
Normal Cellular Physiology
· Red Blood Cell 

· Red Blood cell (erythrocyte) 

· Bending over to fit through capillary 

· Surrounded by endothelial cell 

· Capillary has one thin layer (endothelial cell) 

· Cells 

· Nucleus: store DNA (genetic material) 

· Ribosomes: take messenger RNA (blueprint for protein) and make protein 

· Factories for proteins 

· Golgi: post office of cell 

· Sorts and sends proteins where they need to be 

· Rough ER/ smooth ER 

· Rough: does one thing; makes proteins for transport to Golgi

· Smooth: metabolizes molecules into other molecules; does a thousand things

· Detoxify, metabolize – e.g. produce cholesterol, detoxify drugs
· Mitochondria: 

· make ATP 

· Lysosomes: garbage disposal, digestive enzymes; 

· get rid of substance or it is recycled by cell 

· Peroxisomes: similar to lysosomes, but acts on different substrates 

· Amphipathic

· Affinity for both oil and water (ex. Soap) 

· Hydrophilic (head): towards water 

· Hydrophobic (tail): away 

· Very stable cell membrane 

· Plasma membrane proteins 

· Channels 

· Difficult for hydrophilic molecule to get through hydrophobic area 

· Channel is like tunnel to allow passage

· Enzyme-linked receptors

· Activated by ligand ( enzyme on inside of cell activated 

· Glycoprotein

· Carbohydrate attached to protein

· Cell identifies itself to rest of the world (ex. Address on front of house) 

· Adhesion molecules 

· Hold cells to each other 

· Cytoskeleton 

· Proteins within cell that give it structure 

· Fluid mosaic model
· Endothelial cells 

· Stacked next to each other and then anchored to basement membrane 

· Cell junctions  (5 types) 

· Tight junction 

· Zipper of Ziploc bag 

· Water tight but mechanically NOT very strong 

· Between two cells (runs all the way around) 

· Example, in intestinal lumen 

· Belt desmosome 

· Seam on pants (all the way around) 

· Mechanically strong but not water tight 

· Works with tight junctions 

· Spot desmosome 

· Occurs at one spot 

· Very mechanically strong – prominent in skin & cardiac muscle
· Holds 2 cells together 

· Gap junctions 

· Junction with holes – like adjoining hotel rooms with shared door
· Small molecules from one cell can flow to other 

· Cardiac & smooth muscle cells: Depolarization in one will depolarize other 

· Can shut gap junctions if one cell is injured

· Hemi-desmosomes 

· “1/2 of Desmosome”, material in cell allows anchoring to basement membrane

· backing on one side attached to cell
· Communication

· Autocrine 

· Cells signaling self 

· Paracrine 

· Neighboring cells communicating to others 

· Very short distance 

· Hormonal 

· Secreting cell dumps hormone in blood and goes throughout entire body to its target cells 

· Matter of what cells have receptors for it 

· Neurotransmitter 

· Close communication 

· But neuron may have long axon 

· Synaptic cleft to post-synaptic cell 

· Neurohormone 

· Neuron that dumps its “neurotransmitter” into blood which then works like a hormone 

· Cell Receptors 

· Varying degrees of complexity 

· Ligand (something that binds to receptor) gated channel 
· If nothing bound the then channel is closed, opens when ligand binds

· Ex. Neuromuscular junction – acetylcholine-gated Na+ channel

· G protein coupled receptor 

· Ligand binds to receptor that activates G protein that slides and activates an enzyme that will either produce IP3 or cyclic AMP that activate second messengers 

· Steroid receptors 

· Lipophilic ligand (e.g. steroid hormones) that cross membrane 

· Receptor initially in cytoplasm
· Receptor w/ligand moves into nucleus
· Binds to DNA and up-regulates (or down-regulates) gene or family of genes 

· Example, anabolic steroids to increase muscle mass 

· Second messenger 

· Amplification 

· Divergence 

· Wide range of reactions in the cell by one active receptor 

· Plasma membrane 

· Hydrophobic center 

· Small hydrophobic molecules can cross
· O2, CO2, N2 
· also fatty acids, steroid hormones, etc.
· Small uncharged particles can pass slowly 

· Water (but, aquaporin allow for faster passage) 

· Larger polar molecules pass too slowly to be useful

· Ex. Glucose; needs a channel/transporter 

· Charged molecules NOT going through at all

· Na+ needs channel/transporter to help move it 

· Concentrations of solutes – know values in BOLD (mM = mmoles/L) 

· Na+ high concentration in plasma, equal in Extracellular, LOW in intracellular

· K+ high inside, low outside 

· Cl- high outside, low inside 

· Sodium chloride outside – interstitial fluid simulates ancient seawater
· Ca2+ inside is very very LOW 

· When Ca++ moves into a cell, it signals the cell to do what it does best

· Example: muscle contracts 

· Protein: ~0 in extra-vascular ECF (not allowed to leave capillary) 

· Plasma protein stays in capillary 

· Osmolarity slightly higher in blood vessels 

· pH normal = 7.4

· Sodium Potassium pump – aka Na+/K+ ATPase 

· Use ATP to pump 3 sodium out of cell and 2 potassium into cell 

· very energy intensive, ~¼ of daily calories consumed are used to fuel this pump 

· uniport: carries one thing in one direction 

· down concentration gradient 

· transporters and channels extremely selective 

· symport: two things in same direction 

· antiport: two things opposite directions 

· active transport (transporting against gradient)

· primary active transport: use ATP 

· e.g. Na+/K+ ATPase pumping sodium out of cell 

· secondary: using energy that is NOT ATP 

· e.g. use energy that is stored in sodium gradient 

· sodium wants back in cell and so it can go in as long as it brings something else in against its gradient 

· sodium coupled transport – there are very many of these in the body

· Nernst Equation 

· potassium: high inside, low outside

· wants to go outside 

· K+ leak channel – a channel that only allows potassium to move 

· as K+ leaves, inside of cell becomes negatively charged 

· electrical gradient: positive charge attracted to negative (have this inside cell)

· electrical gradient tries to pull K+ back in because channel only allows potassium to be moved 

· eventually reach equilibrium of chemical gradient pushing out and electrical gradient pulling in 

· potential of cell at equilibrium = 61 x log of  potassium concentration outside/ concentration potassium inside 

· units = millivolt (mV) 

· generalized to any charged particle 

· E = (1/Zx) * 61 * log [X]o/[X]in (mV) [at 37 ˚C]
· Zx = charge of particle (K = +1, Na+ = +1, Ca = +2 etc, Cl- = -1) 
· Resting membrane potential ≈ -70 mV, largely determined by Nernst potential for K+

· Action potential

· Na+ channel opens ( sodium rushes into cell 

· Membrane potential goes up (positively charged) 

· Sodium moving in caused depolarization 
· Na+ channel closes and potassium channel opens and potassium goes out ( repolarization 

· K+ moving out causes repolarization

· Exocytosis, endocytosis 

· Unlike channels/transporters, not very selective

· Endocytosis – cell ingests material

· Endocytic vesicle fuses with lysosome which chops things up 

· Exocytosis – cell releases material

· Glycolysis, Krebs Cycle, & oxidative phosphorylation 

· Glycolysis: glucose ( 2 pyruvates/2 acetyl CoA and 2 ATP without O2

· Krebs cycle & oxidative phosphorylation with O2 ( ~34 ATP 

· Can we produce CO2 without using O2 

· YES! 

· O2 that we use combines with hydrogen to produce water 

· Without O2 we produce A LOT of H+ ( acidosis (feel the burn) – anaerobic respiration

· Cell cycles (mitosis) and checkpoints
· Check points verify that the cell is able to go on to next step

· Can cell enter cell cycle and can it proceed all the way around?  Only if it passes checkpoints
· Cell cycle is very tightly controlled, and is mis-regulated in cancer

· 4 types of tissue 

· connective

· few cells and lots of material around them 

· bone, tendons, cartilage, etc. – also blood

· ex. A few cells and a lot of plasma

· epithelial 

· most diverse tissue type

· has orientation (apical, lateral, basal)

· forms glands, skin, most of the material of most organs

· muscle 

· smooth muscle

· blood vessels, GI, uterus, various organs

· skeletal muscle

· exactly what you think of when you think of muscle

· cardiac muscle

· heart

· neural 

· brain & nerves

Cellular Pathophysiology
· Terminology of Cell Injury 

· Normal homeostasis 

· Insult/stress: stimulus that upsets normal homeostasis 

· Compensation: body’s attempt to maintain normal homeostasis under stress 

· Shivering & “white hands” when it’s cold, increased heart rate upon standing, etc.

· Cell injury: result of stimulus in excess of the cell’s immediate compensation response 

· Hypothermia/frost bite 

· Reversible cell injury: cell injury that doesn’t kill the cell 

· Muscles getting bigger when working out 

· Anything that doesn’t kill me makes me stronger (takes some time to adapt)

· Irreversible cell injury: cell death 

· Apoptosis: clean controlled cell death 

· Necrosis: messy uncontrolled cell death 

· Cell adaptation: adaptation at cellular level 

· Atrophy: “a”- without, “trophy”- feast (now statuette) 

· No feast: looks like cells are starving
· Hypertrophy: lots of feasting, much bigger 

· Hyperplasia: “plasia” (e.g. plastic) – form

· Increase in number of cells 

· Hypertrophy but NOT hyperplasia

· Fat cells (adipocytes)
· Skeletal muscle cells 

· Cardio-hypertrophy 

· Hyperplasia: most everything else 

· Metaplasia: change from one epithelial cell type to another 

· Example: columnar ( stratified squamous – in bronchioles of smokers
· Result of a stressor 

· GERD: esophageal lining is stratified squamous then turns to columnar 

· Smoking: ciliated pseudo stratified ( stratified squamous 

· If quit smoking goes back to what should be

· Metaplastic tissue can become dysplastic 

· Dysplasia: “dys” - bad/painful + form 

· Cells that are not a legitimate cell type 

· NOT necessarily cancerous, but pre-cancerous (could progress to cancer)

· in reality almost ANY cell in body can progress to cancer 
· but dysplastic cells are well on the way to becoming cancer

· low grade – less progressed toward cancer

· high grade – more progressed toward cancer

· NOTE: cancer cells will almost always be dysplastic
· Neoplasia: new growth, sometimes referred to tumor (swelling that is abnormal) 

· Not all neoplasia is cancer, but ~all cancer results in neoplasia

· e.g. Warts: not cancer but neoplasia. (Warts are also dysplasia.)
· Myocardial cells do not undergo hyperplasia but only hypertrophy

· Hypertension, stenosis (valve doesn’t open all the way) 

· Power athletes (e.g. cyclists) usually show cardiac (left ventricular) hypertrophy but not as much as pathological hypertrophy – left ventricular hypertrophy in an athlete is not usually a problem.
· Stressor that injures a cell but doesn’t kill it 

· Moving heavy boxes, injures cells and they start adapting, but sore next day (DOMS) 

· When you move again within a week you don’t feel so bad 

· Heart attack: if cells don’t die they prepare for future heart attack 

· Dead cardiomyocytes however are not replaced by new myocytes

· Common themes in cell injury 

· Ischemia and hypoxia 

· ATP depletion: blood flow decreases, don’t get enough O2, without O2 don’t get enough ATP production, lack of ATP prevents sodium/potassium ATPase, sodium flows in ( water follows ( cell swells 

· Free radicals & reactive oxygen species (ROS)

· Example, hydrogen peroxide on skin: bubbles and skin bleached and burn 

· Increased intracellular calcium: a lot of calcium causes cell death 

· Low ATP can’t get sodium out, can’t remove calcium 

· Calcium activates enzymes and apoptosis 

· Rupture in plasma membrane 

· Lose sodium gradient, lose normal cell function 

· Flow chart 

· Purple: reversible 

· Light blue: irreversible 
· Green: clinical findings
· Ischemia: tissue not getting new O2, decrease in ATP production, glycolysis increase to get as much ATP, but this also creates H+ and cells & tissue become acidic (acidosis)
· Lactate is pyruvate that has H+ added; lactate buffers H+

· Tissue acidic, pH falls, nucleus begins clumping (not irreversible) but can’t access DNA

· Lysosomes swell, when they rupture release digestive enzymes that begin breaking things down (autolysis) 

· Decrease in pumping sodium out, lose gradient, water follows, increase EC potassium, lose electrical gradient 

· ( acute swelling of cell 

· rough ER: ribosomes begin to detach, decrease in protein synthesis, lose ability to maintain cytoskeleton 

· ( membrane damage 

· lactate dehydrogenase (LH), creatine-kinase (CK): indicators that cells somewhere in body are dying 

· Hypoxic injury induced by ischemia 

· Lose blood supply, decrease in O2 ( decrease in ATP (prevents us from running sodium potassium ATPase, lose sodium gradient, run more glycolysis, use up glucose and begin lactic acid production, decrease in pH 

· Cell swelling 

· When cell starts leaking and calcium comes in at rapid levels this is a signal for cell death 

· Decreased pH causes nuclear lumping 

· swelling of lysosomes ( rupturing of lysosomes that release lysosomes and cause autodigestion 

· Potassium goes out – increase extracellular K+ concentration ( ↑ K+ Nernst potential
· Resting membrane potential rises: potassium is most permeable 

· Potassium changes resting membrane potential much more readily

· apoptosis: nice clean programmed death (would rather this happen)

· necrosis: triggers inflammation, cytoplasmic contents leak out and into blood stream: detectible in blood tests, e.g. LDH, CK, AST, ALT, troponin, myoglobin, etc. 

· reversible v. irreversible cell injury 

· reversible: DNA clumping, lysosome appearance, cell generalized swelling 

· irreversible: rupture of lysosomes (autolysis), defects in cell membrane (lose sodium gradient and have calcium rushing in), lose integrity of cell, karyolysis (chopping up the nucleus) mitochondrial cell swelling 

· causes of cell injury 

· oxygen deprivation 

· hypoxia, hypoxemia, ischemia 

· physical agents 

· trauma, heat, cold, pressure, radiation 

· chemical agents 

· poisons, drugs 

· infectious agents 

· immunologic responses 

· genetic mutations 

· Terminology 

· Hypoxia: low tissue oxygen level

· Caused by hypoxemia, or hemoglobin problems such as anemia 

· Anemia: not enough red blood cells in body, 100% O2 saturation

· Less hemoglobin to carry O2, less O2 in blood due to overall less blood cells 

· Will not cause hypoxemia but WILL cause hypoxia

· Anoxia: very low tissue oxygen level, extreme form of hypoxia 

· Hypoxemia: low blood oxygen tension (decreased O2 – saturation) 

· Low oxygen pressure/tension in blood 

· Caused by: poor air exchange, difficulty breathing, (hold your breath for long enough), suffocation, heart failure 

· Decreased O2 saturation (pulse oximeter – a device on finger to measure O2 sat)
· % of hemoglobin binding sites that are actually occupied with O2 

· normally about 100% 

· deoxygenated hemoglobin is blue 

· venous bleed in vacuum = blue 

· one of the causes of hypoxia

· ischemia: insufficient blood supply to tissue or organ 

· ischemia: restriction/constriction blood flow to tissue/organ

· reversible 

· example, when you measure someone’s BP you cause temporary ischemia 

· infarction: ischemia with necrosis (irreversible) 

· most common: myocardial infarctions (heart attacks)

· reperfusion: restoration of blood supply that had been cut off 

· reperfusion injury (O2 returning to damaged tissue causes additional damage) 

· Causes of ischemia

· thrombus: fixed in one place and blocks artery; blood supply cut due to size

· get rid of thrombus and restore blood flow 

· when we restore blood we damage some tissue with free radicals 

· embolism: moving; breaks off and gets stuck somewhere; blood supply cut 

· when restore blood supply you cause harm with ROS (Reactive Oxygen Species) 

· Generation of ROS and antioxidant mechanism in biological systems 

· free radical: molecule with an unpaired electron written with little dot 

· ROS: highly reactive molecule that contains Oxygen

· Some overlap between free radicals & ROSs

· extremely reactive with anything it comes in contact with 

· endogenous antioxidant system to take care of this 

· superoxide dismutase: takes care of superoxide ion - converts to hydrogen peroxide 

· hydrogen peroxide (not a free radical; but a reactive oxygen species): pour on cut, bleaches skin and kills everything that is there because its is extremely reactive 

· oxidizes everything it comes in contact with 

· normally just use 1% hydrogen peroxide

· beneficial when we want to kill bacteria 

· don’t want it in our cell, use catalase to convert it to water 

· hydroxyl radical 

· produced in miscellaneous metabolism and need to get rid of 

· have glutathione peroxidase to react and get rid of it and then we restore glutathione so it can get rid of another one 

· when restore blood supply O2 comes in and thus get increase in free radical species and reactive oxygen species created, thus further damaging cells 

· problem when restoring blood supply during heart attack 

· get influx of calcium which also causes more harm 

· major pathways of metabolism of alcohol in the liver through ADH (alcohol dehydrogenase)

· if consume more than can break down normally, we produce free radicals 

· liver cells exposed to lots of alcohol damage leads to free radical damage causing fibrosis 

· would be reversible at first but once it gets thick enough it scars and is irreversible 

· Manifestations of Cellular Injury – cell swelling 

· Sodium comes in, we can’t pump it out and water follows causing cell to swell 

· Color changes in a bruise 

· Oxygenated Hemoglobin – red 

· Deoxygenated blood is blue 

· Initial damage causes break in capillaries and mixing of the blood thus producing purple bruise 

· RBCs begin to be broken down first to Biliverdin – green 

· Broken further to Bilirubin – yellow 

· Hemosiderin – golden brown

· Free cytosolic calcium: a destructive agent 

· Takes a lot of work to maintain low concentration of calcium in cell

· Need lots of ATP 

· If too much calcium comes in: 

· First signals cell to do what it does best

· At highly levels, intracellular Ca++ is big problem – signal for cell to die

· Activates breakdown of membrane itself  

· Lipid bilayer: free fatty acid enzymes will make it into eicosanoids (ex. Prostaglandins, leukotrienes) (inflammation) 

· Calcium triggers removal of arachidonic acid from fatty acid and makes it into eicosanoid 

· Chewing up plasma membrane 

· Cell swelling at same time 

· Calcium Activates endonucleases (chops up DNA in the middle) 

· Activates protease (chops up cytoskeleton) 

· Activation of protein kinases 

· Extracellular Pathologic calcification: dystrophic v. metastatic 

· Dystrophic calcification 

· Cells have died and released contents 

· In cytosolic contents are things that cause calcium to bind (calcification)

· Occurs around necrotic tissue 

· Metastatic calcification 

· Increase in serum calcium levels causes calcium depositions throughout the body 

· Ex. Rock candy (saturated sugar) heat and dissolve as much sugar as possible in water, as it cools sugar becomes less soluble and there is so much sugar that it begins to deposit 

· Also phosphate in blood 

· Spontaneously reacts with calcium as calcium phosphate

· Ex. In alveolar tissue of lung 

· Necrosis v. apoptosis 

· Necrosis: irreversible damage 

· Contents spill out 

· Causes inflammatory response 

· Apoptosis: controlled cell death 

· Eaten by phagocytes, contents of dying cell never exposed to the outside 

· Does not produce any kind of inflammatory response 

· Necrosis 

· Ex. Kidney glomerulus and tubules 

· Tissue left maintains normal architecture after death (coagulative necrosis) 

· Usual result of infarction

· Infarctions in brain don’t give coagulative necrosis

· Liquefactive necrosis: tissue is dissolved by digestive enzymes, loses normal appearance 

· Ex. Brain infarction: brain will have holes and tissue replaced by fluid 

· Seen in abscesses (e.g. picture of fungal abscess) 
· Caseous necrosis: yellow-white and cheesy (queso) 

· Happens specifically with Tuberculosis  

· Fat necrosis: typically seen in pancreas (produces pancreatic enzymes that digest things ex. lipases that break down fat) 

· If leak out, digest fat in the area, calcium reacts and get fatty calcium deposits 

· Ex. Breasts; calcium deposits in breasts due to fatty necrosis 

· Completely benign but show up on mammograms

· Gangrenous necrosis: 
· dry gangrene 

· occurs in dry tissue, e.g. feet of diabetic 

· Often involves clostridium infections that are exposed to air
· wet gangrene

· occurs in moist tissue, e.g. internal organs and bedsores

· numerous bacteria involved, but C. perfringens most common

· gas gangrene

· similar to wet gangrene with addition of gas production

· medical emergency – can spread quickly resulting in sepsis and death
· Cellular Aging: Telomeres 

· Doesn’t code for anything 

· DNA cap at ends of chromosomes 

· Every time cell replicates we don’t copy the end completely, we lose a little bit of telomere at the end, when we have lost enough of telomeres the cell does not replicate anymore (replicative senescence) 

· Cells can replicate 60-70 times 

· Lead to theory of aging 

· Why do we have this mechanism? 

· Puts a stop to cancerous cells who can’t replicate further than this 

· Effective in protecting against cancer unless activate telomerase (which turns on lengthening of caps) 

· Also need to turn on telomerase for germ cells
