Digestive System

I. Functions

a. Disassemble food into smaller molecules so it can be used as energy (amino acids, lipids, & sugars)
b. Steps

i. Take in food and begins moving it through the tract (breaks down mechanically and chemically)

ii. Absorbs the digested food and distributes it to your cells

iii. Eliminates undigested materials from your body

c. Digestive conversion requires glandular tissues to secrete enzymes

i. Salivary gland – secretes saliva with amylase

ii. Gastric glands – located in the stomach secrete mucus, hydrochloric acid, and pepsinogen (precursor of pepsin)

iii. Pancreas –sends pancreatic juices (protease, additional amylase, lipase & hydrogen carbonate) to small intestine through a duct

iv. Liver – secretes bile into small intestine

v. Intestinal Glandular cells – secrete  a variety of digestive enzymes that will mix with the partially digested fluid or stay attached to the villi cells
II. Digestive Tract or alimentary canal
a. Oral Cavity, teeth, tongue

i. Mechanical digestion: physical process of breaking food into smaller pieces

ii. Chemical digestion

iii. Saliva: contains digestive enzyme called Amylase (salivary glands)
iv. Enzymes = increase digestion at body temp.

1. all enzymes are needed in digestion 

a. substrate, products, optimum pH level

b. Ex: pancreatic lipase, amylase  & protease (pepsin & trypsin)
2. Secreted as inactive forms (zymogens) to prevent hydrolysis of useful body proteins

a. Example: pepsinogen is pepsin with additional 44 amino acids

b.  Pepsinogen is produced in the inner lining of the stomach wall & remains in the zymogen form until it enters the cavity of the stomach

c. Here pepsinogen is exposed to HCl & the 44 additional amino acids are removed

d. This converts pepsinogen into pepsin & the enzyme becomes active (exopeptidases & endopedtidases)
b. Esophagus

i. Connects your mouth to your stomach – mucous lubricates & helps the chewed food together in a clump called a bolus
ii. Lined with smooth muscle

iii. Peristalsis: is a series of involuntary smooth muscle contraction along the walls of the digestive tract

1. The contractions occur in waves

iv. Epiglottis: flap of skin that prevents food from entering into the respiratory tract – moves up to block trachea
v. Cardiac sphincter = a muscle that controls the food entering the stomach from the esophagus 

1. also prevents food from re-entering the esophagus

c. Stomach

i. Lined with smooth muscle & is highly folded so it can expand when full
ii. Three layers of involuntary muscle

1. Oblique

2. Circular

3. Longitudinal

iii. Chemical digestion 

1. Gastric juices: pepsin and hydrochloric acid

2. pH = 2 

3. aids in digesting proteins and kills bacteria

4. produces 2 L a day

iv. Mechanical digestion

1. Muscular churning – the mixture of partly digested food and gastric juices is called chyme
v. Mucus lining in your stomach to protect from the gastric juices & are constantly being replaced
vi. Gastric pits and gastric glands in folds (rugae)

vii. Food remains in your stomach for two to four hours

viii. Very little absorption occurs in stomach—aspirin & some water

ix. NO digestion of carbs or fats

x. Exits out through the Pyloric sphincter to Duodenum

d. Small Intestine

i. Muscular tube about three to seven meters long – the two layers of smooth muscle conduct rhythmic contractions known as peristalsis
1. longitudinal muscle

2. circular muscle 

3. villi (intestinal mucosa)

4. lumen

ii. Narrow diameter (2.5 cm)

1. Duodenum = first 25 cm
a. Ducts from the liver and pancreas secrete into this part

2. Jejunum

3. Ileum

iii. Mechanical digestion

iv. Chemical digestion: carbohydrates and proteins 

1. Enzymes & hormones secreted by the pancreas and liver aid in the chemical digestion & are mixed with the chime in the duodenum
2. duodenum cells secrete secretin which

a. stimulates the pancreas to produce sodium bicarbonate which neutralizes the acid chime

b. liver (hepatocytes) to secret bile

c. Bile: made by the liver and helps break down fats

d. CCK stimulates the gallbladder to release bile & the pancreas to produce pancreatic enzymes

e. Stored in the gallbladder after its made in the liver

f. GIP inhibits gastric glands in the stomach & inhibits the mixing & churning movement of stomach muscles

v. Absorption

1. Liquid stays in your small intestines about three to five hours and is slowly moved along by peristalsis
2. Villi (villus)

a. Projections on the lining of the small intestine that functions in the absorption of digested food

b. Increase surface area: allows for greater absorption rate

c. Each villus contains a capillary bed and a lacteal- a small vessel of you lymphatic system
d. Digested molecules must pass through epithelial villi cells 

i. Active transport – mitochondria in cells produces ATP 

a. membrane pump (amino acids)

b. pinocytosis vesicles

ii. Facilitated diffusion (fructose)
e. Tight junctions – epithelial cells of villi are sealed to each other

f. Nutrients go directly into the bloodstream – glucose &  amino acids (fatty acids go into lacteal)
g. Absorption vs. Assimilation

i. Assimilation --nutrient conversion: the incorporation of nutrients into the cells and tissues to be used for building larger molecules
ii. Absorption --assimilation by body: the passage of material through the lining of the intestine into the blood or through a cell membrane into a cell

e. Pancreas

i. Located by duodenum

ii. Pancreatic duct located in middle and leads to duodenum

iii. Exocrine cells secrete buffers and digestive enzymes

iv. Endocrine cells secrete hormones (pancreatic islet)
f. Liver

i. Two lobes: right & left

ii. Secretion of bile (lipid digestion)

iii. Storage of nutrients

g. Gall bladder

i. Stores bile

h. Large Intestine

i. Indigestible material goes to the large intestine

ii. Enter from the Ileum

iii. Also called the colon

1. Ascending colon

2. Transverse colon

3. Descending colon

4. Sigmoid

5. Rectum

iv. 1.5 meters long and 6.5 cm in diameter

v. Appendix is an extension off the large intestine (no function)

vi. Water absorption

1. Water and salts are absorbed by the intestinal walls

2. Leaving behind a more solid material

3. Vitamin synthesis (vitamin B and vitamin K are synthesize by anaerobic bacteria and then absorbed by the body)

vii. Elimination of wastes

1. 18 to 24 hours in the large intestine the indigestible material (feces) reaches the rectum

2. Rectum to anus

3. 24 to 36 hours for your meals entire journey
III. Exocrine glands

a. A collection of cells that produce & secrete a product (proteins) which is carried to a specific location in the body by way of a duct 

b. These cells will contain extensive ER, ribosomes, golgi bodies, vesicles, & mitochondria for protein synthesis

c. Example: pancreas secretes digestive enzymes

i. Cells group around the end of a very small branch of the pancreatic duct

ii. All cells surrounding the small branch (ductule) secrete digestive enzymes into it

iii. The ductule takes the secretion into larger and larger ducts until the pancreatic duct is reached

d. Components

i. Saliva = water, amylase, & mucus

ii. Gastric juices = water, mucus, HCl, & pepsinogen (pepsin)

iii. Pancreatic juices = water, amylase, bicarbonate, trypsinogen (trypsin) , & lipase

e. Regulation

i. Example: juices from stomach

ii. Sight or smell of food will initiate the secretion of juices

iii. Once food has entered the stomach receptors within the stomach wall are stimulated & send sensory signals to the brain

iv. The brain responds by causing the stomach to secrete even more gastric juices

v. Distension of the stomach  results in the production of a hormone gastrin

vi. This hormone leads to the sustained release of gastric fluids 

IV. Clinical

a. Heartburn

i. Burning feeling in lower chest

ii. Sour & bitter taste in throat & mouth

iii. Occurs after eating a big meal

iv. Acid reflux- Acid from the stomach enters the esophagus

v. Causes: overeating, pregnancy, stress, & certain foods


b. Crohn’s Disease

i. Causes ulcers in GI tract

ii. Symptoms

1. stomach cramps

2. diarrhea

3. blood in stool

4. weight loss

iii. most common in women

iv. unsure of causes – maybe genetic but no inheritance known

v. treatments

1. drugs and some antibiotics 

2. steroids

c. Irritable bowel syndrome

i. Intestines squeeze too hard or not enough & causes food to  move too quickly or slowly

ii. Most common in women & starts in your 20’s

iii. Symptoms

1. bloating 

2. constipation

3. diarrhea

4. abdominal pain & cramping

iv. Diagnosis

1. blood tests

2. colonoscopy

v. treatments

1. healthy diet

2. avoid foods

3. decrease stress

d. Ulcers

i. Sores on the lining of your digestive tract--- too much acid is produced or can be caused by certain bacteria (bacteria grows on sections of the lining & prevents cells from secreting mucous) 

ii. Most are located in duodenum – duodenal ulcers

iii. Located in stomach = gastric ulcers

iv. Located in esophagus = esophageal ulcers

v. Causes

1. H pylori – helicobacter pylori -- bacteria grows on sections of the lining & prevents cells from secreting mucous
2. Too much acid production – damage to digestive tract

3. Stress can aggravate an ulcer

4. Anti-inflammatory medicines

vi. Celiac Diease

1. Causes when you eat gluten (in rye, wheat, oats)

2. Gluten damages intestines which then prohibits a person from absorbing nutrients

3. Causes – genetically inherited

4. Symptoms

a. Diarrhea

b. Abdominal pain

c. Nausea 

d. Lack of appetite 

e. Anemia

f. Dermatitis

Active Learning Questions:

1. Relate structures to the phenomenon called heart burn.
2. The small intestine has the surface area square footage that my house does. How is this possible?
3. How is the functionality of the liver and gall bladder tied together?
4. Ms Knetter has just eaten one of her favorite snacks, Velveeta and rotel with lots of jalapeños. 

a. What is the stomach doing as far as digestive activities associated with her snack?

b. Why is bile important in the break down of this snack?

c. What organ produces bile?

d. Where is bile stored

e. Where is the vast majority of this snack digested and absorbed?

f. What structures in the villi absorb the lipid component of this fine meal?

g. After powering down this snack, Ms. Knetter finds she has some heart burn. What is the likely cause of this?
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