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Suggested Extra Credit for BIOL& 242 Guidelines:       



One page reflection connecting your feelings/questions/class topics to the topics learned in the video or reading. One point awarded per reflection Reading: one reflection written for each hour of reading Videos: one reflection per video watched Possible up to 2% of total points No more than 2 extra credit points/week No extra credit accepted after March 8th



GI System reading  Gulp by Mary Roach (GI system, humor)  What if it’s all been a big fat lie? by Gary Taubes (New York Times article)  Hungry (overeating as an addiction) GI movies  Medical Mavericks: Diet and Disease with Michael Mosley  Science for Smart People (youtube, Tom Naughton) Diabetes reading  Sugar Nation by Jeff O’Connell (about type II diabetes) Cardiovascular movies  The Wonderful World of Blood, BBC with Michael Mosley  Blood and Guts, Episode 2: Bleeding Hearts with Michael Mosley  Something the Lord Made with Alan Rickman Other Books The Brain that Changes Itself Stiff by Mary Roach The Last Well Person by Norman Hadler Survival of the Sickest Brain on Fire by Susannah Cahalan (about encephalitis, a gripping read) Deadly Feasts (about Mad Cow Disease) Other Movies Blood and Guts: History of Surgery -Episode 1: Into the Brain -Episode 3: Spare Parts -Episode 4: Fixing Faces -Episode 5: Bloody Beginnings Medical Mavericks (another series by Michael Mosley) Episode on Anesthesia Episode on Microbes



3



GI System Overview You GI tract starts at your mouth and squiggles its way all the way through your body to your anus! And, depending on your height, it’s about 30 feet in length. Parasympathetic stimulation via the vagus stimulates digestive activities; sympathetic innervation inhibits digestive activities. Digestive Processes 1. Ingestion: putting food into mouth 2. Propulsion: moving food through gut  Swallowing and peristalsis (which occurs in the esophagus and intestines) 3. Mechanical Digestion: thorough mixing of food  chewing, mixing, churning in stomach (a uniform mixture prepared in the stomach)  segmentation: back and forth mixing 4. Chemical Digestion  Catabolism of food down to its building blocks Nutrient CarbohydratesSimple Sugars (especially glucose) Proteinsamino acids



LipidsFatty Acids and Glycerol



Enzymes Required Salivary Amylase and Pancreatic Amylase (and other enzymes not mentioned here) Stomach produces pepsin; pancreas produces many other proteases Pancreatic Lipase



Locations Mouth and Duodenum



Stomach and Duodenum



Duodenum



5. Absorption  Passage of building blocks from lumen of GI tract into blood. Most things enter bloodstream from the small intestine. Certain substances can be absorbed in the stomach, and an even fewer number of substances can be absorbed in the mouth. 6. Defecation  Elimination of undigestible matter. Feces is primarily composed of fiber, bacteria, and water. The bacteria are what cause the odor. Malabsorption diseases can cause undigested foodstuffs (such as fats) to appear in the feces.
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GI System Overview



Class Notes
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Mastery Series: GI System Overview 1. 2. 3. 4. 5. 6. 7. 8. 9. 10. 11. 12. 13.



List the 6 digestive processes. Compare mechanical digestion and chemical digestion. Where does most mechanical digestion occur? Where does most chemical digestion occur? Where does most nutrient absorption occur? What are the three main nutrients in our diet? What enzymes did I specifically mention that chemically break down each main nutrient? For each nutrient, list the location(s) it is chemically digested. What organ produces enzymes to chemically digest each nutrient? Compare segmentation and peristalsis. Give an example of where and why each occurs. What are the components of feces? What would feces be like if too much water is absorbed? If not enough water is absorbed?
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GI System Overview



Re-Write Class Notes
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GI System Overview



Mastery Series Answers



1. ingestion, propulsion, mechanical digestion, chemical digestion, absorption and defecation 2. Mechanical digestion breaks foodstuffs into smaller, well-mixed pieces; chemical digestion requires enzymes that break chemical bonds between atoms. 3. mouth and stomach 4. duodenum of small intestine 5. duodenum and jejunum of small intestine 6. proteins, carbohydrates and fats (or lipids) 7. *proteases/pepsin break down proteins*salivary and pancreatic amylase breaks down carbohydrates *lipases break down lipids 8. Carbohydrates: mouth and duodenum; proteins: stomach and duodenum; fats; duodenum 9. Pancreas 10. Segmentation mixes back and forth; peristalsis just pushes forward. Peristalsis occurs throughout GI tract to keep things moving forward; segmentation occurs primarily in the intestines to ensure adequate nutrient digestion and absorption. 11. Fiber and bacteria 12. hard (constipation) –sometimes also happens when food moves too slowly through GI tract 13. watery (diarrhea) –sometimes also happens when food moves too quickly through GI tract
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Cross-Section of the Intestine The GI LUMEN is the cavity through which foodstuffs pass. The GI tract has a well-lubricated mucosal membrane, and thick muscular walls. Layers (starting at the lumen): 1. MUCOSA has folds and valleys (called plicae and villi) to increase surface area and increase efficiency of digestion.  Simple Columnar Epithelium makes up the mucosal layer, interspersed with goblet cells to make mucus to ease the passage of foodstuffs.  Populated with many species of friendly bacteria (such as E.coli and Lactobacillus), as well as opportunistic pathogens such as Candida albicans. The majority of these bacteria colonize the large intestine. When their balance is upset, it is linked with: autoimmune disease (Rhematoid Arthritis); autism; IBS, and weight gain—to name a few. 2. SUBMUCOSA contains:  areolar connective tissue (loose collagen and other fibers) to support the following:  Blood vessels to absorb nutrients  Peyer’s Patches (lymph nodes) filled with leukocytes to fight infection  Mast cells that can release histamine and are implicated in food allergies.  Mucus glands that protrude up through mucosae 3. SMOOTH MUSCLE  Circular and Longitudinal Layers perform peristalsis and segmentation. These muscles can be stimulated by parasympathetic input from the vagus nerve. 4. PERITONEUM  Serous membrane should be sterile.  Serous fluid reduces friction between the coils of intestines as they move within our abdominal cavity.  Peritonitis is inflammation of this serous membrane  Trauma (knife wound, car accident)  Infection (often caused from a perforated bowel; e.g. burst appendix)
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Mastery Series: Cross-Section of the Intestine 1. 2. 3. 4. 5. 6. 7. 8. 9. 10. 11. 12. 13. 14. 15. 16. 17. 18. 19.



What is the GI lumen? If someone were discussing blood vessels, what would you think the lumen is? What are the 4 layers of the GI tract? Which layer is populated with bacteria? Which layer is covered with mucus to prevent friction? Which layer is covered with serous fluid to prevent friction with other coils of intestines? Which layer contracts to perform peristalsis and/or segmentation? Which layer is composed of areolar connective tissue? Which layer is composed of simple columnar epithelium? Which layer prevents microbes from passing through the mucosal layer? Describe the parts of the submucosa. What are the two parts of the smooth muscle of the intestine? What two kinds of movements (show with your hands) can the intestine therefore perform? What is the purpose of the folds and “villi” and “microvilli” of the intestine? Why would increased surface area be important? If this were the duodenum, what types of enzymes would be entering it via ducts? What organ connects with the duodenum to deliver these enzymes? What are two common reasons someone could develop peritonitis? What type of cells release histamine and may be implicated in food allergies?
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Cross-Section of the Small Intestine 1. 2. 3. 4. 5. 6. 7. 8. 9. 10. 11. 12. 13. 14. 15. 16. 17. 18. 19.



Mastery Series Answers



The center of the “tube” that is our GI tract; where the food is passing through. Where the blood is passing through. Mucosa, submucosa, smooth muscle, peritoneum mucosa mucosa peritoneum smooth muscle submucosa mucosa submucosa areolar connective tissue contains lymphatic tissue called Peyer’s Patches; mucus glands; capillaries and lymphatic vessels; mast cells that secrete histamine circular and longitudinal muscle shortening and narrowing increase surface area more efficient digestion and absorption amylase, proteases, lipase pancreas trauma (e.g. sharp stick, gunshot, knife); infection (e.g. gases build up and perforate the bowel) mast cells
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Teeth, Tongue, and Spit Big Idea: The mouth is responsible for mechanical digestion of all foods, and it is responsible for beginning carbohydrate chemical digestion. Mechanical digestion is accomplished by chewing (mastication) and mixing the food with saliva until it is softened into a ball called a bolus. Teeth: Adults have 28-32 teeth (depending on if they’ve had their “wisdom” teeth removed).  incisors (4 upper; 4 lower). Good at cutting food into small bits, come in first for babies. (starting at approximately 6 months  canines (2 upper; 2 lower). Good at piercing and tearing tough food  premolars/bicuspids (4 upper; 4 lower). These teeth are the last of the baby teeth to come in.  Baby teeth = 20  molars (4-6 upper; 4-6 lower). Good at grinding up food. 6-yr molars are first permanent molars to arrive. Some argue they are the most important teeth in the mouth to protect because they “hold” the spot for many other permanent teeth in the mouth. They help form a healthy “bite”. Enamel: Each tooth is covered with enamel, one of the strongest substances made by our body. This nearly impervious substance protects the tooth from decay by bacteria (such as Streptococcus mutans). Nerve Supply: Teeth have a nerve supply from the Vth Cranial Nerve (the Trigeminal).  Upper teeth are served by the maxillary branch of the trigeminal nerve  Lower teeth are served by the mandibular branch of the trigeminal nerve Tongue powered by the Hypoglossal Nerve (XIIth); sensory taste by VIIth and IXth (Glossopharyngeal) Saliva is produced by three paired salivary glands:   



Parotid glands Submandibular glands Sublingual glands



Saliva is a watery mixture that contains:  



amylase to begin chemical digestion of carbohydrates lysozyme to break down bacterial cell walls



Nerve Supply: The salivary glands are stimulated by Parasympathetic fibers in the Facial (VIIth) Cranial Nerve. Tongue powered by the Hypoglossal Nerve (XIIth); sensory taste by VIIth and IXth (Glossopharyngeal) 20
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Mastery: Teeth, Tongue, and Spit 1. 2. 3. 4. 5. 6. 7. 8. 9. 10. 11. 12. 13.



Name the 4 kinds of teeth. Generally, what is the purpose of incisors and canines? Generally, what is the purpose or premolars and molars? How many teeth does a preschooler probably have? How many teeth do you have? What is a bolus and how is it formed? What is the purpose of enamel? What nerve supplies the sense of feeling for your teeth? What nerve controls your tongue? What nerves provide sense of taste on your tongue? What nerve primarily controls your salivary glands? Which nutrient begins being digested in the mouth, and what enzyme facilitates this? What is the purpose of lysozyme?
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Teeth, Tongue and Spit! 1. 2. 3. 4. 5. 6. 7. 8. 9. 10. 11. 12. 13.



Mastery Series Answers



Incisors, canines, premolars, molars cutting and tearing grinding 20 28-32 ball of food that is formed by saliva and tongue as we chew protect teeth from bacteria growth and acid protection and abrasions trigeminal hypoglossal glossopharyngeal and facial facial carbohydrates; amylase inhibits bacteria
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Stomach The esophagus is a strong, muscular tube that pushes a “bolus” of food down to the stomach via peristalsis. The Lower Esophageal Sphincter (LES) keeps the opening to the stomach closed except during eating. This is meant to prevent stomach acid from regurgitating into the esophagus. The stomach is well-protected from its own acid; the esophagus is not designed for exposure to acid.  Gastric reflux is when the LES allows acid to splatter up into the esophagus. It can be caused by certain foods, certain eating routines, laying down after eating, pregnancy (LES is loosened by a pregnancy hormone called relaxin), or overweight (large belly presses up on stomach and forces some contents into the esophagus)  Achalasia is the opposite problem, in which the LES is overconstricted and unable to open adequately during meals. Food piles up in the esophagus and causes great pain. The Pyloric Sphincter prevents stomach contents from passing into the duodenum before they are adequately mixed. Stomach Muscles: Circular, Longitudinal, and Oblique muscles churn the food until it is a uniform mixture with a pH of ~2. This mixture is called “chyme.”—pronounced “Kime”. Stomach Secretions include:  Pepsinogen: This globular protein is activated by low pH in the stomach. Once activated, it is called Pepsin and begins chemical digestion of protein.  HCl: Acidifies the contents of the stomach, serving two primary purposes:  Converts pepsinogenpepsin (protein in the meal increases HCl production)  kills or damages most bacteria that could cause disease in the small intestine  Intrinsic Factor: Enzyme necessary for Vitamin B12 absorption  A lack of Vitamin B12 causes anemia. This is referred to as pernicious anemia. If dietary B12 is adequate, then the cause may be a deficiency in intrinsic factor. [Vitamin B12 is found in animal products and Brewer’s yeast.]  Gastric bypass surgery increases risk of Vitamin B12 deficiency since there is less stomach to produce intrinsic factor.  Chymosin/Rennin: produced by human infants to begin coagulation of milk proteins so that all the nutrients from the milk can have time to be fully absorbed when the milk reaches the intestine. Humans make less and less rennin as they mature. Rennin is used in cheese production and other processes that require milk to clump or coagulate. Rugae: Folds in the stomach wall that allow thje stomach to expand greatly with food as needed. The stomach “shrinks” when it is empty, such as during fasting. Pylorus: Means “gateway” and is the last region of the stomach before the pyloric sphincter. Helicobacter pylori is a corkscrew-shaped bacteria that is able to live in this region of the stomach and can cause ulcers. 28
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Mastery Series: Stomach 1. 2. 3. 4. 5. 6. 7. 8. 9. 10. 11. 12. 13. 14.



Compare the LES with the pyloric sphincter. What are rugae for? What two primary purposes does HCl serve in the stomach? What is the purpose of rennin in human infants? What is the purpose of pepsin in humans? Which nutrient begins being chemically digested in the stomach? What type of digestion occurs for all nutrients in the stomach? What is the name for the uniform mixture that leaves the stomach (with a pH of near 2!)? Why do pregnant women experience heartburn even before their belly is big? Why would an overweight man possibly experience more heartburn than a thin man? What enzyme produced in the stomach is required for the absorption of Vitamin B12? What kinds of foods is Vitamin B12 found in? What is the name of the disease resulting from Vitamin B12 deficiency? Compare gastric reflux with achalasia.
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Stomach



Mastery Series Answers



1. LES guards the opening of the stomach from too much food at once; pyloric sphincter guards the duodenum from too much chyme from entering at once. 2. increase surface area and volume of stomach 3. activates pepsin; inhibits pathogens 4. curdles milk proteins 5. begins protein chemical digestion 6. protein 7. mechanical 8. chyme 9. relaxin’s effect on the LES 10. large belly presses on stomach and pushes contents into esophagus 11. intrinsic factor 12. animal products and brewer’s yeast 13. pernicious anemia 14. gastric reflux: stomach contents going back UP esophagus; achalasia: food can’t get into the stomach
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The Pancreas, the Liver, and the Duodenum Work Together The small intestine consists of three regions:   



Duodenum: “12 fingers intestine” – only 1 foot long, but this is the site of most chemical digestion and absorption Jejunum: Continued absorption of many nutrients Ileum: Absorption of Vitamin B12 and bile salts  The ileocecal valve is a sphincter that regulates the entry of undigested wastes into the cecum and prevents backflow of feces into the small intestine.



Segmentation and peristalsis rhythmically move foodstuffs through the intestines, ensuring efficient digestion and absorption. Microbes that live in the small intestine are nourished by the nutrients in our diets. Depending on the macronutrient ratio of our diet, different types of bacteria may thrive. In the Duodenum: 



 



Bile from the gall bladder (and the liver) is squirted into the duodenum and emulsifies the fats (lipids) in the meal into small droplets. The liver makes bile; the gall bladder stores and concentrates it. These bile salts are reabsorbed in the ileum to be reused. Bicarbonate from the pancreas is ducted into the duodenum to raise the pH from 2 up to 8. Because……. Pancreatic enzymes are ducted into the duodenum and are not active until the pH of the meal is neutralized.  Lipase chemically digests lipidsfatty acids and glycerol  Amylase and other enzymes chemically digest carbohydratessimple sugars (especially glucose)  Proteases of various types chemically digest proteins amino acids



Nutrients are absorbed in the remainder of the small intestine and travel through the hepatic portal vein to reach the liver for processing (with the exception of fat, which enters the lymphatic system). Whatever is absorbed into the blood from the small intestine must go first through the liver for processing. Celiac Disease: Autoimmune disease in which leukocytes in the submucosa attack the gluten in wheat. This can cause inflammation of the small intestine lining and subsequent malabsorption of nutrients, weight loss, etc. Unfortunately, the damage to the mucosal lining may allow more foreign proteins into the submucosa and/or blood vessels there. This may be why someone with Celiac’s disease is also much more likely to also have Rheumatoid Arthritis, Type I diabetes, or autism.
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Mastery Series: Chemical Digestion and Absorption in the SI 1. 2. 3. 4. 5. 6. 7. 8. 9. 10. 11.



What are the 3 segments of the small intestine? Which segment is 1 foot long but does most of the work? Where is Vitamin B12 absorbed? Where are bile salts absorbed? What pH are pancreatic enzymes active at? What is the pH of chyme first entering the duodenum? How is this pH of the chyme raised to 8 in the duodenum? What are the three main nutrients? What are the “building blocks” of these three nutrients? What enzymes did I mention chemically digests each of these nutrients? What is the role of segmentation in the small intestine with regard to digestion and absorption? 12. Most absorbed nutrients (except fat) enter the __________________________________ vein and go to the __________ for processing. 13. What’s the purpose of the ileocecal valve? 14. Describe the path of a carbohydrate from mouth to your brain for thinking!
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Chemical Digestion and Absorption in the SI Mastery Series Answers 1. 2. 3. 4. 5. 6. 7. 8. 9. 10. 11. 12. 13.



duodenum, jejunum, ileum duodenum ileum ileum 8 2 bicarbonate from pancreas carbohydrates, proteins, fats simple sugars (glucose), amino acids, fatty acids and glycerol amylase; pepsin/proteases; lipase increases time the nutrients have to be digested and absorbed hepatic portal vein; liver regulates speed that undigested waste enters colon and prevents backflow of feces into small intestine 14. amylase in mouth starts chemical digestion; stomach acidifies and mixed into chyme; duodenum receives more amylase; glucose molecules are absorbed in the capillaries of the submucosa and enter the liver via the hepatic portal vein. The liver allows appropriate amounts of glucose into bloodstream. Glucose travels via blood to the brain.
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Large Intestine “Leftovers Delight”: that’s what the undigested wastes that enter the large intestine are to the 700+ species of bacteria that live there! They particularly thrive if they are capable of breaking down cellulose, the carbohydrate in fiber. The more fiber in the diet, the more gas you produce in the colon. Usually this gas passes painlessly (and silently?), but sometimes gas can get trapped behind fecal matter, and that can be very painful. Bacteria in the gut are important in preventing diarrheal diseases by pathogenic organisms. Antibiotics kill many of these bacteria and result in diarrhea being a typical side effect of antibiotics. Clostridium difficile may survive and thrive after a round of antibiotics. Appendicitis: If gas gets trapped in the appendix, it can be very painful. Eventually, the appendix may burst. A perforated appendix is life-threatening because all of those gut “friendly” bacteria can rapidly cause infection in the peritoneum and may enter the bloodstream. Jobs of the Large Intestine: 1. Water reabsorption  Pathogenic bacteria can block this and cause diarrhea 2. Bacterial production and absorption of certain vitamins (vitamin K and some folate, for example) Parts of the Large Intestine:       



Appendix: outpouch that has immune functions Cecum: region that connects with the small intestine Ascending Colon Transverse Colon Descending Colon Sigmoid Colon: shaped like “S” Rectum: “straight segment that exits the body. The anus is a sphincter muscle that we can control voluntarily.



Colon Cancer: may begin with benign “polyps” or growths. These may progress to a more aggressive and/or metastatic cancer. Diverticulitis: Weakened colon walls, usually in the descending colon, that can trap gas and cause great pain. Risks include too much straining during bowel movements/frequent constipation.
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Mastery Series: Large Intestine 1. 2. 3. 4. 5. 6. 7. 8. 9. 10. 11.



What are the parts of the large intestine? What is the function of the appendix? How can appendicitis develop? What is diverticulitis? What is one risk factors for diverculitis? What is colon cancer? What is the purpose of the ileocecal valve? What do “sigmoid” and “rectum” mean? How do our gut bacteria help keep us healthy? Why do antibiotics often cause diarrhea? How can pathogenic bacteria cause diarrhea?
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Large Intestine



Mastery Series Answers



1. appendix, cecum, ascending colon, transverse colon, descending colon, sigmoid colon, rectum 2. immune functions 3. bacteria produce gases. If those gases get blocked off and trapped in the appendix, it can swell and become inflamed. Worst case, it ruptures. 4. Outpouches from weakened walls, usually in the descending colon. 5. A couple risk factors are is frequent bowel movement straining or frequent constipation. 6. Polyps or growths in the colon that may eventually metastasize. 7. Prevents fecal matter from moving back into the small intestine; prevents undigested wastes from entering the colon too rapidly. 8. sigmoid = “s” (in Greek); rectum = straight 9. prevent colonization by pathogens such as Salmonella, Listeria, or Clostridium difficile; prevent overgrowth of Candida albicans (fungus/yeast); produce some B vitamins (such as folic acid) and some Vitamin K. 10. Damage intestinal cells so that they don’t digest/absorb properly; kill off normal flora so that Clostridium difficile or other pathogens may cause diarrhea. 11. block water reabsorption in the colon
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The Liver and Carbohydrates Carbohydrates: Glucose and Fructose enter the liver via the hepatic portal vein. What happens to fructose? Generally, it is used by the liver for immediate energy. Excess fructose is stores as triglycerides in the liver or shipped off to adipose tissue for long-term storage. What happens to glucose? The liver uses what it needs immediately and lets some of it enter the blood to keep blood sugar stable. Excess is stored as glycogen in a process called glycogenesis; futher excess is stored as triglycerides in the liver (this process is called lipogenesis) or shipped off to adipose tissue. Between meals glycogenolysis is the process of breaking glycogen back into glucose molecules to be released into the blood to maintain blood sugar. Once glycogen stores are depleted, the liver can  



use fatty acids and amino acids to build glucose to maintain blood sugar. This process is called gluconeogenesis. use fatty acids to make ketone bodies, which can substitute for glucose as fuel. This process is known as ketogenesis. It appears that in some disease states, such as Parkinson’s Disease epilepsy, autism, and Alzheimer’s, the neurons of the brain need fuel and are not able to use glucose normally (due to insulin resistance?). In these cases, ketone bodies may be used as treatment and have seen some success. The liver can be stimulated to produce ketones by:  Fasting  Low-carb diet  Coconut oil  Butter



Chronically, an excess of calories in carbohydrate form may force the liver to become “fatty”. Longer spacing between meals and/or a temporary fast can stimulate lipolysis of this stored fat. If the liver becomes resistant to a hormone called insulin, it may continue to allow sugar to enter the bloodstream and blood sugar can become too high. Key Idea: The liver is critical in the maintenance of stable blood sugar. If blood sugar dips too low, the liver breaks down glycogen and puts more glucose in the blood.  



Insulin (a hormone from the pancreas) signals the liver to STORE glucose as glycogen so that blood sugar does not go too high. Cortisol (a hormone from the adrenal glands) signals the liver to MOBILIZE glucose into the bloodstream to raise blood sugar and deal with potential stress.
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The Liver, Part 1



Class Notes
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Mastery Series: The Liver and Carbohydrates 1. 2. 3. 4. 5.



6. 7. 8. 9. 10.



How do glucose and fructose get from the lumen of the intestine to the liver? What happens to fructose when it enters the liver? What happens to glucose when it enters the liver? What is fatty liver and what does a high-calorie, high-carbohydrate diet have to do with it? Define: a. glycogenesis b. glycogenolysis c. lipogenesis d. lipolysis What does insulin tell the liver to do? What might happen if the liver is “resistant” to insulin? Based on what you know about drug tolerance, what might have happened to the insulin receptors on a person’s liver if they are insulin resistant? What does cortisol tell the liver to do? Why might someone with too much cortisol in his blood be mistakenly diagnosed with diabetes?
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The Liver, Part 1



Re-Write Class Notes
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The Liver, Part 1



Mastery Series Answers



1. absorbed into capillaries in the submucosa, then enter the hepatic portal vein and go to the liver 2. *used immediately for ATP production; *excess converted into triglycerides which can be stored in the liver or shipped out to adipose tissue 3. *used immediately for ATP production; *excess converted into glycogen for storage in liver; further excess converted into triglycerides for storage in liver or shipped out to adipose tissue 4. Fatty liver is associated with a decline in hepatocyte function. A high-carbohydrate diet that is far excessive to caloric needs may lead to this. 5. a. glucose stored in long chains (usually taken out of the bloodstream to do this); b. glycogen broken back down into glucose molecules (usually then put into the bloodstream); c. fatty acids stored as triglycerides; d. triglycerides broken back down into fatty acids (and then usually put into bloodstream) 6. STOP glycogenolysis and lipolysis (so that glucose will not keep being added to bloodstream); START glycogenesis and Lipogenesis (so that glucose is removed from bloodstream and stored as glycogen) 7. Liver will keep putting glucose in the bloodstream, which raises blood sugar too high 8. Downregulated 9. START glycogenolysis and gluconeogenesis; STOP glycogenesis and Lipogenesis 10. Cortisol increases blood sugar output from liver.
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The Liver, Part 2 The Liver and Ammonia – Without the Liver You’d be Angry and Confused!  Ammonia (NH3) is a nitrogenous waste produced by amino acid metabolism.  The liver converts ammonia into the slightly less toxic substance urea.  Urea is then excreted by the kidneys.  Malfunctioning hepatocytes may allow ammonia to build up in the bloodstream, which can ultimately cause a patient with end-stage liver disease to have personality/behavior changes. The Liver and Plasma Proteins—Without the Liver You’d have Low Blood Pressure and Bleed to Death!  



Makes clotting factors, including fibrinogen Makes albumin, which is critical to maintaining blood pressure. Albumin is a big protein that “pulls” water toward it; we call this osmotic pressure. Albumin provides osmotic pressure in the blood vessels to keep blood pressure adequate.



The Liver and Iron Metabolism –Without the Liver You’d be Anemic!   



Stores iron Makes transferrin, a transporter for iron in the blood Makes hepacidin, a molecule that blocks iron absorption from the gut when levels of iron are high enough in the body



The Liver and Bile – Without the Liver You’d Have Jaundice and be Unable to Digest Fat! 



   



The liver helps break down old RBCs. It takes the leftover yellowish pigment of red blood cells (bilirubin) and conjugates it so that it dissolves in bile and the blood.  Some of this conjugated bilirubin is then released back into the bloodstream, where it is excreted by kidneys in urine. This makes urine yellow. It is called urochrome when measured in urine. Conjugated bilirubin leaves the liver as a component of bile (bile also contains bile salts, cholesterol) Bile is released from the gall bladder and liver when fat enters the duodenum. Bile helps emulsify fats, then the salts and some of the cholesterol are reabsorbed and reused. The conjugated bilirubin is converted into stercobilin and exits the body in feces. Any problems (blocked bile duct or inadequately functioning hepatocytes) that cause bilirubin to build up in the blood result in jaundice. UV light is sometimes prescribed for infants with jaundice because the UV light breaks down bilirubin.
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The Liver, Part 2



Class Notes
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Mastery Series: The Liver, Part 2 1. What does the liver convert ammonia into… and where does this less-toxic waste product then go? 2. What are the types of plasma proteins that I mentioned the liver making? 3. What is the primary role of albumin in the blood? 4. How does the liver regulate iron levels in the body? 5. What protein transports iron in the blood? 6. What is really the only way to lose iron from the body? 7. What is the name of the broken down heme pigment from old RBCs? 8. What does the liver do to this substance? And why does “conjugation” matter? 9. How is conjugated bilirubin excreted from the body (two ways)? 10. What stimulates bile release from the gall bladder? 11. What is the function of bile? 12. Summarize the notes of the previous pages into 5 liver functions. 13. Why does liver disease lead to confusion and irritability in patients? 14. Why does liver disease cause low blood pressure (or erratic blood pressure)? 15. Why does liver disease cause bleeding problems? 16. Why does liver disease cause anemia? 17. Why does liver disease/immaturity cause jaundice? 18. Why does a blocked bile duct cause jaundice?
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The Liver, Part 2



Re-write Class Notes
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The Liver, Part 2 1. 2. 3. 4. 5. 6. 7. 8. 9. 10. 11. 12.



13. 14. 15. 16. 17. 18.



Mastery Series Answers



urea; kidneys clotting factors (including fibrinogen); albumin osmotic pressure: pulls water in the blood vessels to maintain blood pressure it can block further absorption with hepacidin transferrin bleeding bilirubin conjugates it so that it can be soluble in blood and bile feces and urine fat entering the duodenum emulsifies fat (big droplets to little droplets)—this is mechanical digestion *regulates blood sugar levels; *converts ammonia into urea; *makes plasma proteins; *regulates iron levels in the body; *produces bile which emulsifies fat and gets rid of bilirubin ammonia builds up and affects neuronal signaling in brain albumin deficiency clotting factors deficiency iron deficiency unable to conjugate bilirubin *note: UV lights for infants helps break down bilirubin in the blood bile can’t leave liver
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The Liver, Part 3 The Liver and Lipoproteins  Approximately 80% of the cholesterol in your body is made by the liver. ~20% is from diet.  Excess carbohydrates in a meal are stored as triglycerides and packaged, along with some cholesterol, into transport proteins called Very Low Density Lipoproteins (VLDL).  The more lipid that is contained in a lipoprotein, the lower its density.  The liver also produces LDLs and other lipoproteins that vary in how much lipid they contain. High density lipoproteins (HDL) carry small amounts of triglycerides and cholesterol.  These lipoproteins circulate in the blood to carry cholesterol and triglycerides to body cells.  Structural uses (building more cells requires cholesterol)  Hormone production (testosterone, estrogen, and cortisol, for example)  Energy use (triglycerides are the favorite fuel of muscle cells, for example)  Long-term Storage (adipose tissue)  Because cholesterol may be associated with increased risk for CV disease, statins have been VERY popular in recent years. These drugs inhibit the liver’s ability to synthesize cholesterol.  Clinical trials show that these drugs may reduce risk of a second heart attack in some male patients. In patients without a previous heart attack, there is no significant evidence that statins prevent a heart attack. Statins increase the risk of diabetes and liver damage. The Liver Protects Against Invaders and Toxins  The liver detoxifies the blood from the intestines of possible toxins that were ingested.  The liver modifies most drugs that are taken orally.  Drugs will be modified in their “first pass” through the liver, and must be designed to still be active despite modification.  Drug dosing is based on how many “passes” through the liver a drug can make before it is deactivated completely.  Kuppfer cells are specialized macrophages that reside in the liver and prevent most pathogens from entering the bloodstream, even if they did manage to get into the submucosal blood vessels of the gut.  Well-known pathogens of the liver are the Hepatitis viruses  A: oral/fecal route  B: body fuids (sexually transmitted disease); blood-borne (tattooing, needle prick)  C: blood-borne (intravenous drug use or blood transfusions) The Liver and Vitamin Storage  



The liver stores fat-soluble vitamins: A, D, E, K Eating liver is like taking a powerful multi-vitamin
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The Liver, Part 3



Class Notes
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Mastery Series: The Liver, Part 3 1. 2. 3. 4. 5. 6. 7. 8. 9. 10.



What organ makes cholesterol for your body? What macronutrient is the main source of VLDL in the body? What makes a lipoprotein more or less dense? Why do you need cholesterol? How does a statin work? What are two documented side effects of statins? What does “first pass” mean when discussing the design of a drug? What does drug dosing having to do with passes through the liver? What are 3 types of Hepatitis and how is each primarily spread? Why is eating liver like taking a high-powered multi-vitamin?
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The Liver, Part 3



Re-write Class Notes
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The Liver, Part 3 1. 2. 3. 4. 5. 6. 7. 8. 9. 10.



Mastery Series Answers



liver carbohydrate amount of lipid compared to protein (more protein = more dense; more lipid = less dense) cell membranes, production of steroid hormones (estrogen, testosterone, progesterone, aldosterone, cortisol) By inhibiting the liver’s ability to synthesize cholesterol increased risk of diabetes and liver damage how the liver modifies a medication when it first enters through the hepatic portal vein determine how many times through the liver before the drug is inactivated; and therefore how frequently the drug should be given A: oral/fecal; B: body fluids and blood-borne (sexual contact and tattoos, piercings or needles); C: blood-borne (IV drug-users or blood transfusions) Stores A, D, E, and K; iron, choline, etc
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Selected Vitamins, Minerals, and Antioxidants Name



Function



Rich Sources



Vit. A



new cell growth for healthy skin, hair; vision in dim light; ANTIOXIDANT



Liver; leafy greens; yellow/orange veggies; dairy products; eggs



Vit. D



absorption of calcium for healthy bones/teeth; healthy immune system (well-known relationship with prevention of autoimmune disorders)



Liver; sunlight (only during summer months in WA); dairy products; eggs; salmon;



Vit. E



ANTIOXIDANT; healing of tissues



Liver; plant oils; wheat germ; leafy greens; avocados



Vit. K



blood-clotting; protein synthesis



Liver; dairy products; and dark green veggies



Vit. C (watersoluble)



ANTIOXIDANT; formation of collagen; healing; immune health; iron absorption



fresh fruits and veggies



Vit. B (watersoluble)



Many different vitamins necessary for the reactions of cellular respiration. Cells need these substances to make ATP. Examples: Thiamine, Riboflavin B12 (RBC production), Folate Prevents fatty liver



Meat and eggs; legumes and whole grains



Antioxidant



Dairy products and eggs



Calcium



Nerve, heart, bone health; weight stabilizer



Dairy products and dark leafy greens



Iron



Essential for Hemoglobin in RBCs



Meat; eggs; dark green veggies (eat with Vitamin C to better absorb it!)



Choline (B Vitamin) Glutathione



liver; egg yolks
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Mastery Series: Selected Vitamins, Minerals, and Antioxidants 1. Which Vitamins are fat-soluble and therefore stored in the liver? 2. What happens if you eat a fat-soluble vitamin in a meal with no fat? 3. Functions of Vitamin a. A b. D c. E d. K e. B’s f. Choline 4. Function of a. Choline b. Glutathione c. Calcium d. Iron 5. Your patient has iron-deficient anemia. Is the patient more or less likely to be: a. male or female? b. meat-eater or vegetarian? 6. Your patient has “scurvy” and you cure him with fruit. What deficiency did he have? 7. Your patient has rickets and his bones are too flexible. What deficiency did he have? 8. The patient with rickets avoids all sun. How is this related to his problem? 9. Your patient has fatty liver disease. What foods may he have been deficient in over many years?
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Vitamins, Minerals, Antioxidants



Mastery Series Answers



1. A, D, E, K 2. don’t absorb it 3. A: antioxidant important for neuronal health, vision, skin D: absorbing calcium; healthy bones/teeth; immune health; heart health; mood health E: antioxidant important in healing K: blood-clotting and protein synthesis B’s: cellular respiration/energy production choline: prevents fatty liver 4. choline prevents fatty liver; glutathione is an antioxidant; calcium is required for nervous signaling/muscle contraction/bone-building and seems to stabilize weight; iron is required for RBC formation (heme group contains iron and binds oxygen) 5. female; vegetarian 6. vitamin c deficiency 7. calcium and/or vitamin D 8. lack of vitamin D 9. eggs!; liver 
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Endocrine Organs and Their Products     



  







Endocrine organs make hormones. Hormones can regulate cellular activities. Hormones travel in the bloodstream to their target(s). Targets must have a specific receptor that responds to the hormone. Steroid hormones are made by the adrenal gland, the ovaries, and the testes. They include:  estrogen—made by the ovaries and occasionally by the adrenal gland  progesterone—made by the ovaries and occasionally the adrenal gland  testosterone—made by the testes and the adrenal gland  cortisol—made only by the adrenal gland  aldosterone—made only by the adrenal gland Steroid hormones are made from cholesterol. Most of the other hormones are made from amino acids. The main endocrine organs include: 1. Pituitary Gland: releases 9 hormones 2. Pineal Gland: releases melatonin 3. Thyroid Gland: releases thyroxine 4. Parathyroid Glands: releases parathyroid hormone 5. Thymus: releases thymosine 6. Adrenal Glands: releases aldosterone, cortisol, and testosterone 7. Pancreas: releases insulin (and a couple others we won’t discuss) 8. Ovaries: releases estrogen and progesterone 9. Testes: releases testosterone 10. Placenta (during pregnancy): releases progesterone The Renin-Angiotensin-Aldosterone System (RAAS) 1. Kidney releases renin 2. Renin cleaves angiotensinogen to angiotensin I 3. Angiotensin Converting Enzyme (ACE) converts AI to AII. 4. AII is a potent vasoconstrictor and increases BP.
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Mastery Series: Endocrine Organs and Their Products 1. 2. 3. 4. 5. 6. 7.



Name the 10 basic endocrine organs and their products. What is the difference between an endocrine and exocrine organ? Can an organ be both endocrine and exocrine? Give the most famous example. How can a hormone affect a particular cell? What is required for steroid hormone production? Where are steroid hormones made? Name the 5 main steroid hormones.
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Endocrine Organs; How Hormones Work



Mastery Series Answers



1. 10 endocrine organs and their products pituitary gland releases 9 hormones; pineal gland; thyroid gland; parathyroid gland; thymus; adrenal glands; pancreas; ovaries; testes; placenta 2. endocrine: product goes to blood (hormone); exocrine: product goes to surface (sweat, digestive enzymes, saliva, etc 3. yes; pancreas 4. the cell must have a receptor for the hormone to be able to influence its actions 5. cholesterol 6. adrenal cortex and the gonads 7. estrogen; progesterone; testosterone; aldosterone; cortisol
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Pituitary Gland Hormones 



“Releasing” or “inhibiting” hormones from the hypothalamus control the pituitary gland.



Endocrine Organ Pituitary Gland



Hormone Name Adrenocorticotropic Hormone (ACTH) Thyroid-Stimulating Hormone Follicle-Stimulating Hormone Luteinizing Hormone



Hormone Target Adrenal Gland



Growth Hormone



Most Cells; esp. bones/muscles Mammary Glands brain; reproductive organs Kidneys—collecting ducts of nephrons Melanocytes



Prolactin Oxytocin Anti-diuretic Hormone (ADH) MelanocyteStimulating Hormone



Thyroid Gland Ovaries/Testes Ovaries/Testes



Hormone Function Secretion of adrenal hormones Secretion of thyroxine Secretion of steroid hormones Secretion of steroid hormones Growth and repair Milk Production Bonding; milk letdown; uterine contractions Water reabsorption/retention Melanin production
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Pituitary Gland



Class Notes
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Mastery Series: Pituitary Gland 1. 2. 3. 4.



What organ controls the pituitary gland? How? How might stress alter control of the pituitary gland? Name the 9 hormones released from the pituitary gland. Give the target for:  ACTH  TSH  FSH  LH  GH  Prolactin  Oxytocin  ADH  MSH 5. Give the function for:  ACTH  TSH  FSH  LH  GH  Prolactin  Oxytocin  ADH  MSH 6. What does it mean for an organ to be a “target” of a hormone?
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Pituitary Gland



Re-Write Class Notes
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Pituitary Gland



Mastery Series Answers



1. hypothalamus via hormones and neuronal signals 2. hypothalamus is part of the limbic system 3. Adrenocorticotropic hormone; thyroid stimulating hormone; follicle-stimulating hormone; luteinizing hormone; growth hormone; melanocyte-stimulating hormone; prolactin; oxytocin; antidiuretic hormone 4. hormones and targets  ACTH: adrenal cortex  TSH: thyroid gland  FSH/LH: gonads  GH: everywhere, especially bones and muscles  prolactin: mammary glands  oxytocin: mammary glands, uterine smooth muscle, brain  ADH: kidneys, specifically the collecting ducts  MSH: melanocytes in skin 5. functions for  ACTH: stim adrenal cortex to release steroid hormones  TSH: stim thyroid gland to release thyroxine  FSH/LH: stim release of sex hormones from ovaries and testes  GH: growth and repair  Prolactin: milk production  oxytocin: milk letdown, labor contractions, orgasm, bonding  ADH: water reabsorption  MSH: pigment production 6. That is has a receptor for that hormone.
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Metabolic Gland = Thyroid Gland   















Pituitary Gland regulates the thyroid gland with TSH. Thyroxine regulates metabolism Targets all body cells  Increases energy use in all cells 1. Increase glucose consumption for ATP production 2. Increase fatty acid consumption for ATP production 3. Increase oxygen consumption for ATP production 4. Increase mitochondrial biogenesis for more ATP production Targets kidneys  Stimulates release of erythropoietin (EPO), a hormone that stimulates the bone marrow to make more RBCs Targets Cardiac Muscle  Increases Heart Rate and Blood Pressure A negative feedback loop regulates thyroxine levels in the blood  When thyroxine levels are adequate, there is inhibition of TSH from the pituitary gland.  When thyroxine levels are low, there is stimulation of TSH from the pituitary gland.  Hypothyroidism often is detected when TSH are high.



Hypothyroidism Pale Tired Cold Weight Gain Low HR, Low BP Dry Skin, Hair Loss Depression



Hyperthyroidism (Grave’s disease is typical cause) Flushed Agitated Hot Weight Loss Palpitations, High BP Exopthalmos (eyes bulge out) Irritability
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Thyroid Gland = Metabolic Gland



Class Notes
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Mastery Series: Metabolic Gland = Thyroid Gland 1. 2. 3. 4. 5.



Which organ regulates the thyroid gland? Targets of thyroxine include: 4 effects I listed for effects on virtually all cells Effect on Kidneys How does thyroxine’s effect on kidneys increase hematocrit (the percentage of blood that is RBCs)? 6. How does thyroxine affect the Cardiovascular System? 7. Why does someone with hypothyroidism often have a blood test result of elevated TSH? 8. For each symptom of hypothyroidism, give a reason based on thyroxine’s effects:  pale  tired  cold  Low HR and BP  dry skin, hair loss  weight gain  depression
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Thyroid Gland = Metabolic Gland



Re-Write Class Notes
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Thyroid Gland = Metabolic Gland



Mastery Series Answers



1. pituitary gland 2. most body cells; and specifically kidneys and cardiac muscle 3. *increase glucose consumption, fatty acid consumption and oxygen consumption for ATP production; increase number of mitochondria for more ATP production 4. stimulates release of erythropoietin 5. EPO causes bone marrow to make more RBCs, which increases hematocrit 6. increased heart rate and blood pressure 7. Pituitary gland produces more TSH when thyroxine is low 8. *pale due to low hematocrit *tired due to low hematocrit and low ATP production *cold due to low hematocrit and low ATP production (making ATP generates body heat) *because thyroxine increases HR and BP *dry skin and hair loss due to low metabolic activity in skin glands and hair follicles *weight gain due to low ATP production and slow use of energy stores *depression due to low metabolic activity in brain
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Stress Gland = Adrenal Gland   



ACTH from the pituitary gland controls the cortex of the adrenal glands. The adrenal medulla produces catecholamines (epinephrine) during fight or flight. The adrenal cortex requires cholesterol to make steroid hormones.  Adrenal cortex hormones include:  Aldosterone  Cortisol  Sex Hormones (primarily testosterone)



Hormone Aldosterone Cortisol



Target(s) Kidneys, especially the Distal Convoluted Tubule of the Nephrons Most Cells Liver Adipose Tissue



Testosterone



Most cells



Function Increase Na+ reabsorption/retention Decrease Inflammation Decrease Immune Activity Increase GlycogenolysisIncrease Blood Sugar Increase Lipolysis,Increase Blood Fatty Acids Masculine style of: hair growth; sex drive; muscle mass; bone density; fat storage; aggression/competition



Cushing’s Disease: Too much stimulation of the adrenal glands     



High Blood Sugar (too much cortisol) Redistribution of body fat: skinny legs, large belly, fat bump on back of neck (too much cortisol) Frequent illness, Poor Healing and/or increased risk of cancer (too much cortisol) High BP, accompanied by edema and “moon-shaped” face (too much aldosterone) Acne and facial hair (too much testosterone)
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Stress Gland = Adrenal Gland



Class Notes
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Mastery Series: Stress Gland = Adrenal Gland 1. 2. 3. 4. 5. 6.



7.



8. 9.



10.



11.



What organ controls the adrenal cortex? What stimulates the adrenal medulla? What does the adrenal medulla release during fight or flight? What 3 hormones does the adrenal cortex release? What building block is required for steroid hormone production? What is the target of:  aldosterone  cortisol  testosterone What are the functions of:  aldosterone  cortisol  testosterone What are the symptoms of Cushing’s Disease? For each symptom, describe why it would occur during Adrenal Overactivity:  High Blood Sugar  Acne and facial hair  Redistribution of body fat: skinny legs, large belly, fat bump on back of neck  High BP, accompanied by edema and “moon-shaped” face  Frequent illness, Poor Healing and/or increased risk of cancer When a person is under a lot of stress, they may have high blood sugar, high blood pressure, and frequent illness. Based on what you know about the hypothamic/pituitary gland connection and its control of the adrenal gland hormones, why is this occurring? When a female is under a great deal of stress chronically, she stops ovulating. Based on what you know about the hypothamic/pituitary gland connection and its control of the adrenal gland and the ovaries, speculate on why this may occur.
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Stress Gland = Adrenal Gland



Re-Write Class Notes
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Stress Gland = Adrenal Gland 1. 2. 3. 4. 5. 6. 7.



8. 9.



10.



11.



Mastery Series Answers



pituitary gland sympathetic neurons epinephrine and norepinephrine into the bloodstream aldosterone; testosterone; cortisol cholesterol *aldo: DCT of kidney tubules; *cortisol: most cells (and specifically liver and adipose); *testosterone: most cells Functions of a. aldosterone: increase salt and water reabsorption in kidneys (raises blood pressure) b. cortisol: increase blood glucose (stimulate liver to break down glycogen and make more sugar); increase blood fatty acids (stimulate adipose to break down fat and move it to the belly and back of neck); anti-inflammatory c. testosterone: masculine style of hair growth; acne; muscle mass; bone density; competition/aggression Cushing’s: thin limbs, large belly, mood face/edema; high blood sugar; high blood pressure for each symptom, why? a. high blood sugar: cortisol stimulates the liver to break down glycogen and add sugar to blood b. acne/facial hair: testosterone c. redistribution of body fat: cortisol stimulate lipolysis in the legs and then the fats settle back down, but in the highly cortisol-sensitive greater omentum d. high BP, edema, moon shaped face: aldosterone causes salt, water reabsorption and consequent high BP e. frequent illness, poor healing: cortisol depresses immune activity Limbic system stimulates the hypothalamus when we are under emotional stress. The hypothalamus then stimulates the pituitary gland to release ACTH, which causes overstimulation of the adrenal cortex. Possibly increased testosterone is suppressing reproductive activities in the ovaries; also stress in the hypothalamus would affect the release of FSH and LH from the pituitary gland, both of which are critical to a healthy reproductive cycle.
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Blood Sugar Regulation   











Glucose enters the bloodstream from the liver. Blood sugar needs to remain between ~100mg/dL to provide adequate glucose for the brain, but anything chronically higher than that damages blood vessels. Insulin from the pancreas lowers blood sugar by:  targets hepatocytes to take up glucose: stimulates glycogenesis and lipogenesis  targets muscle cells to take up glucose: stimulates glycogenesis and lipogenesis  targets adipose cells: stimulates lipogenesis and inhibits lipolysis Illness and stress (via cortisol), or steroid treatments (via Prednesone, etc) all raise blood sugar by:  stimulating the liver: increase glycogenolysis When not eating, the liver maintains adequate blood sugar by:  glycogenolysis  gluconeogenesis



Symptoms of low blood sugar (hypoglycemia, or insulin overdose) occur because the brain cannot function without a steady supply of glucose:     



shaky sweaty lethargic erratic/”drunken” behavior nausea



Two classic Symptoms of high blood sugar (hyperglycemia):  



Polyuria: frequent urination because the kidneys are attempting to flush out the glucose in urine Polydipsia: very thirsty because a lot of water is lost in the urine while the kidneys are flushing out the glucose
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Blood Sugar Regulation



Class Notes
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Mastery Series: Blood Sugar Regulation 1. 2. 3. 4. 5. 6. 7. 8. 9.



Which hormone lowers blood sugar? Which hormone raises blood sugar? If the liver and other organs are insulin resistant, what happens to blood sugar and why? If blood sugar is low, what processes should be going on in hepatocytes and muscle cells? If blood sugar is high, what processes should be going on in hepatocytes and muscle cells? What effect does stress or illness have on blood sugar? What effect does prednisone have on blood sugar? What effect does an insulin injection have on blood sugar? What are some symptoms of hypoglycemia?  Why are each of these symptoms occurring? 10. What are two symptoms of hyperglycemia (that I mentioned)?  Why are those two symptoms occurring? 11. Why would someone get dehydrated if they had chronically high blood sugar levels over several days? 12. Why could someone with insulin resistance have high blood sugar in the morning if they haven’t even eaten anything?
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Blood Sugar Regulation



Re-Write Class Notes
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Blood Sugar Regulation



Mastery Series Answers



1. insulin 2. cortisol 3. blood sugar rises inappropriately because glucose can’t enter the liver for processing; or enter muscle cells or enter adipose cells 4. glycogenolysis; gluconeogenesis; lipolysis; ketogenesis 5. glycogenesis; lipogenesis 6. increases it 7. increases it 8. lowers it 9. *lethargic and erratic/drunken behavior: low blood sugar effect on brain and muscles *shaky, sweaty, and nausea: due to sympathetic innervations in an attempt to handle the stress of low blood sugar 10. polyuria is increased urination due to high amounts of blood glucose; polydipsia is the resulting thirst caused by dehydration from polyuria 11. polyuria 12. corisol spikes in the early morning hours
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Diabetic Complications  







Type I diabetes is an autoimmune disorder in which the insulin-producing cells in the pancreas are destroyed by host WBCs. Type II diabetes is a lifestyle disease in which the cells of the body become resistant to insulin and the pancreas is unable to produce adequate amounts of insulin to keep blood sugar in a healthy range.  Some diabetics can halt and/or reverse their disease with exercise and dietary changes/weight loss.  Some diabetics eventually lose the ability to produce insulin and they must have insulin injections to control their disease. Symptoms may include: high blood sugar; weight loss (due to only using fat for fuel); polyuria; polydipsia; and polyphagia (because of weight loss).



Basic Problems of Ketoacidosis: Patient is dehydrated from polyuria; Patient is acidotic from ketones.  



The diabetic has high blood sugar which causes polyuria and dehydration  Dehydration makes hypovolemic shock/organ failure a risk Resistant cells are unwilling to take up blood sugar (they have down-regulated their insulin receptors)  Adipose cells engage in excessive amounts of lipolysis and the liver transforms these into ketone bodies (a substitute for glucose).  The liver makes too many ketone bodies from the unlimited supply of fatty acids.  Ketones make the blood acidic (breath may smell fruity from these ketones).  Patient will be breathing rapidly to try to “blow off” excess carbon dioxide (which will make the blood less acidic)



“Cure” for the Crisis? = Insulin injection 



Insulin inhibits lipolysis and ketogenesis and (a big enough shot) will force glucose out of the bloodstream and into the cells.



Chronic Complications from Diabetes: 







High blood glucose damages blood vessel walls  Cholesterol “spackles” injured areas; atherosclerosis may develop  Heart disease and stroke are more common in diabetics  blood supply to eyes and kidneys causes vision loss and kidney damage  damages to sensory nerve endings (elevated insulin levels contribute) leading to decreased sensation, especially in the feet. High blood sugar  Encourages pathogenic growth  results in poor wound healing



120



Diabetic Complications



Class Notes
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Mastery Series: Diabetic Complications 1. 2. 3. 4. 5. 6. 7. 8. 9. 10.



Theoretically, what is the simplest way to cause cells to become insulin resistant? Theoretically, what is the simplest way to cause cells to become insulin sensitive? What are the symptoms of ketoacidosis? What is the “cure” for ketoacidosis? What are the 2 big problems during ketoacidosis? Why does adipose tissue release too much fat, and the liver make too many ketones if a patient is very insulin resistant? What hormone increases blood sugar? ACTH is released in a burst from the pituitary gland around 4am. How would this affect blood sugar in the early morning hours? There are a wide variety of chronic complications to diabetes. What are they? Almost all of the chronic complications have the same cause, which is:
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Diabetic Complications



Re-Write Class Notes
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Diabetic Complications



Mastery Series Answers



1. high amounts of insulin over a long period of time (due to diet of excessive calories, especially in the form of carbohydrates) 2. keep insulin levels low 3. rapid breathing, ketones in urine, hyperglycemia 4. insulin 5. *dehydration from hyperglycemia and resulting polyuria and *acidosis from excessive ketogenesis 6. insulin normally inhibits lipolysis and ketogenesis; when organs are insulin resistant, then lipolysis and ketogenesis occur excessively 7. cortisol 8. elevate it 9. *heart disease/stroke; vision loss; kidney damage; poor wound healing; infection; neuropathy 10. damage to blood vessels
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Blood Functions and Types of Blood Cells Blood:  Is important in body temperature regulation  Has a tightly regulated pH of 7.4. A sample of blood typically contains:  ~55% plasma (water and small substances)  less than 1% WBCs  ~45% RBCs (this would be called the “hematocrit”) Red Blood Cells (Erythrocytes):  Are bright red when saturdated with oxygen  Erythrocytes are small and flexible enough to squeeze through capillaries single-file.  Lack a nucleus and rely on glycolysis for ATP production; live ~120 days  Are stuffed with Hemoglobin  The “heme” group contains iron.  Each hemoglobin can carry up to 4 oxygen bound to its heme group. White Blood Cells (Leukocytes)  Neutrophils  Most common circulating WBC (50- 70%)  Phagocytic  Granules kill pathogens with bleach and peroxide!  Eosinophils  Rare  Granules can fight worms and some fungi  Allergic responses  Basophils  Rare  Granules contain histamine and mediate inflammation and allergies  Resident basophil-like cells are called mast cells, found especially in respiratory mucosa.  Lymphocytes  20-40% of WBCs  majority concentrated in lymphoid tissue rather than circulating in the blood  T lymphocytes flag intruders; B lymphocytes make antibodies  Mediate “specific” immunity (e.g. to chickenpox, flu virus, etc)  Monocytes  Phagocytic  4-8%  Largest of WBCs  Once activated, become ravenous “macrophages” Platelets (thrombocytes): cell fragments that are an important player in hemostasis (blood clotting).
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Blood Functions and Types of Blood Cells



Class Notes
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Mastery Series: Blood Functions and Types of Blood Cells 1. 2. 3. 4. 5. 6. 7. 8.



Which type of blood cell lacks a nucleus? Which type carries oxygen? Which cell structure in blood is a cell but a fragment of a cell? List all 7 cells/cell parts found in blood. Which type of white blood cells have “granules”? Which type of white blood cells do not have granules? Which type of WBC is associated with long-term immunity? What is the function of each type of WBC?
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Blood Functions, Types of Blood Cells Re-Write Class Notes
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Blood Functions and Types of Blood Cells 1. 2. 3. 4. 5. 6. 7. 8.



Mastery Series Answers



RBC RBC platelets RBC, platelets, monocytes, lymphocytes, neutrophils, eosinophils, basophils neutrophils, eosinophils, basophils monocytes and lymphocytes lymphocytes neutrophils: bleach and peroxide fight most pathogens; eosinophils: granules inhibit parasitic worms and fungus (associated with allergies); basophils: granules contain histamine and cause inflammation (associated with allergies); monocytes: activate into ravenous macrophages and engulf foreign proteins and cells; lymphocytes: T and B cells specifically target and “remember” specific pathogens
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Hematopoiesis Occurs in red bone marrow of sternum, scapulae, and pelvis; as well as other places.  







Hematopoietic stem cells differentiate into lymphoid stem cells or myeloid stem cells Lymphoid Stem Cell differentiates into  T cells organize long-term immunity to pathogens  B cells make antibodies to recognized pathogens Myeloid stem cells differentiate into  Eosinophils, Basophils, and Neutrophils  Monocytes  Megakaryocytes (break apart into platelets)  Erythroblasts develop into erythrocytes over the course of 2-3 weeks  Normoblasts fill up with Hemoglobin  Reticulocytes have lost their nucleus and begin circulating  Erythrocytes have lost their ribosomes



136



Hematopoiesis



Class Notes



137



138



Mastery Series: Hematopoiesis “Blood Formation” 1. 2. 3. 4. 5. 6. 7. 8.



Where are new blood cells made? What are the two basic forms of hematopoietic stem cells? What can myeloid stem cells become? What can lymphoid stem cells become? What are the stages of erythrocyte development? How long does a RBC live? What gene is being rapidly transcribed inside an RBC before it ejects its nucleus? What mRNA is being rapidly translated inside a reticulocyte before it degrades its ribosomes? 9. Which stages of an erythrocytes develop actually circulate in the blood?
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Hematopoiesis



Re-Write Class Notes
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Hematopoiesis “Blood Formation” 1. 2. 3. 4. 5. 6. 7. 8. 9.



Mastery Series Answers



red bone marrow Lymphoid and myeloid stem cells eosinophils; basophils; neutrophils/erythrocytes/platelets T and B cells normoblast; reticulocyte; erythrocyte ~4 months hemoglobin hemoglobin reticulocyte and erythrocyte
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Erythropoiesis “Red Formation”  







Stimulated by erythropoietin (EPO) from kidney (which is stimulated by thyroxine and low blood volume) Anemia “no blood” may occur:  if there is a lack of iron (iron deficiency anemia)  a lack of Vitamin B12 (pernicious anemia)  Mutation in hemoglobin (sickle cell anemia)  hypothyroidism  occult “hidden” blood loss Polycythemia “too much blood” can occur  In blood doping
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Erythropoiesis



Class Notes
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Mastery Series: Erythropoiesis 1. 2. 3. 4. 5. 6. 7.



What hormone stimulates erythropoeisis? What two stimuli did I note stimulate the kidney to release EPO? What are the 5 ways I noted that anemia could develop? What do diet and the stomach have to do with pernicious anemia? What is polycythemia? How could blood doping lead to polycythemia? Why does a blood doper wait 2 or 3 weeks before giving themselves the transfusion? What was going on in his/her body during those weeks?
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Erythropoiesis



Re-Write Class Notes
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Erythropoiesis



Mastery Series Answers



1. 2. 3. 4. 5. 6.



erythropoietin (EPO) thyroxine and/or low blood oxygen/volume iron-deficiency; B12 deficiency; mutation in Hb; hypothyroidism; blood loss Stomach produces intrinsic factor which is necessary for B12 absorption “too many blood cells”—too many RBCs Blood doping is when a person draws their blood, refrigerates it for a couple of weeks, then transfuses it back into their body to increase their total RBC count (for an endurance athletic event). 7. During those weeks, the kidneys had responded to the loss of blood by increasing EPO production, which then increased RBC production back up to normal levels.
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Hemostasis—Blood Halt  Blood Clotting Requires  Platelets made in the bone marrow (Aspirin inhibits platelets from sticking together)  Clotting factors and fibrinogen made in the liver (in hemophilia, Clotting Factor VII is missing)  Vitamin K from stores in the liver (coumadin inhibits Vitamin K)  adequate blood calcium 1. Vascular Spasms: local vasoconstriction occurs immediately to reduce blood loss 2. Platelet Plug Formation:  Capillary damage activates platelets, causing the platelets to stick to each other (agglutination) and temporarily “plug” the damaged area.  Aspirin is a COX-inhibitor. COX is an enzyme necessary for platelet aggregation, so aspirin inhibits platelet aggregation.  Platelets are also responsible for clotting factors to work properly.  Thrombocytopenia is a lack of platelets. 3. Coagulation (requires 30 different chemicals!)—clot forms within ~5 minutes  Plasma clotting factors circulate until stimulated to initiate clotting through one of two pathways. The final result is always the same: formation of long strands of fibrin that act as a net to catch RBCs and stop blood loss.  Intrinsic: slower process, usually occurs due to venous stasis  Extrinsic: faster process, thanks to activation of tissue factor; usually more severe injury.  Common Pathway: After the intrinsic or extrinsic pathway, the last few steps are always the same:  Factor X activates prothrombin activator  Prothrombin activator converts prothrombin to thrombin  Thrombin converts fibrinogen to fibrin 4. Lysis of clot: Due to anticoagulants such as heparin. Fibrinolysis is the process by which plasmin degrades a clot. Excessive fibrinolysis can lead to bleeding diseases. TPA is sometimes used to bust clots during a stroke.    



Blood clotting can occur inappropriately when people are sendentary for too long. Blood that is not flowing well is more likely to form clots. Clots formed from venous stasis usually occur in the lower legs. These clots can break free, pass through the heart, and then get clogged in the pulmonary circulation.  Deep Vein Thrombosis may lead to a Pulmonary Embolism (PE).
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Hemostasis
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Mastery Series: Hemostasis—Blood Halt 1. What are the essential ingredients for blood clotting and where do each of these ingredients come from? 2. What are the 4 stages of blood clotting and lysis? 3. How does Coumadin work to inhibit clotting? 4. How does aspirin work to inhibit clotting? 5. What chemicals can break clots? 6. Compare the intrinsic and extrinsic clotting pathways. 7. What causes hemophilia? 8. Once Factor X is activated, how does fibrin clot eventually form? 9. What is venous stasis and why does it sometimes activate the intrinsic pathway? 10. What is a DVT? 11. How can a DVT result in a life-threatening acute emergency? 12. What is thrombocytopenia?
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Hemostasis
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Hemostasis “Blood Halt”



Mastery Series Answers



1. vitamin K: diet and stored in liver; calcium: diet and stored in bone matrix; platelets; made in bone marrow; clotting factors (including fibrinogen): made by liver 2. 1. vascular spasms 2. platelet clot 3. coagulation 4. lysis of the clot 3. Coumadin inhibits Vitamin K from its role in the synthesis and activation of clotting factors. 4. Aspirin is a COX-inhibitor. COX is an enzyme necessary for platelet aggregation, so inhibiting COX inhibits platelet plug formation. 5. heparin; plasmin; tissue plasminogen activator (TPA) is sometimes given to stroke patients to break up a clot 6. *Intrinsic: slower, involves more clotting factors, sometimes caused by slow-moving blood or inflammation within an un-damaged blood vessel *Extrinsic: faster, usually caused by damaged blood vessels 7. Missing one more clotting factors 8. Factor X activates prothrombin activator which converts prothrombin to thrombin. Thrombin converts fibrinogen to fibrin. 9. Venous stasis is when blood is pooled in extremities. The blood is moving slowly and that can cause platelets to activate. BTW, atrial stasis is when slow-moving blood pools in the right atrium. 10. Deep Vein Thrombosis is a clot that forms in an extremity, often due to venous stasis. 11. If any clot breaks free, it may become lodged somewhere else (called an embolism). If it lodges in the pulmonary vessels, it is called a Pumonary Embolism (PE). 12. Thrombocytopenia: too few thrombocytes. An autoimmune or allergic complication
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Heart Structure and Basic Circulation     



   



The right side of the heart receives blood from the systemic veins. Oxygen-poor blood enters the right atrium. The left side of the heart receives blood from the pulmonary veins. Oxygen-rich blood enters the left atrium. Blood in the atria enters the ventricles through the atrioventricular valves.  The AV valves are held closed by the chordae tendinae.  Incompetent valves may “regurgitate” and allow blood to flow backwards.  Bacteria from gingivitis can grow on these valves. Blood exits the ventricles through the semilunar valves. The right ventricle pumps oxygen-poor blood out the pulmonary artery. The left ventricle pumps oxygen-rich blood out the aorta. Valves in the heart prevent backflow. If a valve is not working properly, the heart has to work harder to compensate and can weaken over time.



The AORTA has many branches:    



The coronary arteries deliver oxygen-rich blood to the heart muscle. The Brachiocephalic artery delivers blood to the right arm and the right side of the brain. The left common carotid artery delivers blood to the left side of the brain. The left subclavian artery delivers blood to the left arm.



Beneath the diaphragm the aorta is called the ABDOMINAL AORTA. It too has many branches:     



The celiac trunk delivers blood to the liver, stomach and spleen. The superior mesenteric artery delivers blood to the small intestine and part of the large intestine. The renal arteries deliver blood to the kidneys. The gonadal artery delivers blood to the ovaries or the testes. The inferior mesenteric artery delivers blood to the large intestine.



The abdominal aorta branches at the bottom of the torso to form the COMMON ILIAC arteries.   



The internal iliac arteries deliver blood to the pelvic organs. The external iliac arteries deliver blood to the hips and then is called the Femoral arteries which deliver blood to the upper legs, and then is called



Blood drains from all these organs into veins which return to the right side of the heart.
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Mastery Series: Heart Structure and Basic Circulation 1. How many chambers does the heart have? 2. What is the difference between atria and ventricles with regard to:  size  where they pump blood  type of valve they pump blood through 3. What is the “flap” on the atria that hangs out a little? 4. What are papillary muscles important for? 5. What does tricuspid mean? Where is it found? 6. What does bicuspid mean? Where is it found? 7. What does mitral valve regurgitation mean is happening? 8. Why would a damaged or roughened/infected valve make the heart work harder? 9. Does the right or left ventricle pump first (hint: trick question)? 10. Does the right or left atria pump first? (hint: trick question)? 11. Do the atria or ventricles pump first? (not a trick question) 12. Is blood in the right side of the heart oxygenated or deoxygenated? 13. Is blood in the left side of the heart oxygenated or deoxygenated? 14. What does semilunar mean? Where are these types of valves found? 15. Where does blood in the right side of the heart come from? 16. Where does blood in the right side of the heart get pumped to? 17. Where does blood in the left side of the heart come from? 18. Where does blood in the left side of the heart pump to? 19. Starting with the aorta, list all the major blood vessels that come off of it in the thoracic cavity and where they deliver blood to. 20. Starting with the superior portion of the abdominal aorta, list all the major blood vessels that come off of it in the abdomen and where they deliver blood to.
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Heart Structure and Basic Circulation Mastery Series Answers 1. 4 2. atria smaller than ventricles; the atria pump blood down into the ventricles and ventricles pump blood up a large vessel (either the pulmonary trunk or the aorta); the atria pump blood through the atrioventricular valves and the ventricles pump their blood through the semilunar valves 3. auricle 4. holding atrioventricular valves closed during ventricular systole (pumping) 5. three flaps; between right atrium and right ventricle 6. two flaps; between left atrium and left ventricle 7. blood is flowing back up into the left atrium during ventricular systole. 8. It could allow blood to flow backwards, so each pump would be less efficient 9. they pump at the same time, but the left side is oxygenated blood heading to the aorta and the right side is deoxygenated blood heading to the lungs. 10. they pump at the same time 11. atria 12. deoxygenated 13. oxygenated 14. half-moon; between ventricles and large exiting vessels (pulmonary trunk or aorta) 15. drained blood from head, arms, torso and legs 16. lungs 17. lungs 18. head, arms, torso, legs 19. Starting with the aorta, list all the major blood vessels that come off of it in the thoracic cavity and where they deliver blood to.  Right and left coronary arteries—deliver blood to cardiac muscle  Brachiocephalic artery—right side of neck/head and right arm  Left common carotid artery—left side of neck/head  Left subclavian artery—left arm 20. Starting with the superior portion of the abdominal aorta, list all the major blood vessels that come off of it in the abdomen and where they deliver blood to.  Celiac trunk—delivers blood to stomach, liver and spleen  Superior mesenteric artery—most of the intestine  Renal arteries—kidneys  Gonadal arteries—testes or ovaries  Inferior mesenteric artery—last portion of colon
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Conduction System of the Heart Background: Some cardiac muscle cells are able to “decide” when they should beat (autorhythmicity). These cells are relays in the heart’s conduction system. Purpose: Ensure that the heart beats as a coordinated unit at a steady rate (~75 beats/minute). Of course, this rate can be modified by the autonomic nervous system (sympathetic or parasympathetic activity)—see below. 1) Sinoatrial (SA) node: pacemaker for the entire heart. Impulse spreads throughout atria to the 2) atrioventricular (AV) node. Then the atria contract. Next the impulse moves on to the 3) AV bundle (bundle of His), then down the 4) Bundle branches, and finally up the 5) Purkinje fibers: myocardium of the walls of the ventricles.—This final step causes the ventricles to contract from the apex upward, forcing blood out of the pulmonary trunk and the aorta. Damage to the SA node results in a slower than needed heart rate and sometimes is treated by installing an artificial pacemaker. Damage to the AV node is called a heart “block” because it effectively blocks the electrical signal from reaching the ventricles. The ventricles then beat at a slow 40-60 beats/minute. Arrhythmias: uncoordinated atrial and ventricular contraction Fibrillation: rapid uncoordinated shuddering of the heart. Heart is useless as a pump and leads to death unless a regular beat is quickly restored. Tachycardia: resting heart rate of greater than 100/minute. Bradycardia: resting heart rate of less than 60/minute. Modifying the Beat: The cardioacceleratory center of the medulla oblongata has neurons that project down the spinal cord to T1-T5. There they synapse with motor neurons of the sympathetic nervous system. The preganglionic neuron synapses with the postganglionic neuron in the cervical or thoracic sympathetic chain ganglia. From there, the postganglionic fibers run through the cardiac plexus the heart where they innervate the SA and AV nodes, the myocardium and the coronary arteries. Norepinephrine is released—causing increased heart rate and coronary vessel dilation. Electrocardiogram (ECG) AKA EKG (German “kardiac”)—“Electric writing of the heart” When impulses pass through the heart, electrical currents are generated that spread throughout the body. These impulses can be detected on the body surface and recorded. P wave: caused by depolarization of the atria; occurs immediately before atrial contraction QRS wave: depolarization of the ventricles; occurs immediately before ventricular contraction— during this time, the atria repolarize, although it is such a tiny blip it is masked by ventricular depolarization. T wave: repolarization of the ventricles A change in these waves can indicate heart problems. 168
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Mastery Series: Conduction System of the Heart 1. 2. 3. 4. 5. 6. 7. 8. 9. 10. 11. 12. 13. 14.



Name the 5 components of the conduction system. What is considered the “pacemaker” of the heart? Which chamber is the “pacemaker” found in? Describe parasympathetic stimulation of the SA node. Describe sympathetic stimulation of the SA node. What does it mean for cells to be “autorhythmic”? What “pace” would the SA node set the heart at without sympathetic or parasympathetic stimulation? What pace would the AV bundle set the heart at without input from above? What is heart block? What is WPW and how is it treated? What are ectopic foci? At what point do you think these generally benign areas could become dangerous? How does understanding the conduction system of the heart allow you to understand why the ventricles pump blood UP and OUT of the heart? What are the three prominent parts of an ECG? What does ECG stand for? How does EKG mean the same thing?
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Conduction System of the Heart



Mastery Series Answers



1. Sinoatrial Node; Atrioventricular Node; Atrioventricular Bundle; Bundle Branches; Purkinje Fibers 2. SA node 3. right atrium 4. a branch of the vagus nerve innervates the SA node and releases ACh onto muscarinic cholinergic receptors. This binding opens K+ channels on the muscle cells, which hyperpolarizes the cells and makes the time between action potentials (and thus beats) longer. 5. An autonomic nerve from the spinal cord synapses in the sympathetic chain ganglia. The postsynaptic fiber synapses on the SA node and releases NE which binds to beta 1 adrenergic receptors. This binding increases calcium availability which increases the number and strength of contractions. 6. They are able to generate an action potential and a contraction without a nerve telling them to! 7. 75 beats/minute 8. 40-60 beats/minute 9. When the AV node is damaged and the signal cannot reach the AV bundle. 10. renegade autorhythmic cells cause the heart to beat too rapidly. It is usually treated with a laser that destroys the inappropriately autorhythmic cells. 11. Renegade groups of cells that cause occasional extra beats. They could become dangerous if the cells made a complete circuit within one atria and didn’t let the signal continue down to the ventricles. 12. atria pump first, pushing blood downward. The ventricles begin contracting upward from the bottom, squeezing blood upward and out of the heart. 13. P wave represents atrial depolarization and causes the atria to contract. The QRS complex represents ventricular depolarization and causes the ventricles to contract. The T wave represents ventricular repolarization. 14. Electrocardiogram; kardio = heart in German
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Cardiac Cycle Note 2 important points: *blood flow through the heart is controlled entirely by pressure changes. *blood flows down a pressure gradient through open valves. 1. PHASE 1: Ventricular filling: mid-to-late diastole.  Pressure in left ventricle: LOW (almost zero mmHg)  small rise in atrial and ventricular pressure occurs during atrial systole.  Blood flow: moving through left atrium and into left ventricle.  Atrial systole occurs: provides last 20% of blood in ventricle.  Blood volume: rising in left ventricle. Reaches End Diastolic Volume (EDV); ~120 mL.  AV valves: OPEN  SL valves: CLOSED  Pressure in aorta: dropping (since blood is flowing away from heart); ~80 mmHg at its lowest. 2. PHASE 2: Ventricular systole  Isovolumetric contraction (“same volume”).  Pressure in left ventricle: RISES rapidly, slamming the AV valve shut (lub).  BOTH VALVES CLOSED because AV valve shut when pressure rose in ventricle; however, pressure in ventricle is not yet high enough to throw open the SL valve.  Ventricular ejection phase (blood leaves ventricle)  Pressure in left ventricle: Climbs a bit longer, then begins to drop as blood volume diminishes.  Blood flow: entering aorta  Blood volume: dropping in left ventricle. Reaches End Systolic Volume (ESV); ~50mL. EDV-ESV = Stroke Volume (SV); ~70mL  Ejection fraction = SV/EDV  AV valves: CLOSED  SL valves: OPEN  Pressure in aorta: rises as it is filled with blood (~120mmHg at its highest), then drops (along with ventricular pressure) as blood flows away. 3. PHASE 3: Isovolumetric relaxation: early diastole.  Pressure in left ventricle: dropping rapidly as ventricle walls relax. This allows the SL valves to close. Once again, briefly, BOTH VALVES CLOSED.  Blood flow: able to enter atria from pulmonary veins, but AV valve is still closed.  Blood volume: isovolumetric in ventricle.
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Cardiac Cycle
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Mastery Series: Cardiac Cycle 1. 2. 3. 4. 5. 6. 7. 8. 9. 10. 11. 12. 13. 14. 15. 16. 17. 18. 19. 20.



What are the three phases of the cardiac cycle? During which phase(s) is the ventricle in systole the whole time? During which phase(s) is the ventricle in diastole the whole time? Does the heart generally spend more time in systole or in diastole? Why would it be dangerous for perfusion (blood reaching tissues) if the heart pumped too fast? During which phase(s) does the ventricle push open the semilunar valve? During which phase(s) does the ventricle hold shut the AV valve? EDV stands for: In a heart at rest, EDV = ? ESV stands for: In a heart at rest, ESV = ? The heart achieves EDV at the end of which phase? The heart achieves ESV at the end of which phase? The equation for stroke volume is: In a heart at rest, SV = The equation for ejection fraction is: In a heart at rest, the ejection fraction should be: In an average healthy body, what is the pressure the left ventricle must achieve to open the SL valve? If the systemic arteries are constricted (as in hypertension), would the pressure to open the aortic SL valve be higher or lower? Why would a slow heart rate potentially increase EDV?
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Cardiac Cycle
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Cardiac Cycle 1. 2. 3. 4. 5. 6. 7. 8. 9. 10. 11. 12. 13. 14. 15. 16. 17. 18. 19. 20.



Mastery Series Answers



Ventricular Filling; Ventricular Systole; Isovolumetric Relaxation Ventricular systole ventricular filling and isovolumetric relaxation diastole If it pumped too fast, it wouldn’t have time to fill with blood. Pumping would be inefficient. Ventricular systole ventricular systole and part of isovolumetric relaxation end diastolic volume 120mL end systolic volume 50mL ventricular filling ventricular systole SV=EDV-ESV 70mL SV/EDV 58% 120mmHg higher more time to fill with blood
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Cardiac Output—“stretchy, strong, slow beaters are best at rest” Cardiac output (CO) = Heart rate (HR) X stroke volume (SV) CO = HR X SV Stroke Volume (SV) = volume of blood pumped by ventricle in one beat. Average is 70 mL/beat. CO at rest = 5.25L/minute Regulation of SV  Since we have ~5 L of blood in our body, ALL of our blood gets pumped through the heart every minute!  At rest, EDV (~120mL) – ESV (~50mL) = SV (~70mL)  Preload: Frank-Starling law of the heart states that preload is the critical determiner of SV.  Preload is the amount that the cardiac muscle fibers are stretched just before they contract.  Preload increases EDV, since a stretched heart can receive more blood (venous return). What is venous return?  Venous return = amount of blood returning to heart.  A person with a healthy heart is able to have a slow resting heart rate, which increases VR since there is more time for the heart to fill in between beats.  A person with a healthy heart can increase VR during exercise because the contracting skeletal muscles speeds up blood return through the veins.  Summary: increased VR increases preload which increases EDV. Increased preload increases CO.  Contractility: efficiency of the actin/myosin contractile units—primarily affected by calcium availability in the muscle fibers. Contractility decreases ESV by increasing SV. Increased contractility increases CO.  Thyroxine and epinephrine directly increase contractility.  Afterload: If someone has high blood pressure in his systemic arteries, the ventricle to build up to a higher pressure than 120mmHg to push open the SL valve. This can decrease SV because of the greater work the heart is forced to do. Decreased SV increases ESV. Increased afterload decreases CO. Regulation of Heart Rate  Sympathetic nervous system: norepinephrine binds to B1-adrenergic receptors; decrease threshold for action potentials; also increases calcium availability and thus contractility.  Parasympathetic nervous system: ACh increases threshold for action potentials.  Vagal tone: dominant influence on heart rate at rest is parasympathetic.  Hormones: epinephrine, thyroxine increase heart rate. Hypocalcemia: depresses heart rate (calcium is essential for synaptic transmission and muscle contraction) Hypercalcemia: increases heart rate and causes dysrhythmias (hyperexcitability of SA node and excess availability surrounding sarcomeres) Some heart medications work by increasing or decreasing calcium entry into muscle fibers. Hyperkalemia: lowers resting potential and thus can block action potentials altogether (in severe cases)—leading to cardiac arrest. In milder cases causes cardiac dysrhythmias.
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Cardiac Output
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Mastery Series: Cardiac Output 1. 2. 3. 4. 5. 6. 7. 8. 9. 10. 11. 12. 13. 14. 15. 16. 17. 18. 19. 20. 21. 22. 23. 24. 25.



The equation for CO is: Cardiac output in an average healthy heart is: The average adult has how many liters of blood in his body? The equation for SV is: The average SV for an adult is: The average EDV and ESV are: Define preload. Why does preload increase EDV? Define venous return. Why does increased VR increase EDV? Why is a stretchy heart best? Why is a stretchy, strong, slow-beating heart best at rest? Compare the ability of a fit heart to increase CO during exercise with an unfit/damaged heart during exercise. Define contractility. What ion increases contractility? What does high contractility imply about the health of heart muscle cells? Why does exercise increase venous return? What is afterload and why is it increased in hypertension? If someone has acidosis, they typically also have hyperkalemia. In severe cases, this can stop the heart. Why? Why is a beta blocker typically prescribed? How does a beta blocker work? How does a calcium channel blocker work? Which theoretically has more side effects: a beta blocker or a calcium channel blocker? Does cardiac output change? If your SV is 70 mL, and your heart rate increases from 75 beats/minute to 150 beats/minute, what is your new cardiac output?
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Cardiac Output 1. 2. 3. 4. 5. 6. 7. 8. 9. 10. 11. 12. 13.



14. 15. 16. 17. 18.



19.



20. 21. 22. 23. 24. 25.



Mastery Series Answers



CO=HR XSV 75X70 =5250mL (5.25L) 5L SV=EDV-ESV 70mL 120mL; 50mL the amount of stretch in the cardiac muscle cells at the end of ventricular diastole. the stretchier the cardiac muscle cells, the less they resist filling and allow more blood in before systole. amount of blood returning to right atrium each beat more blood available to fill ventricle *it allows good filling (for a high EDV); *it is prepared for a powerful, highly leveraged heartbeat it allows ample time for blood to fill and doesn’t resist the blood that is entering the ventricle. The strength gives an effective pump. A fit heart can increase HR as needed, and increase SV dramatically because the cardiac myocytes are strong. An unfit heart cannot pump much harder to effectively circulate more blood. It either has weaker cardiac muscle cells, or fewer (if some have died from damage). Even if a weak heart speeds up, it may not be effective at increasing SV dramatically. The fit heart can stretch to receive more blood (and then pump more with the next beat); a sick heart is not stretchy and fills inadequately. The strength of a cardiac contraction. Calcium good health Muscular contractions during exercise pushes blood up through venous valves to return more quickly to the heart. Afterload is the pressure that the left ventricle must overcome to open the semilunar valve and eject blood from the heart. It is increased in hypertension because the blood vessels throughout the body are resisting blood flow out of the heart. High extracellular potassium decreases the concentration gradient for K+ to leave cells. If potassium doesn’t leave cells, repolarization cannot occur. If the cell can’t repolarize, it won’t be able to fire another action potential. No action potential, no contraction. High blood pressure, congestive heart failure. It is meant to decrease the load on the heart by decreasing HR and force of contraction. It blocks the binding of NE to Beta1 adrenergic receptors on the SA node. It blocks the entry of calcium into the cardiac muscle cells. This prevents an increase in contractility. This should lower HR, blood pressure and decrease the load on the heart. calcium channel blocker, since there are so many more cells with calcium channels on them than with Beta 1 adrenergic receptors. YES! At rest, it is ~5L. CO = 70mL X 150beats/mL = 10500mL (10.5L) 191



Congestive Heart Failure: What Is It? Congestive Heart Failure (CHF): Blood circulation is inadequate to meet tissue needs.  Usually occurs gradually over many years, due to a weakening of the heart muscle as individual cells die or malfunction. The following factors often contribute to the development of CHF.  Coronary atherosclerosis: Clogging of coronary arteries with fatty buildup; leads to hypoxia of myocardium and therefore weaker contractions.  Persistent high blood pressure: Enhanced afterload begins and can lead to an elevated ESV (thus, lower stroke volume and cardiac output). The heart muscle hypertrophies to try and keep up with the workload, but eventually begins to weaken.  Multiple myocardial infarcts: Dead heart cells are replaced with scar tissue and heart weakens.  Dilated cardiomyopathy (DCM): ventricles enlarge as the myocardium becomes fatfilled. Hypertension “Silent Killer”: High blood pressure damages blood vessels  May lead to inflammation and atherosclerosis.  Atherosclerosis is often treated with an angioplasty.  High afterload in the heart from the hypertension gradually weakens the heart over time.  Damages organs, notably the heart, the kidneys, and the eyes. Heart Attack (Myocardial Infarction—MI)  Heart stops beating effectively and muscle cells become ischemic.  Sometimes they cells die during the ischemic event.  Dead cells are replaced with collagen fibers (scar tissue).  The heart loses some of its flexibility and ability to have a high preload.
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Congestive Heart Failure: What Is It?
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Mastery Series: Congestive Heart Failure—What Is It? 1. 2. 3. 4. 5.



Define Congestive Heart Failure. What are the symptoms a doctor may notice while examining a patient with CHF? What might the patient say about his/her difficulties? What types of Diagnostic tests are used for CHF? What are risk factors that may lead to CHF and why?
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Congestive Heart Failure: What Is It?



Re-Write Class Notes
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CHF: What Is It?



Mastery Series Answers



1. When the heart is unable to pump enough blood to meet cardiac output’s changing needs. 2. Jugular vein distention (edema); ascites (abdominal edema); swollen ankles (edema); S3 gallop (sloshing of extra fluid in heart); crackles in lung (pulmonary edema) 3. Tired, short of breath, gaining weight but no appetite (this is water weight), frequent urination (due to volume overload), have to sleep sitting up 4. X-ray (fluid accumulation/enlarged heart); echocardiogram (valve problems, decreased Stroke Volume, ejection fraction); blood tests (elevated BNP or other hormones indicating volume overload in the heart) 5. Hypertension—causes heart to work too hard with increased afterload; valve problems— allows backflow and makes heart work too hard; myocardial infarctions—previous heart attacks may have resulted in severe ischemia to muscle fibers resulting in collagen (scar) tissue replacing muscle fibers
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Congestive Heart Failure: Pathophysiology 



 











Typically caused by  Coronary artery disease  Hypertension  Valve damage Which then  Decreases Stroke volume and Cardiac Output Compensations include  Increased heart rate  Structural Changes  Dilated Cardiomyopathy: heart gets bigger but gradually loses its leverage  Hypertrophic Cardiomyopathy: heart gets thicker but gradually gets stiffer  Kidneys sense low cardiac output  Release renin, which results in a rise in Angiotensin II. Angiotensin II stimulates release of aldosterone from the adrenal cortex.  Aldosterone results in salt and water reabsorption/retention in the kidney, causing Volume Overload Volume Overload  pulmonary congestion is caused by left heart failure—traffic jam of backed-up blood waiting to enter poor-pumping left heart increases pressure in lungs and causes plasma to enter tissues (pulmonary edema). Think LEFT = LUNGS  systemic congestion is caused by right heart failure—traffic jam of backed-up blood waiting to enter poor-pumping right heart causes peripheral edema.



Treatment typically consists of medications to decrease blood pressure and lessen the load on the heart. Diuretics (water pills), beta blockers, calcium channel blockers, etc. may be prescribed.
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Congestive Heart Failure: Pathophysiology
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CHF: Pathophysiology



Mastery Series



1. 2. 3. 4. 5. 6.



What typically can cause CHF? What are three compensations the body uses to try and increase CO? What is the “cost” of increasing HR? What is the “cost” of getting thicker? What is the “cost” of getting bigger/thinner? What is the “cost” of stimulating the Renin-Angiotensin-Aldosterone system to increase cardiac output? 7. How does volume overload cause edema? 8. Where are typical places fluid overload is noticed? 9. Compare the symptoms of right-side heart failure with those of left-side heart failure.
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CHF: Pathophysiology



Re-Write Class Notes
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CHF: Pathophysiology



Mastery Series Answers



1. Hypertension--increased afterload wears out heart); CAD (coronary artery disease)— ischemia and possible myocardial infarctions reduce the number of healthy muscle fibers; valve problems—allow regurgitation and overwork the heart 2. Increased heart rate; structural changes in the heart muscle; fluid retention controlled by the kidney 3. Decreased filling time 4. Gets stiffer and less room for blood 5. Overstretches to the point that leverage for pumping begins decreasing 6. Fluid retention that causes edema 7. Volume overload causes pressure to increase in capillaries and veins, resulting in more fluid seeping out into the tissues. 8. Jugular vein distention; Liver congestion; Ascites; Swollen ankles; Pulmonary edema 9. Right side failure means fluid is backing up in the systemic circulation, so swelling and edema may occur: in the liver, ankles, abdomen, and jugular vein. Left-side heart failure causes fluid to back up in the lungs while it “waits” to enter the left side of the heart, so pulmonary edema results.
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Congestive Heart Failure: Treatment 















  



Treatment Goals  Reduce Volume Overload  Reduce workload of the heart Can the heart be fixed?  Valve repair or replacement  CABG  Pacemaker  VAD  Heart transplant Can the burden on the heart be lessened?  Decrease fluid overload (monitor for K+ imbalances)  Decrease blood pressure (monitor for hypotension) Diuretics  Increase urine output and decrease fluid overload; always monitor for hypotension and kidney stress (monitor serum creatinine)  Thiazides and loop diuretics  Monitor for hypokalemia  K+-sparing diuretic  Monitor for hyperkalemia Beta-Blockers: block binding of NE to B1 adrenergic receptors—decrease HR and contractility ACE Inhibitors: block formation of AII and lower blood pressure via vasodilation and a decrease in aldosterone (ACE = Angiotensin Converting Enzyme) ARBs (Angiotensin Receptor Blockers) decrease AII activity by blocking AII receptors
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Congestive Heart Failure: Treatment
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Mastery Series: Congestive Heart Failure—Treatment 1. What are the goals of CHF treatment? 2. How might the following improve heart function? a. Valve replacement b. Heart transplant c. VAD d. Pacemaker 3. Why would patients on Beta Blockers or ACE inhibitors for CHF need to monitored for hypotension? 4. Why would patients on diuretics need to monitored for electrolye imbalances? 5. Why might thiazides and loop diuretics cause hypokalemia? 6. Why might K+-sparing diuretics cause hyperkalemia? 7. How do each of the following work? a. ACE inhbitors b. ARBs c. Beta Blockers
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Congestive Heart Failure: Treatment
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Congestive Heart Failure—T reatment Mastery Series Answers 1. Reduce fluid overload and workload on the heart 2. How might the following improve heart function? a. Valve replacement—reduce workload b. Heart transplant—improved pumping action c. VAD-improved pumping action d. Pacemaker-improved conduction system and pumping action 3. Because these medications lower BP and could lower it too far. 4. Because if they encourage fluid loss from the kidneys, too many electrolytes will also be lost. 5. The kidneys do not have a mechanism for K+ reabsorption/retention in the kidney; thus, increasing fluid loss will decrease K+. 6. These diuretics might cause the body to retain too much K+. 7. How do each of the following work? a. ACE inhbitors—block formation of AII. AII normally raises BP, so ACE inhibitors lower BP. b. ARBs—Angiotensin Receptor Blockers block AII effects. Since AII normally raises BP, ARBs lower BP. c. Beta Blockers—block NE from binding to Beta 1 adrenergic receptors on the heart. Since NE normally raises HR, and CO—thus increasing BP, Beta Blockers decrease BP.
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Blood Vessel Types ARTERIES: Carry blood AWAY from heart; all except the pulmonary arteries are oxygenated. PURPOSE: DELIVERY  elastic conducting—aorta and major branches  muscular distributing--most of the “named” arteries that lead to individual organs.  arterioles—smallest arteries, MOST important in blood pressure regulation. Arterioles control the amount of blood that perfuses a particular organ. Arterioles constrict or dilate largely due to control from the sympathetic nervous system.  Arteries have the following key structures:  Lumen: blood-containing space (analogous to the lumen in the GI tract)  Tunica intima “intimate coat”:  “intimate” with lumen  endothelium—simple squamous epithelial cells  capillaries consist only of this layer  Tunica media “middle coat”: smooth muscle cells that are critical in regulating blood flow to organs. The thick muscle of arteries prevents rupture due to high pressures.  vasoconstriction: reduction in lumen size  vasodilation: increase in lumen size  Tunica externa “outer coat”: collagen fibers  Blood pressure in aorta: ~120/80mmHg. Blood pressure drops continuously from here until it finally gets back to the right side of the heart (at which point, pressure is ~3mmHg)  Blood pressure at the start of the arterioles: ~50mmHg CAPILLARIES: smallest blood vessels where gas, nutrient and waste exchange occurs. PURPOSE: DIFFUSION  Capillaries are unique from other vessels because:  They are composed of only a tunica intima. This is ideal for rapid and effective diffusion of gases and nutrients.  They are organized into capillary beds: “microcirculation”. An organ is typically perfused with many capillary beds, each supplied by one or more arterioles.  Blood pressure in capillaries: ~35 mmHg at the start 15mmHg at the end of a cap. bed VEINS: collect blood from capillary beds and carry it blood TOWARD the heart; all except the pulmonary veins are deoxygenated. PURPOSE: DRAINAGE  Veins are unique from other arteries and capillaries because:  They have extremely low blood pressure (between 1 and 15 mmHg). They contain valves to prevent backflow since the pressure is so low.  When these valves are damaged, the veins may enlarge or protrude in a condition known as varicose veins.  They require skeletal muscular contraction to adequately return blood to the heart. Blood pressure drops as it moves away from the heart: left side of heartarteriesarteriolescapillariesvenulesveinsright side of heart
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Mastery Series: Blood Vessel Types 1. 2. 3. 4. 5. 6. 7. 8. 9. 10. 11. 12. 13. 14.



What are the three main kinds of vessels? How are arteries and veins similar? How are they different? Which has a higher blood pressure—a capillary or a vein? Why do veins need valves? Why don’t arteries need valves? What are the three layers that blood vessels may have? Which type of vessel exerts the greatest control over blood pressure? Which would happen to the lumen size of an arteriole leading to the nephrons during fight or flight? What would this do to systemic blood pressure? What would this do to blood flow through the kidney? What would this do to urine output? What would happen to the lumen size of an arteriole in a skeletal muscle being used during fight or flight? What happens to arterioles in the face during embarrassment? Shock? What layer of the arteriole controls the lumen size? What neurotransmitter controls lumen size of virtually all vessels? Why are veins more at risk of stasis (and subsequent clotting) than arteries? What is the typical blood pressure in the aorta? In an arteriole? In a capillary? In a vein?
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Blood Vessel Types 1. 2. 3. 4. 5. 6. 7. 8. 9. 10. 11. 12. 13. 14.



Mastery Series Answers



arteries, capillaries, and veins. Similar: both have same layers; differences: veins have thinner tunica media and valves Capillary Extremely low blood pressure Relatively high blood pressure Tunica intima, tunica media, tunica externa Arterioles Constrict; raise; lower; lower Dilate Dilate; constrict Tunica media NE Lower blood pressure 120/80; 55mmHg; 35mmHg; 15mmHg or less
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Blood Pressure Introduction Blood pressure = Cardiac Output X Peripheral Resistance  



CO is affected by how fast your heart goes and how much blood it fills with each beat. Peripheral Resistance is affected by three things:  Vasoconstriction (how small the lumen is) By decreasing lumen size, blood flow goes DOWN to that area, and so systemic blood pressure goes UP. Controlled by smooth muscle constriction of arterioles.  Viscosity (thicker blood resists flow more than thinner blood)—primarily affected by hydration levels  Length of the vessel. As your body gets more vessels, it takes more pressure to push blood all the way around the circuit. The main way this changes is if we gain body fat.



Systolic pressure: 120 mmHg is enough pressure to get the blood all the way around the body and back to the right atrium (blood flows down a pressure gradient). Diastolic pressure: 80 mmHg MAP (Mean Arterial Pressure): This is one number that averages blood pressure. 93mmHg is the MAP if blood pressure is 120/80. As this number drops, concern rises as to whether organs are getting adequate blood flow. Shock: inadequate blood flow to organs deprives them of oxygen and nutrients. If not corrected, this can lead to organ failure. 1. Hemorrhagic Shock: due to blood loss 2. Hypovolemic Shock: due to volume loss (blood or water) 3. Cardiogenic Shock: due to heart failure 4. Anaphylactic Shock: due to allergy-caused inflammation that causes “leaky” blood vessels and swelling of larynx 5. Septic Shock: due to pathogenic-caused inflammatory response and leaky blood vessels
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Blood Pressure Introduction



Class Notes
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Mastery Series: Blood Pressure Introduction 1. Give the equation for determining Cardiac Output. 2. Give the equation for determining Blood Pressure. 3. If an arteriole to the GI tract constricts, a. what happens to blood flow through that organ? b. What happens to systemic blood pressure? c. Would this constriction occur during digestion or during fight or flight? 4. Compare the use of systolic/diastolic blood pressure, and MAP in evaluating a patient’s overall health. 5. Of the factors affecting peripheral resistance, which changes moment to moment? Which changes hour to hour? Which changes year to year? 6. During fight or flight, blood flow to the heart and lungs and skeletal muscles needs to remain high. This requires arteriole dilation to these areas. How then does the body maintain adequate blood pressure during fight or flight (confine your answer to blood vessels)? 7. Describe the 5 kinds of shock and give an example of each. 8. Two types of shock are quite similar. So are another two. Group them according to these similarities. Which one is left unique from the others? Basically, if you think of shock as a problem with a pump system, shock can be caused by THREE “plumbing” problems—what are they?
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Blood Pressure Introduction



Re-Write Class Notes
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Blood Pressure Introduction



Mastery Series Answers



1. 2. 3. 4.



CO = HR X SV BP = CO X PR a) decreases; b) increases; c) fight or flight (sympathetic stimulation) Systolic/Diastolic tells you how hard the hard is pumping and how much it relaxes in between pumps. MAP tells you how adequately organs are being perfused. 5. Lumen size; viscosity; length 6. The arterioles to the GI tract, urinary system, skin and unused muscles constricts 7. Hypovolemic: dehydration or blood loss; hemorrhagic: blood loss; cardiogenic: heart attack; anaphylactic: allergic reaction causes massive vasodilation from inflammation; septic: pathogenic infection causes massive vasodilation from inflammation
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Regulation of Blood Pressure Neural Controls of BP 1. Vasomotor Center and Cardioregulatory Centers of the Medulla Oblongata a. vasomotor center receives information from hypothalamus; and receives sensory information from organs. It controls constriction of arterioles via sympathetic fibers leaving the thoracolumbar region of the spinal cord. i. If blood pressure is low, the vasomotor center causes sympathetic action potentials to constrict arterioles in the skin, kidneys, GI system and reproductive organs. ii. If blood pressure is high, the vasomotor center causes sympathetic action potentials to dilate arterioles in the skin, kidneys, GI system and reproductive organs 2. Baroreceptor Reflexes a. high blood pressure stimulates stretch receptors found on aortic arch and carotid bodies send more frequent signals to medulla: i. inihibits vasomotor center and cardioacceleratory center ii. Stimulates cardioinhibitory center 3. Chemoreceptor reflexes a. low oxygen or pH; high carbon dioxide stimulate these receptors (also located on aortic arch and carotid bodies) to send signals to medulla: i. stimulate cardioacceleratory center and vasomotor center 4. Hypothalamic controls always affect the Medulla’s regulation of HR and BP, depending on body temperature, emotional state, and circadian rhythms. Hormonal Controls of BP 1. Adrenal Medulla releases Epinephrine and Norepinephrine when stimulated by sympathetic fibers. These hormones directly increase vasoconstriction and heart rate and stroke volume, thus they Increase Blood Pressure. 2. Natriuretic peptides (ANP and BNP): released from heart when pressure is high, these hormones block aldosterone to allow salt and water loss from kidney. Decrease Blood Pressure. 3. ADH (vasopressin): stimulates water retention by kidneys—released by pituitary during dehydration or low BP. Increase Blood Pressure 4. Renin-Angiotensin Aldosterone System (RAAS): When Blood Volume or Pressure through the kidneys is low, the kidneys release renin. a. Renin converts Angiotensinogen to Angiotensin I. b. Angiotensin Converting Enzyme (ACE) converts AI to AII. c. AII causes: i. Potent vasoconstriction—BP increases because TPR increases. ii. Stimulates the pituitary gland to release ADH—targets kidneys and causes water reabsorption. Increase blood volume causes increased blood pressure. iii. Stimulates the adrenal cortex to release aldosterone—targets kidneys and causes salt reabsorption. Water follows salt into the blood vessels and increases blood volume and thereby increases blood pressure.
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Mastery Series: Regulation of BP 1. 2. 3. 4. 5. 6. 7. 8. 9. 10. 11.



12. 13. 14. 15. 16.



17. 18.



Which region of the brain monitors and regulates blood pressure? Which part of the brainstem monitors and regulates blood pressure? Which part of the medulla regulates heart rate? Which part of the medulla regulates blood pressure? Essentially, these are reflexes. If blood pressure is too low, how will the medulla respond (consider both cardioregulatory and vasomotor centers)? If blood pressure is too high, how will the medulla respond (again, consider both cardioregulatory and vasomotor centers)? How can the limbic system affect blood pressure? What hormones can lower blood pressure by stimulating the kidney to lose salt and water? Under which circumstances would these hormones be secreted? What hormones can raise blood pressure? Consider where each of these hormones comes from, what the stimulus is for its release, and what its target is. Describe in detail the RAAS. How would each of the following medications lower blood pressure (consider the equation BP = CO X PR a. Beta blocker b. ACE inhibitor c. Aldosterone antagonist d. Calcium channel blocker e. Diuretics How can ACTH ultimately raise blood pressure? Trace its whole path. If blood flow through an arteriole is decreased, is the arteriole most likely in a constricted or dilated state? If blood flow through an arteriole is decreased, is blood flow greater or lesser in the organ the arteriole is leading to? If blood flow through an arteriole is decreased, what happens to systemic blood pressure? During fight or flight (sympathetic stimulation), are arterioles to the a. Kidneys constricted or dilated b. Heart constricted or dilated c. Large skeletal muscles constricted or dilated d. GI organs constricted or dilated Which neurotransmitter mediates blood vessel constriction and dilation? How can one neurotransmitter cause some blood vessels to constrict, and others to dilate?
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Regulation of Blood Pressure 1. 2. 3. 4. 5.



6.



7.



8. 9.



10.



11.



12.



13. 14. 15. 16. 17. 18.



Mastery Series Answers



Brainstem Medulla oblongata Cardioregulatory center Vasomotor centers Cardioacceleratory center: Fire action potentials down spinal cord; sympathetic neurons will then exit spinal cord, synapse on SA node (releasing NE onto B1 adrenergic receptors) and speed up heart and increase its force of contraction. Vasomotor center: Fire action potentials down spinal cord; sympathetic neurons will then exit spinal cord, synapse on blood vessels and cause constriction of blood vessels leading to GI system, urinary system, and skin Cardioinhibitory center: Fire action potentials down vagus nerve; parasympathetic neurons will synapse on the SA node and slow the heart down and decrease force of contraction. Vasomotor center: Fire action potentials down spinal cord; sympathetic neurons will exit spinal cord, synapse on blood vessels and cause dilation of blood vessels leading to GI system, urinary system and skin Heightened emotions can cause the hypothalamus to override the medulla oblongata and increase or decrease blood pressure (increase if the emotions are excited; decrease if the emotions are relaxed) natriuretic peptides (released from heart if blood pressure is high) Angiotensin directly constricts blood vessels and stimulates release of ADH (which targets collecting ducts of nephrons to increase water reabsorption); and AII also stimulates release of Aldo (which targets (particularly) the DCT of the nephrons to increase salt reabsorption). Epinephrine constricts blood vessels; thyroxine increases BP by increasing HR. Low blood volume/blood pressure in the kidney triggers the kidney to release renin. Renin converts circulating Angiotensinogen into Angiotensin I. ACE converts AI →AII. AII does three things: 1. Causes vasoconstriction; 2. Stimulates release of ADH from posterior pituitary gland; 3. Stimulates release of Aldo from adrenal cortex a) blocks NE effects on HR and contractility (thus lowers CO); b) blocks formation of AII (thus lowers PR); c) blocks Aldo’s effects on Na+ reabsorption (lowers PR); d) blocks entry of calcium into cardiac cells (lowers CO); decrease fluid volume (lowers PR). Pituitary gland releases ACTH which stimulates release of steroids (including aldo) from the adrenal cortex. Aldo stimulates DCT of nephrons to reabsorb more Na+. Water follows salt, so fluid volume raises. Increased fluid increases BP. Constricted Decreased blood flow through the organ Increases a) constricted; b) dilated; c) dilated; d) constricted primarily NE different receptors. Skeletal blood vessels often have B2 adrenergic receptors and dilate during fight or flight; skin blood vessels often have alpha adrenergic receptors and constrict during fight or flight 243



Upper Respiratory Tract Structures involved: 1. nose and nasal passages 2. pharynx 3. larynx 4. trachea conducting zone—all other structures air passes through until they reach the respiratory zone, which is the actual sites of gas diffusion between lungs and blood—begin at respiratory bronchioles (microscopic). Nose and nasal passages (speed of air flow is decreased by the nasal conchae): 1. clean air 2. moisten air (humidify it) 3. warm air (as it passes through turbinates it reaches body temperature) Homeostatic imbalances: Cold viruses, Streptococcal bacteria can cause “rhinitis” –cold symptoms; sometimes continues down respiratory tract or into the paranasal sinuses. The auditory tubes (eustacian tubes) open from the middle ear into the nasopharynx; this is critical for pressure equalization. However, it also can allow middle ear infections after a cold. The tonsils help trap and prevent infection. The Larynx (Voice Box) 1. Protected by elastic cartilage called the epiglottis, which blocks food from entering trachea 2. Voice production Structure of larynx: *9 cartilages (all hyaline except epiglottis, which is elastic cartilage) *Thyroid cartilages are largest; found on anterior surface (palpate as “Adam’s Apple) --testosterone during puberty increases size *cough reflex stimulated if solid or liquid enter larynx (doesn’t work when unconscious!) *true vocal cords (elastic connective tissue) produce sound *stratified squamous epithelium above the larynx; ciliated columnar below Voice Production: Muscles on the cartilages of the larynx can change the tension and length of the vocal cords to produce sounds of different pitch (wide opening for deep tones and narrow opening for highpitches) *testosterone during puberty increases the length and thickness of cords—this causes them to vibrate more slowly (deeper sounds) Homeostatic imbalance: Laryngitis: swollen vocal cords
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Mastery Series: Upper Respiratory Tract 1. What is the difference between a conducting zone structure and a respiratory zone structure? 2. What structure defines the border between the upper respiratory structures and the lower respiratory structures? 3. What are the three kinds of tonsils? Which ones are most associated with sleep apnea snoring and ADHD? 4. What is the purpose of the eustacian tube? How is it related with middle ear infections? 5. What is the purpose of sinuses in the skull? How are they related with respiratory infections? 6. What is the purpose of the uvula? 7. What is the purpose of the epiglottis? 8. What is laryngitis? 9. Which tonsils are typically removed in a tonsillectomy? Why is this procedure done? What bacteria may be colonizing these tonsils? 10. How could Streptococcus pyogenes be always colonizing the tonsils, but a person rarely has symptoms of Strep Throat?
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Upper Respiratory Tract



Mastery Series Answers



1. conducting zone carries air; respiratory zone exchanges gases with blood 2. larynx 3. enlarged adenoids are most associated with sleep apnea; palatine tonsils are most commonly removed—at the back of your throat (sometimes you can see this if they are swollen); lingual tonsils are under the tongue (when I’m sick these ones swell on me and become painful) 4. equalizes pressure between the outside pressure and the middle ear; because it opens into the back of the throat, pathogens can enter the middle ear from the throat. 5. Lighten the skull; perhaps increase resonance in the voice; they drain into the nasal passages, so pathogens can enter them from the nasal passages. 6. Moves upward when we swallow to keep food from going into your nasal passages—unless you want to be silly and make a pea come out your nose. 7. Moves downward when you swallow to prevent food from entering the trachea 8. Inflammation of the larynx (specifically the vocal cords of it) 9. Palatine; sometimes done if Streptococcus pyogenes is a persistent colonizer. Removing the tonsils removes the “home” S. pyogenes had and prevents further Strep throat infections. 10. Low levels, only begins multiplying invasively during times of suppressed immunity.
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Lower Respiratory Tract The Bronchi and Subdivisions (Bronchial tree): Right and left primary bronchi (level of T7) Right bronchus is shorter and more vertical—common site of lodged object The right bronchus branches into three secondary bronchi (each supplies a lobe of a lung) The left bronchus branches into two secondary bronchi (only 2 lobes in left lung) This branching occurs a total of 23 times! Bronchioles are branches smaller than 1 mm. The last branches are called “terminal” bronchioles. As the branches become smaller, there is less cartilage and less cilia. Respiratory Zone Structures: Terminal bronchioles supply respiratory bronchioles with air. Respiratory bronchioles lead into alveolar ducts, which lead into alveolar sacs (one alveolar sac is a cluster of alveoli). Alveoli are very thin—a single layer of simple squamous epithelium. Alveoli anatomy: Covered with pulmonary capillaries Respiratory membrane = simple squamous + endothelial cells of capillary Easy movement of gases by diffusion Surfactant (Type II) cells secrete surfactant, which decreases surface tension in the alveolus to prevent collapse.  Premature infants may not produce enough surfactant and have difficulty getting enough oxygen. Alveolar macrophages crawl around and keep surfaces sterile. So many macrophages are there, that ~2 million/hour are used up (aging and dead macrophages). The Lungs and the Pleurae Left lung is smaller, contains the cardiac notch, thus only has superior and inferior lobes. Right lung is larger, contains superior, middle and inferior lobes. The left lung has 8 or 9 bronchopulmonary segments (separated by connective tissue)—each is served by its own pulmonary artery and vein. *Clinically important because pulmonary disease often affects only one or a few segments. *It is possible to remove a diseased segment and not impair the rest of the lung. The Pleurae: double-layered membrane that secretes serosal fluid (decreases friction when lungs move against thoracic cage). *separated between left and right lung (important if the pleura is punctured) *pleural effusion: fluid accumulation in the pleural cavity (sometimes from right-heart failure)
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Mastery Series: Lower Respiratory Tract 1. 2. 3. 4. 5. 6. 7. 8. 9. 10. 11. 12. 13. 14.



How many lobes in the right lung? In the left lung? How many primary bronchi are there? What prevents primary, secondary and tertiary bronchi from collapsing? Are bronchi considered part of the conducting or respiratory zone? What type of tissue composes an alveolus? What prevents an alveolus from collapsing? What type of tissue is a capillary? Why is the tissue type of the alveolus and of the capillary significant to the function of the respiratory membrane? What is the function of surfactant? Why are premature babies often labored in their breathing? Why are mothers that are delivering prematurely sometimes given steroid shots? What type of cell keeps the alveoli sterile? In tuberculosis, where does Mycobacterium tuberculosis sometimes reside? What is the difference between pleural effusion and fluid in the lungs?
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Lower Respiratory Tract 1. 2. 3. 4. 5. 6. 7. 8. 9. 10. 11. 12. 13. 14.



Mastery Series Answers



3; 2 1 on each side Hyaline cartilage reinforces and strengthens them Conducting Simple squamous epithelium Surfactant; negative pressure in the pleura Simple squamous epithelium Thin, easy diffusion for gas exchange Decreases surface tension of moisture in the alveolus Since they don’t have enough surfactant, their alveoli can collapse between breaths, and the babies must use their rib muscles to inflate some of their alveoli with each breath. Steroids encourage production of surfactant by the baby. Macrophages Macrophages (yeeks!) Pleural effusion is fluid accumulation in the pleural cavity—often occurs after trauma. Fluid in the lungs is fluid build-up in the alveoli—often occurs from pneumonia.
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Mechanics of Breathing Atmospheric pressure = 760 mmHg or 1 atm -4mmHg respiratory pressure means that pressure inside a part of the body is less 4 mmHg less than atmospheric pressure (in this case, 756 mmHg) Intrapulmonary pressure (intra-alveolar) Ppul = pressure inside an alveolus. This value goes slightly above and slightly below atmospheric pressure while breathing. Intrapleural pressure Pip = pressure within the pleural cavity is always less than atmospheric pressure, even when we are exhaling. Homeostatic imbalance: if Pip becomes = to Ppul, lungs will collapse. This can occur from a pneumothorax (air enters the pleural cavity from a puncture). “Quiet” Inspiration: 1. Space in the thoracic cavity is increased by ~500mL by two events: a. Diaphragm contracts, moving downward. b. External intercostal muscles contract, pulling ribcage out 2. Ppul decreases since volume has increased a. –1 mmHg 3. Air rushes in, since atm pressure is now greater than Ppul. “Forced” Inspiration (eg during exercise): *SCM, scalenes and back muscles contribute to decrease Ppul even further “Quiet” Expiration: 1. Diaphragm and intercostals relax, decreasing space in thorax. 2. Ppul increases since volume has decreased a. +1 mmHg 3. Air rushes out, since atm. pressure is now less than Ppul. “Forced” Expiration (eg during exercise) *abdominal muscles and internal intercostals contribute to increase Ppul even further. Lung Compliance: ease of expansion of lung tissue. Compliance is decreased in certain disease states, such as tuberculosis. Lack of surfactant also diminishes compliance. Forces that tend toward collapse of alveolus: surface tension (fluid); and elasticity Forces that tend toward expansion of alveolus: surfactant; intrapleural negative pressure Dead Space: air that is not involved in gas exchange because it is in the trachea or bronchii. Increases in some disease states because some of the alveoli develop thickened walls that don’t exchange gas; or because many alveoli collapse into one large one and the space is too large for effective gas exchange.
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Mastery Series: Mechanics of Breathing 1. As we breathe in, intrapleural pressure changes from -4 to ___________; 2. As we breathe in, the intrapulmonary pressure changes from ________ to -1. 3. A trauma victim may begin accumulating blood and air in the intrapleural space; this has the overall effect of reducing or eliminating the _______________ pressure that must always be present in the intrapleural space. Labored breathing results as the patient must literally reinflate his alveoli with each breath. 4. The forces that keep the alveoli from collapsing are: 5. The forces that tempt the alveoli to collapse are: 6. In lung diseases, oftentimes elastic fibers are replaced with stiff collagen fibers as scar tissue accumulates. How does this affect the mechanics of breathing? How might the shape of the chest change over time from stiff lungs? 7. Muscles involved with inspiration are: 8. Muscles involved with expiration are: 9. What is a pneumothorax?
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Mechanics of Breathing



Mastery Series Answers



1. 2. 3. 4. 5. 6.



-7 +1 Negative Surfactant; negative pressure in the pleural cavity at all times Surface tension in moist alveolus; elastic fibers throughout the lung tissue Requires muscular involvement to exhale (which is normally passive at rest). The chest may become “barrel-shaped” because of compensatory rib muscle development. 7. Diaphragm; big inhale recruits: external intercostals; sternocleidomastoid; scalenes (located on the front of the neck) 8. internal intercostals; abdominal muscles 9. collapsed lung—usually caused by accumulation of air or fluid in the intrapleural cavity that diminishes the negative intrapleural pressure
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Gas Exchange Between Blood and Tissues Partial pressure of a gas: each gas in our atmosphere contributes a certain amount toward total atm. pressure (760 mm Hg). The makeup of gases in our lung alveoli is different than in the atmosphere (very notably, much higher pressures of gaseous water and carbon dioxide). PO2 alveolus = 104 mmHg PCO2 alveolus = 40 mmHg



PO2 tissues = 40 mmHg PCO2 tissues = 45 mmHg



Key point: The large difference between PO2 alveolus and PO2 tissues means that O2 diffuses very rapidly from the alveolus into the pulmonary capillaries. Quickly-flowing blood (during exercise) can still be adequately oxygenated since the diffusion occurs so quickly. Transport of Respiratory Gases by Blood A Hb with all 4 heme groups bound to an oxygen is saturated. When Hb enters oxygen-poor areas (such as the tissues), it changes shape and gives up its oxygen more easily. When in oxygen-high areas, such as the lungs, it holds more tightly to its oxygen. In this way, oxygen is only dropped off where it is needed. Hb gives up its oxygen more easily under the following conditions: 1. low oxygen 2. low blood pH 3. high blood CO2 4. high temperature Oxygen-Hb dissociation curve represents this information graphically: Between PO2 pressures of 0 and 50 mmHg, Hb has a very low affinity for oxygen (in other words, in tissues that need oxygen, Hb readily releases it). Between 70 and 100 mmHg PO2, Hb hangs on to its oxygen because O2 is not needed. This makes the relationship a curved line. All of these conditions will cause the curve to shift to the right—which means that it will give its O2 up more easily. Fetal Hb has a higher affinity than adult Hb for O2, so its curve is shifted to the left. Hypoxia: Inadequate oxygen delivery to tissues. Ischemia: hypoxia caused by a blocked blood vessel (e.g. stroke or heart attack)
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Mastery Series: Gas Exchange Between Blood and Tissues 1. Compare the partial pressure of oxygen in the following locations: a. Lungs b. Tissues 2. What types of stimuli stimulate Hemoglobin to change shape and let oxygen diffuse into tissues? 3. Why does hemoglobin hold tightly to oxygen in the lungs? 4. Compare adult and fetal hemoglobin with regard to affinity for oxygen. 5. What is the significance of fetal hemoglobin? 6. What do you think might be a stimulus for the gene for adult hemoglobin to begin being transcribed in a newborn? 7. Compare hypoxia and ischemia.



271



272



273



274



Gas Exchange



Mastery Series Answers



1. 2. 3. 4. 5.



a) lungs = 104mmHg; tissues = 40mmHg low partial pressure of oxygen; acidity; rising temp because partial pressure of oxygen is high fetal hemoglobin has a higher affinity for oxygen fetus pulls oxygen across the placenta, even if the mother is exercising or otherwise consuming a lot of oxygen. 6. Breathing (note: the switching from fetal Hb to adult Hb is a complicated process that has a number of regulatory factors)
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COPD; Asthma; Emphysema; Lung Cancer; Tuberculosis Patients with COPD become used to having lower blood oxygen. Over time, their brainstem adapts to this lowered blood oxygen level. If one of these patients is administered oxygen, it can actually inhibit the brainstem from normal breathing rates. The brainstem interprets the elevated oxygen levels as “too high” and depresses breathing. Homeostatic Imbalances of the Respiratory System Chronic obstructive pulmonary disease (COPD)— Emphysema—destruction of alveolar walls chronic bronchitis—excessive mucus Asthma—inflammation of the airways, which are then hypersensitive to allergens Tuberculosis—bacterial infection caused by Mycobacterium tuberculosis Can be asymptomatic and only flare up when a person is immunosuppressed. Lung Cancer—leading cause of cancer death in North America (more than colon, breast and prostate cancers combined) Pons and Medulla oblongata—regulation of respiration Phrenic nerve controls the diaphragm Hering-Breuer Reflex: This reflex prevents overinflation of lungs. Once the lungs are stretched as far as they can safely open, neurons inhibit further diaphragm contraction. Note: no class notes on this topic. Proceed to Mastery Series Questions.
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Mastery Series: COPD; Asthma, Emphsema, Lung Cancer, Tuberculosis 1. 2. 3. 4. 5. 6.



What does COPD stand for? Compare the pathophysiology of chronic bronchitis and emphysema. What are the primary risk factors for lung cancer? What type of tissue is usually the cause of the tumor in lung cancer? What pathogen causes tuberculosis? Why can a patient with COPD stop breathing if the oxygen level in the blood rises to what is normal for a healthy patient?
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COPD; asthma; lung cancer; tuberculosis



Mastery Series Answers



1. Chronic obstructive pulomonary disease 2. Bronchitis: build-up of mucus in the bronchioles; emphysema is a gradual loss of the surface area for gas exhchange as clusters of alveoli collapse into a single large alveolus. In bronchitis, air conduction is inhibited; in emphysema, gas exchange is inhibited. 3. Smoking; asbestos 4. Epithelial 5. Mycobacterium tuberculosis 6. The brainstem has reset “normal” blood oxygen levels at lower than normal (this occurs gradually over many years of slightly impaired levels of blood oxygen saturation). Turning the oxygen levels up above that normal setting actually removes the stimulus for breathing (since the brain interprets the blood as having too much oxygen).
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Urinary System Overview Kidneys are the major excretory organ of the body. Kidney functions are 1) regulate volume and composition of extracellular fluid (ECF) and 2) excrete waste products from the body. Kidneys: form urine constantly (drip, drip, drip) Ureters: carry urine to bladder Urinary bladder: stores up to 500mL (after which we cannot “hold” it any longer); generally first feel the urge once 200mL has been stored up. Urethra: carries urine out of the body Kidney: *retroperitoneal organs (attached to dorsal body wall) found at about T12 to L3 *fibrous capsule and fat protect kidney from blows, act as shock absorbers  Cortex  Medulla o Pyramids 







Apex of each pyramid is the papillae, which urine passes through to reach the calyces.



Renal pelvis: collects urine from calyces



The functional unit of the kidney is a nephron. There are ~1 million nephrons/kidney. NEPHRON includes the renal corpuscle, the proximal convoluted tubule (PCT), the loop of Henle, the distal convoluted tubule (DCT) and the collecting duct. The glomerulus, proximal tubule and distal tubule of each nephron is found in the cortex; the loop of Henle and collecting ducts are found in the medulla. Blood supply: Aorta  renal artery  segmental arteries  interlobar arteries  arcuate arteries  cortical radiate arteries  afferent arterioles (microscopic)  glomerulus (capillary bed)  efferent arteriole  peritubular capillaries and vasa recta  venules and veins converge until reaching the renal vein *1200mL blood/min (20-25% of cardiac output!!) flows to the two kidneys (all blood in the body every ~4 minutes!) Renal Corpuscle = Bowman’s Capsule (AKA Glomerular Capsule) + Glomerulus The glomerular capillaries are fenestrated, i.e. extra leaky. The filtrate that leaves the capillaries and enters the nephron via Bowman’s Capsule is very similar to plasma. There are several layers of cells that makeup this complex corpuscle, but the most interesting are the podocytes, which are octopus-like cells that cover the capillaries; between the fenestrations and the gaps in the feet of the podocytes are filtration slits, where filtration occurs. Critical Contents of the filtrate: salts, glucose, amino acids and water Notably ABSENT: blood cells and proteins Blood pressure is high in glomerular capillaries (~60 mmHg). Compare this to most other capillary beds pressure of 35 mmHg. This high pressure is maintained (of course) by the arterioles. The afferent arteriole remains more dilated than the efferent one, so pressure is higher in this capillary bed. If for some reason this pressure drops, then filtration ceases (acute renal failure). 280
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Mastery Series: Urinary System Overview 1. 2. 3. 4. 5. 6. 7. 8. 9. 10. 11. 12. 13. 14. 15. 16. 17.



18.



19.



How much blood flows to the kidneys each minute? How do you think blood flow to the kidneys is altered during fight or flight? How do you think urine output changes during fight or flight? Describe the blood flow to the kidneys, starting at the abdominal aorta. Does filtration of blood begin in the cortex or the medulla of the kidney? Once blood is filtered at the glomerulus, is urine ultimately collected in the cortex or the medulla of the kidney? What are the parts of each nephron? Is blood found in the parts of the nephron or filtered fluid? Why does each part of the nephron have a peritubular capillary next to it? Compare the blood pressure of the glomerular capillaries with the blood pressure in a skeletal capillary bed. What is the significance of the higher-than-average blood pressure in the glomerulus? Why does the kidney have two capillary beds? What would happen to the kidney’s ability to filter blood if blood pressure dropped precipitously? What is the disadvantage of the kidneys’ higher than average glomerular blood pressure? Compare the meanings of the names “afferent” and “efferent” arterioles. When have you learned those words in your studies up until now? How do the afferent and efferent arterioles of the glomerular capillary bed work together to maintain the necessary blood pressure of the glomerulus? Compare their behavior during low systemic blood pressure and during high systemic blood pressure. If the afferent arteriole constricts a. what happens to systemic blood pressure? b. What happens to glomerular capillary pressure? c. What happens to filtration? d. What happens to urine output? If the afferent arteriole dilates, a. what happens to systemic blood pressure? b. What happens to glomerular capillary pressure? c. What happens to filtration? d. What happens to urine output? What is allowed to be filtered at the glomerulus? What is not allowed to be filtered?
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Urinary System 1. 2. 3. 4.



5. 6. 7.



8. 9. 10. 11. 12. 13. 14. 15.



16.



17. 18. 19.



Mastery Series Answers



1.2 L Decreased Decreased Abdominal aorta→renal artery→segmental arteries→interlobar arteries→arcuate arteries→cortical radiate arteries→afferent arteriole→glomerulus (capillary bed for filtration into the start of the nephron)→efferent arteriole→peritubular caps (capillary bed that follows along beside the nephron, delivering oxygen and reabsorbing glucose, amino acids, electrolytes and water)→cortical radiate veins→arcuate veins→interlobar veins→segmental veins→renal veins→inferior vena cava Cortex Medulla (the collecting ducts protrude down toward the renal pelvis) Bowman’s capsule (receives filtered fluid); proximal convoluted tubule (vast majority of reabsorption occurs here); loop of Henle; distal convoluted tubule (very sensitive to aldosterone); collecting duct (very sensitive to ADH) No For delivering oxygen to the cells of the tubule; and of course for reabsorption of solutes and/or water Significantly higher (about 55mmHg) Ensures that fluid is adequately filtered out into the nephron for “cleaning” One is for filtration, the other is for reabsorption Stop Delicate and among the first organs to be damaged by hypertension Afferent: toward (the glomerulus); efferent: away (from the glomerulus). Other place: afferent (sensory) impulses move toward the brain; efferent (motor) neurons fire away from the brain They can independently constrict or dilate as needed. During low systemic blood pressure, the afferent arteriole will dilate and the efferent arteriole will constrict to ensure adequate blood flow to the glomerulus. This will increase pressure (and filtration) in the glomerulus. If systemic blood pressure is high, the afferent arteriole will constrict and the efferent arteriole will dilate to prevent blood pressure from rising too high in the glomerulus. In this way, the kidney can self-regulate its blood flow regardless of systemic pressure. A) Goes up b) goes down; c) goes down; d) goes down A) goes down; b) goes up; c) goes up; d) goes up Water, glucose, amino acids, Na+ and other electrolytes; plasma proteins; RBCs, WBCs
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Nephron Physiology and Urine Formation 1. FILTRATION, and it occurs at the renal corpuscle. Glomerular filtration rate (GFR) is held steady at 125 mL/min (180L/day). Ah, you say, but you don’t pee 180 L/day. Right, because ~99% of that filtrate is REABSORBED. Only 1.5 L of urine is produced daily. That is equivalent to 1 mL urine/minute produced by the kidneys. 2. REABSORPTION. Reabsorption is the passage of a substance from the lumen of the tubules through the tubule cells and into the capillaries. This process can involve passive or active transport. 3. SECRETION. Secretion is the passage of a substance from the capillaries through the tubular cells into the lumen of the tubule. Component Function Glomerulus Selective filtration Proximal convoluted tubule (PCT) Reabsorption of 80% of electrolytes and water; reabsorption of all glucose and amino acids; reabsorption of HCO3-; secretion of H+ and creatinine Loop of Henle reabsorption of water in descending loop; Reabsorption of Na+ and Cl- in ascending limb; concentration of filtrate Distal convoluted tubule (DCT) Secretion of K+, H+, ammonia; reabsorption of water (regulated by ADH); reabsorption of HCO3-; regulation of Ca2+ and PO42- by parathyroid hormone, reabsorption of Na+ (regulated by aldosterone) Collecting duct Reabsorption of water (ADH required) Concentration of the Urine: *Accomplished by the Loop of Henle and hormonal influences on the DCT and the collecting ducts. *Descending limb is permeable to water, ascending limb is impermeable to water  Water is reabsorbed in descending limb (concentrates urine)  Salt is actively reabsorbed in the ascending limb (establishes ability to concentrate even further) *Distal convoluted tubule reabsorbs even more salt (under the influence of aldosterone, a hormone released from the adrenal cortex. *The collecting duct reabsorbs water (under the influence of antidiuretic hormone, released from the posterior pituitary gland) Key Terms: Transport Maximum: The maximal amount of a substance that the kidney tubules can reabsorb. For example, under normal circumstances ALL amino acids and ALL glucose are reabsorbed in the PCT. However, if there are particularly high amounts in the bloodstream, the tubules are unable to reabsorb the large amounts of the substance. This is a notable problem in diabetes, when a patient has high blood glucose. Renal Clearance: The amount of a substance that “clears” the kidneys (ie. Shows up in the urine) once it enters the tubules. Creatinine ALL clears the kidneys unless there is kidney dysfunction. None of glucose should clear the kidneys. The clearance value for creatinine is ~125mL/min (usually the same as GFR); and 0 for glucose. Creatinine clearance is the best measure of renal function. 292
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Mastery Series: Nephron Physiology and Urine Formation 1. What are the three processes involved in filtration? a. In which part (or parts) of the nephron are these processes occurring? b. Which capillary bed is associated with filtration? c. Which capillary bed is associated with reabsorption and secretion? d. If creatinine is “secreted”, is it going from the peritubular caps→tubule; or the other way around? 2. What happens at the PCT (and what does it stand for and why does that name make sense)? 3. The DCT is MOST sensitive to the hormone __________________ . 4. The collecting duct is MOST sensitive to the hormone ____________________. 5. What is the primary substances that IS filtered but should always be reabsorbed fully by the kidney? a. Why might this substance end up in the urine? 6. What are the primary substances that are NOT supposed to be filtered at the glomerulus? a. Why might one of these substances end up in the urine? 7. Define renal clearance and transport maximum. a. Give an example of a substance that has FULL renal clearance, and one that should have 0 clearance. b. Why is glucose spilled in the urine if blood sugar is high? c. Why is serum creatinine a good way to judge kidney function? 8. The thick ascending limb of the loop of Henle actively reabsorbs ___________. 9. Salt reabsorption in the DCT is increased by ____________________. 10. Water reabsorption in the collecting duct is increased by ____________________. 11. Compare the amount of ADH secretion in a dehydrated person and a well-hydrated person (assuming his/her hypothalamus and pituitary gland are properly functioning). 12. As people age, they may stop making and releasing as much ADH. How might this affect their ability to concentrate their urine? 13. Compare the amount of aldosterone section in a dehydrated person and a well-hydrated person. 14. Describe the structure of JGA (and what does it stand for)? a. Cells from which two parts of the nephron interact here? b. What does it monitor? c. How does it respond if blood volume is low? d. What is the target and effect of EPO? e. Describe each step in the RAAS system. f. Which of the two hormones/enzymes released from the JGA has the quicker effect? Why? 15. What would you say is the purpose of the loop of Henle (why do we need that part)? 16. If you could only have Bowman’s capsule and one other part of the nephron, which would you pick and why?
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Nephron Physiology ; Urine Formation Mastery Series Answers 1. a) bowman’s capsule; b) glomerular capillaries; c) peritubular capillaries; d) capillaries→tubule 2. proximal convoluted tubule is proximal to the glomerulus and it’s twisty (convoluted); reabsorption of 80% of the filtrate occurs here. Lots of active transport of glucose, salt, water, H+ or HCO3- (depending on whether the blood is acidic or alkaline) 3. aldosterone 4. ADH 5. Glucose. They can end up in the urine if there are simply too much of them. There is a transport maximum for glucose. 6. Proteins; RBCs; WBCs. They can end up in the urine if the glomerular capillaries are damaged (by trauma, hyperglycemia, or hypertension) 7. Renal Clearance—amount of substance that ends up in the urine (“clears the kidney”) compared with how much was in the arterial blood entering the kidneys. Transport Maximum—the maximum amount of a substance that be reabsorbed as it passes through the tubules. a) creatinine should have full renal clearance; and glucose should have zero. b) Glucose is spilled in the urine during hyperglycemia because the amount coming through the nephron is greater than the ability of the nephron to pump it (reabsorb it) back into the blood. c) because it should have 100% renal clearance if the kidneys are able to secrete as they should. Anything less than that reveals that the kidneys are not performing at a normal level. 8. Na+ 9. Aldosterone 10. ADH 11. Higher ADH levels during dehydration 12. They will be less able to concentrate their urine. 13. More aldo in dehydration 14. Juxtaglomerular apparatus---found at the junction of the glomerulus and the DCT. a) DCT and glomerular/Bowman’s capsule cells b) blood volume and blood oxygen; c) releases erythropoietin and renin; d) bone marrow, increases RBC production; e) renin converts angiotensinogen into angiotensin I; angiotensin converting enzyme converts AI into Angiotensin II. AII causes vasoconstriction, aldo secretion, ADH secretion. f) renin, because AII is ready to go in a few minutes. RBC production takes weeks. 15. Gives us the ability to concentrate urine. 16. PCT, it does the MOST amount of work….for sure.



299



Fluid and Electrolyte Imbalances 60% of body weight is water. The breakdown of where this water is: Intracellular fluid (ICF): fluid inside cells = 60% of body fluids Extracellular fluid (ECF): fluid outside of cells = 40% of body fluids Edema: Fluid accumulation in the interstitial compartment. Causes of Edema and its Medical Significance Capillary Cause Systemic Problem Decrease in capillary osmotic Albumin deficiency pressure Increase in capillary pressure Too much fluid leaves capillaries Leaky Capillaries Inflammation Obstruction of lymphatic Excess tissue fluid unable to leave capillaries tissue



Medical Example Liver failure hypertension Sprained Ankle Surgery damaged lymphatic vessels and blocked lymphatic drainage



Common Electrolytes and their Medical Significance Electrolyte



Na+



K+



Normal plasma Conc. 136-145 mEq/L



3.5-5.1 mEq/L



Example of Medical Cause



Symptoms



Hypernatremia: dehydration from not drinking enough water (most common cause in elderly)







Confusion, lethargy



Hyponatremia: diuretics, kidney failure, heart failure, liver failure, dehydration (especially from sweating)







Very similar to hyper: confusion, lethargy, headache



Hyperkalemia: acidosis, tissue trauma *note H+/K+ pump issues



   



Cardiac arrest Cramping restless Muscle weakness; can lead to respiratory arrest Palpitations, ECG abnormalities Muscle twitches and weakness



Hypokalemia: diuretics, excessive vomiting (vomiting leads to alkalosis) *note H+/K+ pump issues Ca++



9-11 mg/dl







Hypercalcemia: hyperparathyroidism, hyperthyroidism







Hypocalcemia: hypoparathyroidism



“CATS go numb”  convulsions  arrhythmias  tetany  numbness
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Fluid and Electrolyte Imbalances



Class Notes
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Mastery Series: Fluid and Electrolyte Imbalances 1. Define edema. 2. Describe 4 reasons that edema may develop. 3. What is the normal plasma concentration of a. Na+ b. K+ c. Ca++ 4. What is a cause and symptoms of: a. Hypernatremia? b. Hyponatremia? c. Hyperkalemia? d. Hypokalemia? e. Hypercalcemia? f. Hypocalcemia? 5. Why would someone in diabetic ketoacidosis also be at risk for hyperkalemia? 6. Why would someone with impaired respiration be in danger of hyperkalemia? 7. Why would excessive vomiting lead to hypokalemia? 8. Why would diuretics potentially cause a variety of electrolyte imbalances? 9. Why would kidney failure potentially cause a variety of electrolyte imbalances? 10. Why would kidney failure be unlikely to cause hyperkalemia?
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Fluid and Electrolyte Imbalances



Re-Write Class Notes
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Fluid and Electrolyte Imbalances



Mastery Series Answers



1. Fluid accumulation in the tissues. 2. Decreased capillary osmotic pressure means that there isn’t enough solute in the blood to hold in water. It can occur during liver failure when the liver can’t make enough albumin. Increased capillary pressure can occur when too much fluid is forced out of the capillary. It can be caused by hypertension. Leaky capillaries allow too much fluid to leave the blood vessels. It can occur during inflammation, due to trauma, infection or allergy. Obstruction of lymphatic vessels (these vessels drain organs of excess fluid and carry it back to the bloodstream, passing through lymph nodes along the way) can occur if excess fluid in the tissues is not able to drain normally. It can occur as a complication after surgery, if the lymphatic vessels have been blocked and/or damaged during the surgery. 3. a) 136-145mEq/L; b) 3.5-5.1mEq/L; c) 9-11mg/dl 4. Hypernatremia: dehydration; confusion and lethargy *hyponatremia: diuretics; confusion and lethargy *hyperkalemia: acidosis, tissue trauma: cramping, restless, cardiac arrhythmias leading to possible arrest *hypokalemia: diuretics, excessive vomiting: muscle weakness may lead to respiratory arrest; palpitations and ECG abnormalities *hypercalcemia: hyperparathyroidism; muscle twitches/weakness *hypocalcemia: hypoparathyroidism; CATS go numb—convulsions, arrhythmias, tetany, numbness 5. acidosis can lead to hyperkalemia. This is because the cells will pump out K+ in order to take in more H+. Unfortunately, if this mechanism goes on too long hyperkalemia will result. 6. same as #5 7. alkalosis can lead to hypokalemia. This is because the cells will pump out H+ to help add acid to the alkalotic blood. Each H+ is traded for 1 K+, so this can lead to hypokalemia. 8. Flushing out too many! 9. Because the kidneys secrete excess electrolytes and reabsorb needed ones. Without proper kidney function, we might lose too much of some electrolytes and keep too much of some. 10. The kidneys are unable to reabsorb K+ (weird, isn’t it?) so a failing kidney will lose too much K+ from the body.
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Acidosis, Alkalosis, and Regulation of pH Blood pH is tightly regulated at 7.4.







≤ 7.35 is acidosis; ≥ 7.45 is alkalosis.



Normal Controls of blood pH: Buffers



How fast does it work? seconds



Lungs



minutes



Kidneys



hours



How does it work? Hemoglobin and carbonic acid bind to H+ from the bloodstream as needed—this prevents blood from becoming too acidic Blow off excess CO2 by increasing breathing rate Secrete and reabsorb H+ and HCO3- as needed



Acid/Base Imbalances Type of Imbalance Respiratory Acidosis



Typically Seen in: COPD, pneumonia



Blood Lab Results ↑ PaCO2



Metabolic Acidosis



Diarrhea



↓ HCO3-



Diabetic Ketoacidosis



↑ Ketones



Kidney failure



↑ H+



Extreme Activity Respiratory Alkalosis



Hyperventilation



↑Lactic acid, ↑PaCO2 ↓PaCO2



Metabolic Alkalosis



Vomiting



↓H+



Underlying Cause LUNGS not functioning properly Too much bicarbonate from GI tract lost Lack of insulin fails to stop exxcessive ketogenesis by the liver Kidneys unable to excrete excess H+ Excessive metabolism from overexertion Rapid breathing without excessive activity (may occur when stress is not assocated with physical exertion) Too much acid lost from stomach
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Acidosis, Alkalosis and Regulation of pH



Class Notes
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Mastery Series: Acidosis, Alkalosis and Regulation of pH 1. What are the three mechanisms for regulating blood pH? Compare them with regard to: a. How quickly they act b. What their mechanism of action is 2. What is a blood pH less than 7.35 called? More than 7.45? 3. Compare respiratory acidosis and respiratory alkalosis. How are they: a. Different? b. Similar? 4. List one cause of: a. Respiratory acidosis b. Metabolic acidosis c. Respiratory alkalosis d. Metabolic alkalosis 5. Which type of imbalance may occur from: a. Not getting rid of enough H+? b. Not getting rid of enough CO2? c. Not retaining enough CO2? d. Not retaining enough HCO3-? e. Not retaining enough H+? f. Producing too many ketones? g. Producing too much CO2 and lactic acid?
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Acidosis, Alkalosis, Regulation of pH



Re-Write Class Notes
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Acidosis, Alkalosis and Regulation of pH



Mastery Series Answers



1. Buffers are faster than lungs are faster than kidneys. buffers bind up excess H+ or HCO3- as needed; lungs blow off carbon dioxide; kidneys secrete H+ or HCO3- as needed. 2. Acidosis; alkalosis 3. a) different because one is due to failure to get rid of excess carbon dioxide from the lungs and the other is from blowing off too much carbon dioxide. They are similar in that they both have to do with lung dysfunction (either inadequate gas exchange or too much). 4. a) pneumonia, other lung disease; b) diabetic ketoacidosis; hyperkalemia; excessive diarrhea; c) hyperventilation; d) excessive vomiting; hypokalemia 5. a) metabolic acidosis; b) respiratory acidosis; c) respiratory alkalosis; d) metabolic acidosis; e) metabolic alkalosis; f) metabolic acidosis; g) metabolic acidosis



315



Male and Female Reproductive Anatomy Male Reproductive Anatomy   



 







 



Millions of sperm are produced in the testes each day. Testes are held at 3°F cooler than the rest of the body for optimal sperm development. The scrotum contains the testes.  Sperm are produced at about 3 degrees below body temperature, so the scrotum can vary in size by wrinkling up (brings testes closer to be warmer) or stretching out (to keep testes cooler). Epididymis: One of these coiled ducts (about 20 ft stretched out!) is attached to each testis. Newly formed sperm take about 3 weeks to travel through the epididymis, but by the time they get to the end, they are mature and able to swim. Ductus deferens (vas deferens): Long duct that travels from the epididymis through the inguinal canal into the torso (this “hole” in the body wall causes hernias to be more common in males) and loops over the bladder. It finally meets up with the ejaculatory duct, which eventually joins with the urethra. Glands that produce contents of semen:  Seminal vesicles and the prostate gland (prostate surrounds urethra so if it enlarges it makes urination difficult)  Semen: 2-5mL/ejaculation; includes sperm and alkaline sugary mixture  ~200 million sperm in one ejaculate Urethra  Passageway for urine and semen. During sexual arousal, the bladder sphincters tighten so that urine does not mix with semen. Penis  Foreskin normally covers the head of the penis; circumcision removes it  Contains connective tissue that can be filled with blood to cause erection.



Female Reproductive Anatomy



 Ovaries: contain ~2 million eggs at birth but they rapidly die off; about 250,000 remain at puberty. Each month one (or several) eggs are ovulated.  Uterine (Fallopian) Tubes: Each about 4 inches long; deliver egg to the uterus for possible implantation. The uterine tubes have fimbriae (finger-like projections) that surround the ovary and wave the egg inside of it. The inside of the uterine tubes have cilia that wave the egg along. Fertilization occurs within the uterine tube.  Pelvic Inflammatory Disease (PID): Some STDs, such as gonorrhea, can also move into the abdominopelvic cavity from the reproductive structures. This infection is very serious, and can lead to infertility by scarring and narrowing of the uterine tubes.  Uterus: hollow organ (pear-sized) that can grow tremendously in size during pregnancy.  Endometrium: Inner layer (mucosa) that receives the embryo in a process called implantation. The embryo literally burrows into the uterine lining.  Myometrium (smooth muscle layers): 1) allow stretch and growth of uterus during pregnancy; 2) provide contractions to push baby out during labor  Cervix: Narrow, usually tightly closed, outlet from the uterus. When labor begins, it thins (effaces) and opens (dilates).  Vagina: Also called the birth canal.  Clitoris: Most anterior of the external genitalia; homologous to the penis. Engorges with blood during sexual arousal. 316



Male and Female Reproductive Anatomy



Class Notes
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Mastery Series: Male and Female Reproductive Anatomy 1. 2. 3. 4. 5. 6. 7. 8. 9. 10. 11. 12. 13.



14.



Why are the testes held in a sac that hangs slightly away from the body? How long does it take from the time a sperm is produced until it is ready for ejaculation? How do sperm get from the testes to the urethra? Why are so many sperm needed in one ejaculate? What is the purpose of the fluids in semen? What is the connection between vascular problems and impotence? Where are egg cells produced? How many eggs are usually ovulated each month? What might happen if more than one egg were ovulated, and both were fertilized? How does the egg get from the ovaries to the uterus? What might happen if a fertilized egg implanted in the uterine tube? How could scarring in the uterine tube increase the odds of an ectopic pregnancy? Compare the tissue of the endometrium and myometrium. What is the purpose of the cervix? a. How does it change when a baby is ready to be born? b. What might happen if it didn’t stay tightly closed in earlier stages of pregnancy? c. Compare infection risk with a tightly closed cervix and a dilated cervix. In what way are the clitoris and penis similar during sexual arousal?
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Reproductive Anatomy



Re-Write Class Notes
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Reproductive Anatomy



Mastery Series Answers



1. To keep them about 3 degrees cooler than body temperature for optimal sperm development. For infertility, one of the first and simplest suggestions made is for the male to wear boxers rather than briefs; and to cut down on long-distance cycling or other activities that hold the scrotum more tightly against the body. 2. ~3 weeks 3. Vas deferens (or ductus deferens)—this is the structure that is tied off during a vasectomy to prevent sperm from entering the vas deferens. 4. Many sperm are necessary because a) many will die before finding an egg; b) many will go up the wrong uterine tube; c) many sperm work together to trigger the egg to allow one sperm inside for fertilation. 5. Fructose provides an energy source—sperm can survive up to 5 days in the female reproductive tract; and alkaline substances neutralize acidity of the vagina so that the sperm aren’t destroyed. 6. Erection requires robust blood flow to engorge the penis. Any time of blocked or overconstricted blood vessels will prevent or inhibit erection. 7. Ovaries 8. 1; fraternal twins 9. Uterine (fallopian) tubes 10. Ectopic pregnancy 11. The egg travels more slowly and so might implant before reaching the uterus. 12. The endometrium is highly vascularized epithelium; the myometrium is thick smooth muscle. 13. To prevent pathogens from entering the uterus; to prevent the baby from being born prematurely. a. Effaces (thins) and dilates to 10 cm. b. Premature delivery (incompetent cervix) c. Higher with an open cervix 14. They both engorge with blood as part of sexual arousal leading to orgasm.
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Ovarian and Uterine Cycles Days 0-5: FSH from the pituitary gland causes increasing levels of estrogen to be released from the ovaries.  In the ovaries:  Several eggs begin maturing under the influence of estrogen.  In the uterus:  Menstrual Phase: The endometrium (capillary-rich epithelial lining) is sloughed off Days 6-14: FSH from the pituitary gland causes rapidly increasing levels of estrogen to be released from the ovaries. Estrogen is the dominant hormone during this phase.  In the ovaries:  Several eggs continue maturing  In the uterus:  The endometrium begins thickening again, under the influence of estrogen  If intercourse happens in 4-5 days preceding ovulation, semen may remain at the bottom of the uterus and sperm can potentially still be viable when ovulation does occur around day 14.  In the brain:  Estrogen helps women feel more confident and sexually interested as ovulation approaches Day 14: Ovulation occurs under the influence of a spike in LH. One (or sometimes two or three) eggs are ovulated from the ovary and make their way down the uterine tubes to the uterus. They may be fertilized if intercourse occurred in any of the 4-5 days leading up to ovulation, and within 24 hours after ovulation. So, there is an approximate 6 day window of fertility days each month. Day 15-21: Progesterone is the dominant hormone during this phase.  In the ovaries:  Cells left behind when the egg was ovulated release progesterone. These cells are yellowish and thus referred to as the “corpus luteum”.  In the uterus:  The endometrium continues thickening under the influence of estrogen and, now, also progesterone. It should be thick and velvety by Day 21, when the egg may arrive.  In the brain:  Physically, emotionally, and sexually, this is the best time of the month for most women. High levels of estrogen are the cause of these good feelings. Day 21-28: Estrogen and Progesterone levels fall rapidly  In the ovaries:  If fertilization hasn’t occurred, the egg passes out of the body. The ovaries stop producing progesterone. Estrogen levels continue to fall.  In the uterus:  Falling levels of estrogen cause the loss of the endometrial lining in a process known as menses.  In the brain:  Falling levels of estrogen mean that this pre-menstrual time is the most psychologically challenging part of the month for many women.
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Ovarian and Uterine Cycles



Class Notes
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Mastery: Ovarian and Uterine Cycles 1. What is the main activity in the ovaries and the uterus during days: a. 0-5 b. 6-14 c. 14 d. 15-21 e. 21-28 2. What effect does FSH have on the ovaries? 3. Which hormone is responsible for secondary sex characteristics of females AND egg maturation and uterine lining thickening? 4. Which hormone is responsible for maintenance of a pregnancy? 5. Where is progesterone produced? 6. Normally, the corpus luteum stops progesterone production after about a week. Why? 7. What is the maximum number of “fertile” days a woman could have in a month? 8. How is it possible that a couple could have intercourse and become pregnant if the woman didn’t ovulate until 5 days after intercourse? 9. How long can the egg survive if not fertilized?
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Ovarian and Uterine Cycles



Re-Write Class Notes
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Ovarian and Uterine Cycles



Mastery Series Answers



1. the following: a) ovaries: egg maturation begins/uterus: menstruation as lining is sloughed because estrogen and progesterone levels are too low to maintain it b) ovaries: egg maturation continues/uterine lining begins thickening under the influence of estrogen c) ovaries: ovulation under the influence of LH from pituitary gland d) ovaries: corpus luteum produces progesterone/uterus lining continues thickening in preparation for possible fertilized egg e) ovaries:estrogen levels and progesterone levels drop rapidly/uterus: lining can only maintain if hormone levels are adequate 2. stimulates estrogen production 3. estrogen 4. progesterone 5. corpus luteum (during this cycle and, if pregnancy occurs, will continue to produce progesterone for a few months until the placenta takes over) 6. No fertilized egg releasing human chorionic gonadotropic hormone, which would stimulate the corpus luteum to keep producing progesterone. 7. 5 leading up to ovulation + 1 day after = 6 8. sperm can survive for up to 5 days in the female reproductive tract 9. about 24 hours
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Fertilization and Pregnancy



Fertilization (Day 14 or 15): An ovulated egg is viable for up to 24 hours after ovulation. The egg takes up to a week to travel the 4 inches to the uterus---thus, fertilization occurs in the uterine tubes. A few hundred or thousand sperm may actually make it to the egg. These sperm then bombard the egg with enzymes that weaken the membrane in order to allow one lucky sperm to penetrate the egg and join its 23 chromosomes with the egg’s 23 chromosomes. Twins?  Fraternal twins may occur if more than one egg is ovulated. Each one could be fertilized, in which case the twins would be genetically no more similar than regular siblings. Ovulation of more than one egg is a genetically inherited trait, although all women may do this more frequently as they approach menopause and their cycle is not consistent.  Identical twins may occur if the embryo splits into two cells before it implants. Conjoined twins occur if the separation is not complete. Identical twins have the same DNA. Male or Female embryo? The sperm either contains an “X” for its 23rd chromosome; or a “Y”.  Ectopic Pregnancy: The egg can “miss” the entrance and end up in the abdominopelvic cavity. If fertilized by sperm at this point, an ectopic (ecto: outside) pregnancy can occur. If the egg is fertilized and implants within the uterine tube, this is also an ectopic pregnancy. Implantation (~Day 21): rapidly dividing embryo burrows into the uterine wall. Corpus luteum “yellow body”: continues releasing progesterone in response to human chorionic gonadotropic (hcg) hormone released by embryo. This hormone is what is measured in a woman’s blood or urine to confirm pregnancy. Progesterone remains high throughout the pregnancy: in the first trimester it is maintained by the corpus luteum, and after that it is maintained by progesterone from the placenta. Events of Embryonic and Fetal Development 1st trimester: 1-13 weeks; 2nd trimester: 14-27 weeks; 3rd trimester: 28-40 weeks  About 7 days after ovulation, the fertilized egg implants into the uterine lining; this can cause some tiny spotting (implantation bleeding).  Embryo releases human Chorionic Gonadotropin (hCG): this is the hormone that we test for pregnancy.  Pregnancy is dated from the Last Menstrual Period, so a woman is actually 2 weeks pregnant on the day she conceives (I know, this is confusing).  5 weeks: Heart starts beating at about (3 weeks after conception).  6 weeks: Ultrasound can show a beating heart (~150 bpm is common)  10 weeks: the embryonic stage ends (meaning all organs have been built) and the fetal stage begins. The embryonic stage is the most critical of development, regarding organ formation. The vast majority of miscarriages occur during the embryonic period.  10-12 weeks: Heartbeat can be heard with specialized Doppler; the placenta becomes fully functional and takes over progesterone development from the corpus luteum  13 weeks: the external genitalia are developed and gender can be determined on ultrasound (but this is pretty unreliable this early—most doctors wait until 18-20 weeks to determine this).  16-24 weeks: Quickening (feeling the baby move for the first time)  24 weeks: baby has 50% chance of surviving if born early; 28 weeks: baby has 80% chance of surviving if born early  Lung development is the limiting factor in survival in premature infants  Baby is considered “full-term” at 37 weeks. 332



Mastery Series: Fertilization and Pregnancy (no class notes) 1. 2. 3. 4. 5. 6. 7. 8. 9.



10. 11.



12. 13. 14. 15. 16.



About how long does it take the egg to travel to the uterus? How are fraternal twins produced? How are identical twins produced? Which type of “twinning” is considered genetically inheritable? How many chromosomes does the egg have? What is the 23rd chromosome on the egg always? How is the sex of the baby determined? What is an ectopic pregnancy and why does Pelvic Inflammatory Disease increase the odds of it? What structure produces hcg? a. What does hcg stand for? b. What influence does it have on the corpus luteum? c. Why do some people take it as part of a weight loss plan? What structure produces progesterone in the first trimester? Generally, what weeks are the a. First trimester? b. Second trimester? c. Third trimester? How is a pregnancy dated? a. What “week” of pregnancy does conception actually occur? Why do most miscarriages occur during the first trimester? What big event occurs at the end of the first trimester that is key for maintenance of the remainder of the pregnancy? The biggest problem in premature infants is usually: A baby is considered full-term at __________ weeks.
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Fertilization and Pregnancy 1. 2. 3. 4. 5. 6. 7. 8.



9.



10. 11.



12. 13. 14. 15. 16.



Mastery Series Answers



1 week Multiple eggs ovulated 1 fertilized egg splits Fraternal 23 (before fertilization) X Sperm carries either an “X” or a “Y” for its 23rd chromosome. Implantation of a fertilized egg in the uterine tube or even in the abdominal cavity. Any scarring of the uterine tubes can slow the movement of the egg toward the uterus and allow early implantation. Embryo a. Human chorionic gonadotropic hormone b. Stimulates it to release progesterone c. Believed to increase metabolic activity and fat usage for ATP production Corpus luteum Weeks a. 0-13 = first b. 14-27 = second c. 28-40 = third From the first day of the last menstrual period (LMP) a. 2 weeks Embryonic period during which all organs are forming. Any errors at this time can have huge consequences in organ functionality. The placenta takes over completely the role of progesterone production. Lungs aren’t mature (aren’t making enough surfactant) 37 weeks
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Placenta, Umbilical Cord; Childbirth The Placenta: This organ is derived from fetal and maternal cells. The fetal lungs are filled with fluid and so gas exchange occurs in the placenta, rather than the lungs.  Placenta previa: Placenta attached over cervix; causes excessive bleeding during delivery  Placenta abruption: Placenta detaches from uterine wall during pregnancy. The Amnion: A tough membrane that encases the fetus in fluid  The urine produced by the baby fills this sac and is filtered out into the mother’s blood  If a baby has a bowel movement before birth (abnormal), this meconium is excreted into the amniotic fluid and can be inhaled by the baby at birth. The umbilical cord attaches the baby to the placental blood supply.  Important note: The maternal and fetal blood supply do not mix. They simply pass close enough to each other that diffusion of wastes, nutrients and gases can occur. Preeclampsia: Complication in which blood pressure is high and is damaging the kidneys, causing large amounts of protein to appear in the urine. It’s dangerous for the mother and the baby, because the baby may not receive adequate bloodflow. Gestational Diabetes: Complication in which the mother’s blood glucose is abnormally high, even for pregnancy. Normally, during pregnancy, slightly less insulin is produced, and our cells are more insulin-resistant. This helps ensure adequate nutrients in the bloodstream for the baby, rather than immediately entering the mother’s cells. Childbirth  High estrogen causes increased sensitivity to oxytocin, and inhibits progesterone’s damping effect on uterine contractions.  Fetus also begins secreting oxytocin.  These effects cause uterine contractions that increase due to positive feedback (one contraction stimulates another, stronger one). Stages of Labor: 1. Dilation: 6-12 hours (or more………………………………………………….) Cervix dilates to 10 cm, and the amniotic membranes rupture at some point before or during this stage. 2. Expulsion: ~1 hour (or more…………………………………………………….)  Babies usually emerge head-first and facing the floor (sunny-side up is not as efficient “use of space” and tends to cause more pain and tearing.) Breech is when the baby emerges buttocks or feet first; increases difficulty and danger of delivery for mother and child.  Tears often occur while the baby is emerging; these tears can be very minor or very severe (4th degree = tear extends all the way through the anus).  An episiotomy is a surgical cut to widen the opening. These are not performed as frequently as they used to be.  C-sections may be done if the baby is not handling the pressure well (heart beat dropping during contractions = fetal distress). 3. Placental Stage: ~15-30 minutes  Also called “afterbirth”
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Placenta, Umbilical Cord; Childbirth



Class Notes
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Mastery Series: Placenta; Umbilical Cord; Childbirth 1. Where does gas and nutrient exchange take place for a fetus? a. Does a fetus breathe? b. Does a fetus eat? 2. What two organs are last to mature in a baby? 3. What are two organs that are slightly “bypassed” during fetal life but not once a baby is born? 4. What is placenta previa? 5. What is the first bowel movement called? a. When is it usually produced? b. What could happen if it occurs before birth? 6. What is the function of the umbilical cord and how does it work with the placenta? 7. Why is gestational diabetes more likely to occur than diabetes when a woman is not pregnant? 8. Describe how the onset of labor is a positive feedback loop. 9. What are the three stages of labor?
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Placenta, Umbilical Cord; Childbirth



Mastery Series Answers



1. Placenta a. No b. No 2. Lungs and liver 3. Lungs (ductus arteriosus) and liver (ductus venosus) 4. Development of the placenta over the cervix. This means that the placenta will tear as the cervix dilates. 5. Meconium a. After birth b. Baby could aspirate it during delivery 6. Delivers nutrients and oxygen from the placenta to the baby; returns deoxygenated blood and waste products to the placenta. 7. During pregnancy a woman is naturally more insulin resistant so that her blood sugar stays slightly higher to ensure adequate glucose delivery to the fetus. Thus, if a woman is already insulin resistant, it does not take much more to push her into the realm of diabetes. 8. Oxytocin is released by the baby and the mother; it stimulates uterine contractions that cause further release of oxytocin which causes further uterine contractions, and so on. 9. Dilation; expulsion; placental stage
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