Ch. 12 Digestive System and Nutrition

12.1 Digestive System

digestive system
- functions occur in the digestive tract



- physical breakdown of ingested food



- increase surface area of food substrate



- chemical enzymatic breakdown to small soluble molecules



- absorption of nutrient molecules



- elimination of non-digestible waste


- digestive tract is basically a tube from mouth to anus

- tract system of related parts, organs


- digestion is extracellular (meaning not in cells, but in the tube)


- digestive enzymes are secreted by accessory glands in/near tract

	Organ
	Function

	mouth
	Reception and chewing of food; digestion of starch

	esophagus
	Passageway

	stomach
	Storage & mechanical breakdown of food; acidity kills bacteria; digestion of protein

	small intestine
	Digestion of all foods; absorption of nutrients

	large intestine
	Absorption of water (and some vitamins); storage of non-digestible remains

	anus
	Defecation



(FIG. 12.1)

mouth
- oral cavity receives food



- “taste” is mainly by olfactory (smell) receptors in the nose


- roof separates nasal and oral cavities



- anterior hard palate of several bones



- posterior soft palate of muscle ending in a cone-shaped 



   projection called uvula


(FIG. 12.2a and b)

tooth
- chew food into pieces so swallowing is easier


- first 2 years, 20 deciduous or baby teeth


- later replaced by 32 adult teeth


- has 2 divisions:


- crown


 

- root

crown
- has a layer of enamel



- hard outer covering of calcium compounds


- contains dentin (also in root)



- think layer of bonelike material


- inner pulp (also in root)



- has nerves and blood vessels

salivary glands
- saliva from exocrine (ducted) glands begins digestion of starch in 


   the mouth



- parotid glands (behind cheek)



- sublingual glands (beneath tongue)



- submandibular glands  (beneath jaw)

tongue
- striated muscle with outer layer of mucous membranes


- mix the chewed food

- mixture forms to a mass called bolus for swallowing

pharynx
- region between mouth and esophagus

“throat”


- swallowing is a pharynx reflex action 


- during swallowing trachea moves up under the epiglottis which 


   covers the glottis (opening) to the larynx (voice box)




- soft palate covers nasopharynx leading to nasal cavities


(FIG. 12.3)

sphincters
- muscles encircling a tube act as a shut-off valve when contracted




- lower esophageal sphincter is weak and seepage leads to 



   “heartburn”

esophageal wall
- layers typical of entire digestive tract




- mucosa (mucus membrane): lines lumen (central cavity)




- submucosa: loose connective tissue with nerves & blood 



   vessels




- muscularis: longitudinal (lengthwise) & circular smooth 



   muscle layer



- adventitia: (esophagus only) outer covering of loose 



   connective tissue


- outer layer in rest of the digestive tract



- serosa (serous membrane): layer secretes lubricating fluid


(moore’s esophageal wall pic)

stomach
- J-shaped left side under the diaphragm


- deeply folded muscle layer



- expands with stored food


- columnar epithelial lining with millions of gastric pits leading to 


   gastric glands

gastric glands
- perietal cells secrete hydrochloric acid (HCl) and chief cells 
   



   secrete pepsinogen



- known as gastric “juice”



- gastric glands are acid resistant


- HCl with pH 2 does not digest food


- converts enzyme for protein


- breaks connective tissues in meat


- high acidity kills most bacteria in food


- stomach wall protected from acid by thick mucus secreted by 


   many goblet cells



- single epithelial cells in gastric glands


- ulcer is an open sore in the stomach wall where goblet cells fail to 


   produce mucus



- caused by bacterium Helicobacter pylori

- absorbs no food molecules (only alcohol)


- soupy acid liquid chyme departs for the small intestine by the 


   pyloric sphincter



- normally empties in 2-6 hrs


(moore’s gastic gland pic)

small intestine
- averages 3 m long in 3 segments



- duodenum (25 cm) highly secretory (mucus, enzymes, & 



   hormones)

- jejunum and ileum specialized for selective nutrient 

   absorption

duodenum
- receives acid chyme from the stomach



- buffered by (sodium) bicarbonate (Na+) HCO3 in pancreatic juice


- common bile duct enter the duodenum



- receives liver bile & pancreatic digestive juices (enzymes)


- secretes digestive enzymes for final digestion of 2 classes of food 


   molecules



- maltose (carbohydrate)



- peptidase (protein)


- nutrients absorbed by finger-like villi

villi (villus)
- visible finger-like projections on inner surface of intestinal wall

- not to be confused with microscopic “microvilli” on cells 


- outer layer of columnar epithelium &enclosing 2 types of vessels



- blood capillaries absorb sugars and amino acids



- lacteal (lymph vessel) absorbs fat


- epithelial cells contain microvilli on the exposed surface 


   (increase absorption)



- appear brush-like under magnification, hence “brush-



   border” enzymes


- glycerol and fatty acids are absorbed separately then recombine 


   in epithelial cells before entering lacteals


(moore’s villi pic)

microvilli
- give a fuzzy border called brush border

- bear intestinal digestive enzymes called brush-border 

   enzymes

- increase surface area of villi so absorption of nutrients,  

   sugars, and amino acids into blood vessel

hormone control
- substances secreted by cells into the blood affect other target cells



- control secretion of digestive juices


- protein stimulates gastric glands in the upper part of the stomach 


   to secrete gastrin hormone



- blood gastrin causes churning and more gastric juices in 



   the lower part


- acid chyme in the duodenum stimulates production of secretin


- partly digested protein and fat stimulate production of CCK 


   (cholecystokinin)



- both hormones stimulate output of more pancreatic juice 



   and liver bile


- duodenum makes GIP (gastrin inhibitory peptide) that inhibits 


   gastric secretions



- opposite effect to gastrin


(moore’s hormone control pic)

large intestine
- averages 1.5 m long in 4 segments



- cecum, colon, rectum, and anal canal


- larger in diameter, shorter in length of small intestine

- functions to absorb water, salts, and some vitamins


- stores undigested materials until eliminated at anus

cecum
- blind sac below entrance of small intestine (ileum) to the colon

- ileum passes the ileocaecal sphincter


- small vermiform appendix projection 


- like tonsils, it may play a role in immunity


- subject to inflammation (appendicitis)

- infection of lining abnormal cavity if burst (peritonitis)


(FIG. 12.8)

colon
- ascending right side, transverse below liver and stomach, 


   descending left side


- rectum (last 20cm) opens at the anus


- eliminates undigested feces through anus



- 99% obligate anaerobes (E. coli) breakdown undigested 


  
   matter and make vitamins



- 3/4 water and 1/4 solids



- brown colour due to bacteria breaking down bilirubin and 



   bile pigments

- odour due to breakdown products as bacteria work on non-

   digested remains



- contain bacteria, fiber, and other non-digestible materials


- resident intestinal bacteria (“fecal coliform”) are non-pathogenic



- high coliform count in water is used to indicate potential 



   for other disease-causing bacteria

problems with
- polyps are small growths arising from epithelial lining

digestive system

- occurs in colon and causes colon cancer



- dietary fat increase cause increase in bile secretion

- intestinal bacteria convert bile salts into substances that 

   promote cancer


 - diarrhea is infection of lower tract and nervous stimulation

- intestinal wall becomes irritated and peristalsis increases

- water not absorbed: results body with infectious organisms

- nervous diarrhea: nervous system stimulates intestinal wall - prolonged diarrhea: lead to dehydration from lost of water


- constipation occurs when feces are dry and hard

- lack of water (prevents feces from drying) 

- fibers provides bulk needed for elimination


- chronic constipation
associates with development of hemorrhoids



- enlarged and inflamed blood vessels at the anus

12.2 Three Accessory Organs

pancreas

- elongated, flattened organ on posterior abdominal wall between 

   kidneys

- exocrine function: pancreatic juice by pancreatic duct to duodenum





- digests all 3 classes of food: carbohydrates, proteins, & fats





- (sodium) bicarbonate (Na+) CO3 buffer neutralizes acid 

   chyme

liver


- largest gland, lies mainly in the upper right section of abnormal 

   cavity, under the diaphragm

- has 2 main lobes, right lobe & smaller left lobe, crosses midline & 

   lies above stomach

- has about 100,000 lobules that serve as structural functional units

- makes yellow-green bile stored in the gallbladder


- pigments bilirubin and biliverdin from breakdown of 

   hemoglobin in liver




- bile salts (from cholesterol) emulsify fats in duodenum





- emulsification increase surface area of tiny droplets for 

   enzyme action




- other significant functions of the liver:





- removes poisons in blood (alcohol)





- stores iron and vitamins A, D, E, and K





- makes plasma proteins (albumin)





- controls blood glucose levels by storing or releasing glycogen





- produces urea from amino acids

gallbladder

- pear-shaped muscular sac attached to the ventral surface of liver




- about 1,000 mL of bile are produced by the liver each day, and any 




   excess is stored in the gallbladder




- in the gallbladder, water is reabsorbed so that bile becomes a 




   thick, mucus-like material




- when needed, bile leaves the gallbladder and proceeds to the 




   duodenum via the common bile duct

hepatic portal system
- all nutrients absorbed by the intestine go by the hepatic portal vein to 

   the liver




- liver is the “gatekeeper” (portal) before substances enter circulation





- portal system begins & ends in capillaries (no direct to heart)




- the hepatic vein returns blood from the liver to the inferior vena cava 

   returning to the heart




(FIG. 12.11)

diseases in liver
 - hemolytic jaundice: red bloods cells are broken down in abnormally  

    large amounts

- a yellowish tint to the whites of eyes & the skin of light-

   pigmented persons





- bilirubin is deposited in the skin due to an abnormally large 

   amount in the blood

- obstructive jaundice: bile ducts are blocked or liver cells are damaged





- occurs when crystals of cholesterol come out of solution and 

   form gallstones

- stones cause passage of bile along a bile duct to be blocked

- gallbladder must be removed




- hepatitis, inflammation of the liver





- hepatitis A is from sewage-contaminated drinking water





- hepatitis B is spread by sexual contact, blood transfusions 

   and/or contaminated needles





- hepatitis C is acquired by contact with infected blood 




- cirrhosis: liver becomes fatty and liver tissue is then replaced by 

   inactive fibrous scar tissue




-  seen in alcoholics due to malnutrition & to excessive amounts 

   of alcohol (a toxin) the liver is forced to break down

12.3 Digestive Enzymes
	------------------------------------------------- mouth -------------------------------------------------

	salivary amylase
	- salivary glands, acts in mouth, neutral

- starch + H2O ( maltose

	
	

	------------------------------------------------ stomach ------------------------------------------------

	pepsin (pepsinogen)
	- gastric glands, acts in stomach, acidic

- protein + H2O ( peptides

	
	

	------------------------------------------------ pancreas -----------------------------------------------

	pancreatic amylase
	- pancreas, acts in small intestine, basic

- starch + H2O ( maltose

	trypsin (trypsinogen)
	- pancreas, acts in small intestine, basic

- protein + H2O ( peptides

	lipase
	- pancreas, acts in small intestine, basic

- fats + bile salts + H2O ( glycerol + fatty acids (absorbed)   (

	nuclease
	- pancreas, acts in small intestine, basic

- nucleic acids ( nucleotides (absorbed)                                 (

	
	

	----------------------------------------------- duodenum-----------------------------------------------

	maltase (other dissacharide enzymes)
	- duodenum where it acts, basic

- maltose + H2O ( glucose (absorbed)                                    (

	peptidase
	- duodenum where it acts, basic

- peptides + H2O ( amino acids (absorbed)                            (

	
	

	---------------------------------------------- jejuno-ileum---------------------------------------------

	- absorption


