effect, spermatogenesis
· Cell signaling in endocrine system, indirect signaling involves 3 steps.
1. Chemical messenger release 
2. Transport of messenger through extracellular environment to target cell
3. Messenger binds to receptor on target cell and initiates response 
· Conservation of endocrine glands: produce similar hormones but induce different responses in different species and target tissue (eg thyroid hormone into tadpole= metamorphosis)
· Hormone classification
· Based on chemical structure 
1. Peptides and proteins
· Peptides: variable # of aa. 50 aa or less. Proteins: 50-200 aa  
· Hydrophilic cannot diffuse through membranes
· TRH thyrotropin releasing hormone, stimulates release of TSH and prolactin from anterior pituitary. TSH thyroid stimulating, stimulates thyroid gland to produce thyroxine (T4) and triiodothyronine (T3) which stimulates metabolism of almost every tissue in the body. GH controls growth. ACTH adrenotropic, releases corticosteroids from anterior pituitary. 
· Synthesized using protein machinery in secreting tissues. Preprohormones synthesized in rough endoplasmic reticulum (rER). Signal peptide cleaved off and prohormone packaged into secretory vesicles in golgi apparatus. In secretory vesicle prohormone is cleaved into active hormone and one or more other peptide fragments. 
· On rER polypeptide is synthesized (prohormone). Signal sequence: targets peptide for secretion. Signal peptide cleaved (prohorone). Prohormone packaged into vesicles in GA. Provasopressin cleavage3 peptides AVP NPH GP. Can be regulated at multiple points in the pathway. 
2. Biogenic amines (bioamines)
· Amines are chemicals that possess an nh2 attached to a C. many amines are synthesized from aa (tryptophan: melatonin) 
· Synthesis: by enzymatic modification of precursor molecules. Catecholamines synthesized by blanched pathway.  
3. Steroids 
· Cholesterol derivative. Produced in the gonads (testosterone and estrogen) or in adrenal cortex (cortisol and aldosterone) 
· 3 major classes 
1. Glucocorticoids (cortisol) 
2. Mineralcorticoids (aldosterone)
3. Reproductive hormones (sex steroids, testosterone and estrogen)
· Principal steroids in inverts: acdysteroids: regulation of molting in arthropods.
· Synthesised on demand (not stored) by enzymatic modification of cholesterol in smooth ER and mitochondria. 
· ACTH adrenocorticotropic hormone promotes production and release of corticosteroids 
· StAR- transport protein regulates cholesterol transfer in mitochondria 
· P450scc- catalyzes conversion of cholesterol to pregnenolone… first rxn in the process of steroidogenesis in all mammalian tissues that specialize in steroid hormone production 
4. Eicosanoids 
· Short lived locally acting chemical messenger (paracrine factor). Synthesised by enzymatic modification of arachidonic acid (fatty acid). Arachidonic is cleaved from membrane phospholipids by phospholipase A2. Eg prostanglandins; produces in many tissues, target cell in immediate vicinity. Multiple functions: smooth muscles inflammation cell growth fever pain etc. made and degraded quickly 
· Pain killers block prostaglandin synthesis 
· Based on primary mode of action: 
· Bind receptor on plasma membrane 
· Bind intracellular receptor 
· Receptors: have binding site, effector site and transduction mechanism. On the cell membrane cytosol or nucleus, receptor binding is highly specific. 
· Hydrophobic chemical messengers bind to intracellular receptors in the cytosol or nucleus. Induce conformational change, receptor binds to DNA. Induce changes in gene expression. 
· Lipid soluble hormones. Hydrophobic chemical messengers binds to intracellular receptors in the cytosol or nucleus. Induce conformational change, receptor binds to DNA. Induces changes in gene expression
· Transported to target tissues via carrier proteins. Free messenger (<1%). Bound messenger: dissociate from carrier proteins when free messenger concentration decreases. At target cell hydrophobic messenger diffuse into the cell. 
· Hormone action: concentrations low and variable: generally, 10^-5 to ^-12 eg cortisol and insulin. Daily seasonal developmental individual species differences. Levels are snapshots. Level of response depends on: hormone and receptor concentration receptor affinity. 
· Response termination







































· Regulation of hormone secretion. Secretion of hormones increased or decreased by: NT neurohormones hormones and extracellular fluid conditions 
· Integrative control. feedback loop: changed elicit adjustment of hormone secretion 
· Negative: inhibitory effect on secretion, dampens hormonal response, maintains constant levels. 
· Positive: stimulatory effect on secretion. Rapid responses (amplification) eg oxytocin in parturition. 
· Multiple control pathways regulate blood glucose 
1. Direct feedback loop. Pancreas secrete insulin when it senses increase in blood glucose 
2. Glucose receptors in digestive track CCK release pancreas secrete insulin (2 hormone steps but no involvement of NS
3. 2nd order feedback loop. Gut stretch receptorneural stimulation of pancreas insulin
· Integrated control. Hypothalamus regulates many hormonal systems: controls pituitary secretions. Act on diverse tissues including gonads (sex steroids). Multiple levels of feedback loops: 1st oxytocin 2nd prolactin 3rd adrenocorticotropic hormone ACTH, gonadotropin release hormone GnRH 
Lecture 5 
[image: ]
· [bookmark: _GoBack]Integrative control: feedback loop changes elicit adjustment of hormone secretion. 
· Negative: inhibitory effect on secretion. Dampens hormonal response, maintains constant levels.
· Blood glucose: multiple control pathways regulate blood glucose. 
1.  Direct feedback loop. Pancreas secrete insulin when it senses increases in blood glucose. 
2. 2nd order feedback loop. Glucose receptors in digestive track CCK release pancreas secrete insulin (2 hormone steps) 
3. 2nd order feedback loop. Glucose stretch receptor  neural stimulation of pancreas.  insulin (2 steps neuropropeptide hormone) 
· Pancreas composed of alpha cells and Betha cells. Islets of Langerhans. 
· Insulin secretion (Betha cells) regulated by direct – feedback loop 
· Antagonist regulation blood glucose 
· Betha cells: insulin. Decrease blood glucose (glucose uptake in target cells) 
· Alpha cells: glucagon. Increase blood glucose (liver release stored glucose) 
· Coordinated, antagonist actions on multiple target tissues. 
· Precise regulation of blood glucose by speeding up or slowing down glucose uptake into tissues or release into blood. Many hormones grouped into antagonistic pairs. Allows the endocrine system to exert extremely precise control over physiological functions. 
· Diabetes. Type 1 autoimmune destruction of Betha cells. Type 2 insulin resistance in tissues
· Concerted action affects physiological parameters. E and cortisol can also increase blood glucose. 
· Additive effects: effect is equal to the sum of effects of each hormone alone. 
· Synergistic effects: effect greater than the sum of effects of each hormone alone. 
· Regulation of blood in crustaceans: CHH synthesized and secreted from neurons clusters into x organ/ sinus gland within eyestalk. 
· Integrative control. Feedback loop: change elicit adjustment of hormone secretion. 
· Positive feedback. Stimulatory effect on secretion. Rapid responses (amplification). Eg oxytocin in parturition. 
1. Mechanoreceptors signal contraction
2. Hypothalamus releases oxytocin 
3. Posterior pituitary releases oxytocin blood levels go up 
4. Oxytocin signal smooth muscle to release prostaglandins and causes contraction 
· Endocrine system, hypothalamus hypophyseal complex. 
· Hypothalamus forebrain (diencephalic) ventral location. Homeostatic regulation controls function of pituitary. 
· Pituitary hypophysis. Most complex of all endocrine glands. Master endocrine gland. Endocrine arm of the brain. 
· hypothalamus hypophyseal complex
· link between nervous and endocrine systems 
· hypothalamus: cluster of nuclei, regulates diverse homeostatic processes. 
· Infundibulum stalk 
· Pituitary= hypophysis 2 lobes regulated differently portal vs neurosecretory tract) 
· Anterior portal system: ask for a hormone
·  Posterior neurosecretory, all nerves go down all the way because the nerves come from top and so does the posterior pituitary the nerved dump directly the hormones in there. 
· Vascularization. Neurohemal organ: specialized structure in which neurons contact blood vessels. Neurons secrete neurohormones directly into blood. Median eminence (no blood brain barrier), posterior pituitary. 
· Pituitary development: composite structure (different embryological orgins).
·  Anterior (adenohypophysis): derived from rathke´s pouch: separates during development, pouch filled with proliferating cells.  
· Posterior (neurohypophysis): derived from neural ectoderm downward growth of diencephalon floor. 
· Hypothalamus 
· Nuclei with specific control functions. Involved in regulating: body °t, appetite and thirst, reproduction, HR and BP, cardiac rhythms. Regulates pituitary function 
· Posterior pituitary: aka neurohypophysis. Extension of hypothalamus. Hypothalamic neurons extend to the posterior pituitary. Secrete neurohormones into circulation: arginine vasodepressin (AVP/ADH) and oxytocin; synthesised in cell bodies in hypothalamic nuclei (supraoptic and paraventricular) and transported within vesicles along neuron. 
· Neurocretory neurons originate in hypothalamus. 
1. Oxytocin: 9aa, uterine contraction, milk let down. 
2. Arginine vasopressin (AVP): aka ADH (anti diuretic hormone), vasotocin (in fish). 9aas. Regulates water absorption in kidney (skin and bladder in amphibians, fish). Secretion controlled by blood osmolarity and volume 
· Anterior pituitary: aka adenohypophysis. 
· Neurons secrete neurohormones into portal system at median eminence. Portal system: 2 capillary beds separated by a portal vein. Connects hypothalamus with anterior pituitary. Hypophysiotropic hormones: releasing and inhibiting neurohormones. Regulate secretions of hormones from anterior pituitary. 
· Dump hormone on portal system. Act directly on anterior pituitary. 
· Regulation: neurosecretory neurons in the hypothalamus secrete neurohormones at median eminence. Transported through the hypothalamo-hypophyseal portal system 
· Releasing hormones RH (released by the hypothalamus and they tell the anterior pituitary to release hormone): 
1. Thyrotropin releasing hormone TRH 
2. Corticotropin releasing hormone CRH 
3. GH releasing hormone GHRH/ Somatostatin 
4. Gonadotropin- releasing hormone GnRH 
5. Prolactin releasing hormone PRH 
· Release inhibiting hormones IH 
1. GH inhibiting hormone GHIH/ somatostatin 
2. Prolactin inhibiting hormone PIH  
· Hormones: tropic hormones cause the release of other hormones (involved in 3rd order feedback loops)  
1. Adrenocorticotropic hormone ACTH: regulates cortisol secretion from adrenal cortex 
2. Thyroid stimulating hormone TSH: regulates secretion of iodothyronines in thyroid gland 
3. Follicle stimulating hormone FSH: regulates gametogenesis in gonads: regulates gametogenesis in gonads 
4. Leuteinizing hormone LH: regulate steroidogenesis in gonads 
5. Growth hormone GH: regulates somatomedins IGF secretion from liver 
· Non tropic hormones act directly on target tissues 
6. Growth hromones GH: regulates growth and metabolism in a variety of tissues 
7. Prolatic PRL milk synthesis in mammary gland. Salt/water balance at kidney and gills in fish 
· Example: hypothalamus neurosecretory cells release gonadotropin RH into portal vessels. Act on anterior pituitary stimulating release of gonadotropic LH and FSH. They act on gonads to mediate steroid synthesis and release. Increase in steroids (androgens and estrogens) – feedback. 
· Thyroid regulation, goiter synthesis of TH compromised iodine, leading to decrease in TH plasma levels. Release – feedback increase TRH and TSH levels, overstimulation of thyroid. Without iodine thyroid hormones cant, be produced – feedback stops and the pituitary keeps producing. 
· GH produced anterior pituitary. 
· Intermediate lobe of pituitary: release melanocyte stimulating hormone MSH, dispersal pigment granules in melanophored to cause skin darkening fish amphibians and reptiles. Synthesis and dispersion of melanin in human fetus. Microtubules that move colour pigments very quickly controlled by pituitary. 
· Chromatophores in amphibians, fish, reptiles, crustaceans, cephalopods and bacteria 
· Intermediate lobe very thin or indistinguishable in adult humans 
· Integrative function 
· Endocrine system and circadian rhythms: light signals from retina received by suprachiasmatic nucleus. Alters release of melatonin from pineal gland. Acts on different nuclei in hypothalamus. Cause circadian changed in hormone secretion. 
· Regulates certain body functions that vary. At different times of the day (eg body °t hormone secretion hunger). Over a period of many days (menstrual cycle) 
· Endocrine disrupts. Chemicals that interfere with endocrine function. Many endocrine disruptors mimic or block the action of natural hormones, especially steroids (many synthetic chemicals have similar structures). Some estrogenic compounds can alter estrogen levels in aquatic environments. 
· Potential endocrine disruptors. Pesticides, insecticides, biphenol (plastics), detergents, antibacterial soaps, soy products, many others. Some effects: low sperm counts, diabetes etc 
· DDT opens Na channels in the membrane of insect neurons and causes death. In mammals is genotoxic and endocrine disruptor
· Some mechanisms of endocrine disruption. 
· Antagonist and agonist 
· Interference with: hormone synthesis, hormone transport (eg bind to carrier proteins and displace hormone (increase in hormone clearance and decrease in circulating hormone levels), hormone degradation (eg up regulation of enzymes involved in hormone breakdown (increase hormone catabolism, reduced hormone levels) 
Lecture 6 hormones and stress 
· Stress is a condition in which the dynamic equilibrium of an organism is threatened or disturbed as a result of intrinsic or extrinsic stimuli or stressors. That leads to a stress response. Suite of physiological and behavioural changes that allows the animal to respond immediately in a generalized way to the threat. 
· [image: ]Acute versus chronic stress. In an acute crisis, the stress response mobilizes resources to help the animal overcome the threat (adaptive increase survival and fitness). In the long term, the stress response becomes damaging (chronic stress decrease in growth, reproduction, survival and fitness). 
· 3 phases 
1. Primary: elevation of stress hormones. Initiated by hypothalamus. Sympathetic response + activation of HPA or HPI axis. 
· Sympathetic response. Catecholamine release from chromaffin cells (neural origin but do not differentiate into neurons). Neural response: immediate response, fast and short lived. 
· HPA or HPI axis: increased production of glucocorticoid stress hormones by interrenal cells (steroidogenic). Neuroendocrine response slower response (min) longer acting (hr)
2. Secondary: metabolic, cellular and immune responses initiated by stress hormones (eg high HR high blood glucose. 
· Elicited by stress hormones; allow the threat to be overcome. Catecholamines: ↑ O2 delivery. ↑HR and force of contraction ↑ cardiac output. Release of rbcs from spleen. Redistribution of blood flow to skeletal muscle, away from skin and viscera (intestine, gonads). Mobilize energy reserves: stimulate glycogen breakdown in liver (↑ glucose), breakdown of lipid stores. Inhibit insulin and stimulate glucagon. ↓ digestion. Cortisol or corticosterone: stimulate fat and protein catabolism (to replenish liver glycogen), inhibit feeding, permissive role for adrenergic responses. Permissive role: presence of 1 hormone is required for the other to exert an affect. Eg receptor up regulation on target tissue in response to cortisol gives enhanced sensitivity to catecholamines. 
3. Tertiary: changes in whole animal performance. Growth reproduction disease resistance. 
· Apparent in chronic stress. Decrease in growth, reproduction and immune function. Resulting from secondary responses. Energy diverted away from growth and reproduction. High levels of glucocorticoids supress immune function. Stressor hypothalamusanteriror pituitaryinternal cellstarget tissue. 
· The stress response: 
· Variation in the stress response: 
· Magnitude of stressor needed to elicit a response. Across species, catecholamines mobilized by hypoxia in trout but not carp
· Magnitude of the response. Among individuals proactive vs reactive stress coping style 
· Hormone among species, cortisol vs corticosterone. 
· Case study chronic social stress in juvenile rainbow trout. 
· Catecholamines: lipid soluble hx that act on membrane bound receptors. Amplification, generally short term. 
· Glucocorticoids: lipid soluble hx that act on cytoplasmic receptors. Regulate gene transcription. Longer term 
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