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CONCEPT: FUNCTIONS AND ANATOMY OF THE DIGESTIVE SYSTEM
Functions of the Digestive System:
● Digestive (Gastrointestinal [GI]) System brings in, breaks down, and absorbs food, then gets rid of the waste.
● Four general functions of the digestive system:
□ Digestion- Break food down to make absorption easier.
-Mechanical Digestion- Physically changing food’s _______________, usually to ↑Surface Area.
-Chemical Digestion- Digestive enzymes split complex food molecules into simple units to be absorbed.
□ Absorption- Bringing nutrients from the GI tract into the body (i.e. the blood).
□ Motility- Moving food through the digestive tract (e.g. stomach→small intestine→large intestine).
□ Secretion- Adding enzymes to food in the GI tract to do chemical digestion.
EXAMPLE: The four functions of the digestive system.
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Anatomy of the Digestive System:
Following food as it moves from the mouth to the anus:
● Oral Cavity (Mouth)
□ Teeth physically break down food→↑surface area.
□ Saliva softens food and begins chem. digestion.
● Pharynx (back of throat)- Connects mouth to esophagus and trachea.
□ (Trachea is part of respiratory system.)
● Esophagus- Soft, collapsible tube connecting pharynx→stomach.
● Stomach- Holds food, does mech. and chem. digestion.
● Small Intestine- Chemical digestion and absorption of nutrients.
□ Duodenum→Jejunum→Ileum.
● Large Intestine- Reabsorbs water, forms feces.
□ Cecum→Ascending Colon→Transverse Colon→Descending
Colon→Sigmoid Colon→Rectum→Anus.
Accessory Organs (3)- Don’t hold food; make chemicals that help digestion.
● Liver- Makes and secretes bile (necessary for fat digestion; more later).
● Gall Bladder- Stores and concentrates bile.
□ Bile Duct- Connects liver/gall bladder to duodenum.
● Pancreas- Makes and secretes enzymes for chem. digestion.
□ Pancreatic Duct- Connects pancreas to duodenum (same ending as bile duct).
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The Seven Sphincters:
● Sphincter- A ring of muscle (skeletal or smooth muscle) that
controls how open or closed a tube is.
□ Skeletal Muscle→Voluntary Control.
□ Smooth Muscle→Involuntary Control.
● Seven different sphincters control the movement of food through the
digestive tract.
□ Upper Esophageal Sphincter- From pharynx→
esophagus. Skeletal muscle—swallowing is voluntary.
□ Lower Esophageal Sphincter- From esophagus→
stomach. Smooth muscle.
□ Pyloric Sphincter- From stomach→ small intestine.
Smooth muscle.
□ Sphincter of Oddi- Controls release of bile/enzymes from
pancreatic and bile ducts into small intestine.
-Food doesn’t actually move through here.
□ Ileocecal Sphincter- From ileum→cecum (small intestine→large intestine). Smooth muscle.
□ Internal Anal Sphincter- From anus→outside. Smooth muscle.
-Stretching causes urge to defecate.
□ External Anal Sphincter- From anus→outside. Skeletal muscle.
-You get to choose when to defecate (mostly).
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PRACTICE 1: There is lots of smooth muscle in the walls of the GI tract. The contractions of this smooth muscle serve two
functions: to break up food into smaller pieces and to move the food along the GI tract. Which of the following describe the
role of smooth muscle in the walls of the GI tract? (Choose all that apply.)
a) Mechanical digestion.
b) Chemical digestion.
c) Secretion.
d) Motility.
e) Absorption.

PRACTICE 2: A 21-year-old girl eats corn at a 4th of July barbecue. The corn is not digested and is removed from the body
whole and unchanged in the feces. Through which of the following organs does the corn pass on its way from her mouth to
the toilet? (Choose all that apply.)
a) Esophagus.
b) Stomach.
c) Duodenum.
d) Liver.
e) Gall Bladder
f) Pancreas.
g) Jejunum.
h) Ileum.
i)

Large Intestine.
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PRACTICE 3: A 21-year-old girl eats corn at a 4th of July barbecue. The corn is not digested and is excreted whole in the
feces. Through which of the following sphincters did the corn not pass on its way from her mouth to the toilet?
a) Upper esophageal sphincter.
b) Lower esophageal sphincter.
c) Pyloric sphincter.
d) Sphincter of Oddi.
e) Ileocecal sphincter.
f) Internal anal sphincter.
g) External anal sphincter.
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CONCEPT: GASTROINTESTINAL WALL
● The gastrointestinal tract is a hollow tube from esophagus to large intestine; the wall is made up of four layers (tunics)
□ The mucosa is the innermost tunic; it is a _________________________ membrane
- The epithelium faces towards the lumen; made of simple columnar epithelium
- The lamina propria contains small blood vessels and nerves; made of areolar connective tissue
- The muscularis mucosae can cause movements in the GI tract; made of smooth muscle
□ The submucosa is the next tunic; contains several blood and lymph vessels, submucosal plexus, and glands
□ The muscularis contains two layers of smooth muscle with the myenteric nerve plexus in between
- The inner circular layer is a smooth muscle layer oriented in a circular fashion
- Contains thicker regions that form a _____________________
- The outer longitudinal layer is a smooth muscle layer oriented lengthwise
- This branch is involved in mixing and propelling the contents through the GI tract
□ The adventitia or serosa Is the outermost tunic
- The adventitia is found __________________ the peritoneal cavity; made of areolar connective tissue
- The serosa is found in the peritoneal cavity; is covered by a serous membrane called visceral peritoneum
EXAMPLE:
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● There are two serous membranes
□ The parietal peritoneum lines the inner surface of the abdominal wall
- Retroperitoneal organs are partially covered by parietal peritoneum (_______________________)
- Includes the duodenum, pancreas, ascending/descending colon, rectum
□ The peritoneal cavity is the space in between the parietal and visceral peritoneums
- There is a ________________________ serous fluid that fills this area to lubricate both membranes
□ The visceral peritoneum covers the surface of the internal organs with the serosa over it
- Intraperitoneal organs are completely covered by visceral membrane; held in peritoneal cavity
- Includes the stomach, and parts of the small and large intestines

EXAMPLE:
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● The mesentery are folds of visceral peritoneum that surrounds organs and attaches them to the posterior abdominal wall
□ If the doubling of the visceral peritoneum is around “non-stomach” organs it is called ___________________
- The mesentery has vessels and nerves that sit in-between it; transports lymph and blood to gut
- The falciform ligament is the mesentery that separated the right and left lobes of the the liver
- Connects the liver to internal anterior ___________________ wall
- The mesentery proper is the mesentery attaching jejunum and ileum to the posterior abdominal wall
- The mesocolon is the mesentery attaching the large intestine to the posterior abdominal wall
□ If the doubling of the visceral peritoneum is between the stomach and other organs is called omentum
- The lesser omentum is the mesentery on the superiomedial stomach, and proximal duodenum to liver
- The greater omentum is the mesentery that hangs from the inferolateral surface of stomach
- Creates a pouch over the small intestine, contains a lot of _________ – called the “fatty apron”
EXAMPLE:
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CONCEPT: ORAL CAVITY
● The oral cavity is the mouth, and it is the beginning of the GI tract and food digestion
□ Comprised of the ____________________ (space between cheeks, lips, and teeth) and the oral cavity proper
□ Its main features include the lips, gums, cheeks, palates, and tongue
- The labial frenulum is the thin fold attaching the lips to the gums, found on the superior and inferior lip
- The hard palate is comprised of the palatine process of the maxilla and the palatine bone
- Has transverse palatine folds (friction ridges you can feel) helps prepare food for swallowing
- The uvula is the finger-shaped projection extending centrally from the soft palate
- The fauces is the opening between the oral cavity and __________________________
- Has muscular folds, palatoglossal arch (anterior) and palatopharygngeal arch (posterior)
- Tongue found in the floor of the oral cavity, is composed of skeletal muscle
-Contains many papillae which are the small projections on the tongue and aid in sense of taste
- The lingual frenulum attaches the tongue to the oral floor
- The gingivae (gums) are the ____________ of oral mucosa; made of dense irregular connective tissue
EXAMPLE:
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● The teeth (dentition) are responsible for mastication (_______________________)
□ Each tooth has a crown (exposed area), neck (found in gingival margin), and roots (anchored in the jaw)
□ Both maxillae and mandible contain alveolar processes (sockets) where the teeth snuggly fit
□ Dentin makes up most of the tooth; is a mineralized matrix that is __________________ than bone
- Enamel covers the dentin of the tooth crown; enamel is the hardest substance in the body
- Cementum covers the dentin of the root; where the enamel ends, the cementum begins
□ Inside the tooth there is a pulp cavity that contains a connective tissue called pulp
□ The root canal is a narrow tunnel that runs from the pulp cavity to alveolar bone through the apical foramen
- By which blood vessels and nerves ________________ the dental pulp

EXAMPLE:
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□ There are 20 deciduous teeth found in children, which are replaced by 32 permanent teeth as we age
- The incisors are the most anterior permeant teeth; they slice, clip, and cut into food
- The canines (cuspids) are posterolateral to the incisors; they puncture, slash and tear food
- The premolars (bicupsids) are posterolateral to the canines; have cusps (ridges) that crush and mash
- The molars are the most posterior teeth; that crush and grind food
EXAMPLE:
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● The salivary glands produce saliva
□ The intrinsic salivary glands are unicellular glands inside the oral cavity; release saliva independent of food
- Contain lingual lipase, which is an enzyme that breaks down _________________________
□ The extrinsic salivary glands are multicellular glands outside the oral cavity; release most of the saliva
- The parotid salivary glands: largest, located anterior inferior to the ear, in the cheek
- Its secretions contain salivary amylase, a digestive enzyme; produces ________% of the saliva
- Extends across messeter muscle, perforates the buccinators muscle, opens in vestibule of mouth
- The submandibular salivary glands: located at the floor of the mouth, medial to mandible body
- Produces ___________% of the saliva
- Contains submandibular ducts that open on both sides of the lingual frenulum
- The sublingual salivary glands: located inferior to the tongue, produces the smallest amount of saliva
- Contains numerous sublingual ducts that open on both sides of the lingual frenulum
□ Saliva is made of 99.5% water and solutes; we produce 1-1.5 liters of saliva a day
EXAMPLE:
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CONCEPT: PHARYNX AND ESOPHAGUS
● The pharynx and esophagus connect the oral cavity to the ______________________
□ The pharynx is a passageway for both air and food
- The pharyngeal constrictors are skeletal muscles that make up the wall
□ The esophagus is a tubular muscular passageway; anterior to vertebrae, posterior to trachea
- Transports liquid and bolus to the stomach, passes through the esophageal hiatus
- An opening in the diaphragm, where the esophagus enters the __________________ cavity
- The superior esophageal sphincter is a ring of skeletal muscle at the pharynx/esophageal border
- Closed during inhalation so air doesn’t enter into the esophagus
- The inferior esophageal sphincter is a ring of smooth muscle at the esophageal/stomach border
- Attempts to prevent reflux back into the esophagus, but isn’t successful – the diaphragm does this
EXAMPLE:

Page 14

ANATOMY & PHYSIOLOGY - CLUTCH
CH. 23 - THE DIGESTIVE SYSTEM

CONCEPT: STOMACH
● The stomach is located inferior to the diaphragm in the superior left upper quadrant of the abdomen
□ The stomach is a J-shaped _________________ organ that can holds 3-4 L of chyme; its shape and size varies
- Mixture of ingested substances (food and liquid) with acids and enzymes secreted by the stomach
□ The stomach extends from vertebra T7 and L2 and is divided into four regions
- The cardia is the entrance to the stomach from the esophagus; the internal opening is the cardiac orifice
- The fundus is superior and distal to the cardia and contacts the diaphragm
- The body is the largest portion of the stomach, it continues inferiorly from the cardia and fundus
- The pylorus is the inferior region of the stomach; ends at the pyloric orifice that leads to the duodenum
-Pyloric sphincter regulates the release of chyme form stomach to duodenum
□ Musculature of the stomach ___________________ from the rest of the GI
- It contains an inner oblique layer, a middle circular layer, and an external longitudinal muscle layer

EXAMPLE:

Page 15

ANATOMY & PHYSIOLOGY - CLUTCH
CH. 23 - THE DIGESTIVE SYSTEM

□ Three branches of the celiac truck supply the _____________________ for the stomach:
- Left gastric artery supplies the cardia and lesser curvature
- Makes up the stomachs medial surface
- Splenic artery supplies the fundus directly and greater curvature through the left gastroepiploic artery
- Is longer and forms the stomachs lateral surface
- The common hepatic artier supplies the curvatures of the pylorus
- All this through the right gastric, right gastroepiploic and gastroduodenal artery
□ The gastric and gastroepiploic veins _________________ blood from the stomach into the hepatic portal vein
EXAMPLE:

Page 16

ANATOMY & PHYSIOLOGY - CLUTCH
CH. 23 - THE DIGESTIVE SYSTEM

CONCEPT: SMALL INTESTINE
● The small intestine (small bowel) is inferior to the stomach and can hold 9-10 liters of food/water/secretions
□ Primary site for the ______________________ of nutrients (90%), ingested food remains here for about 12 hours
□ It is approx. 20 feet in length (6 meters), has thin walls and contains plicae circulares
- Transverse _________________ in the intestinal lining that increases surface area for absorption
□ It has three anatomical divisions:
1. The duodenum is the first segment, inferior to the stomach, medially locate in the abdominal cavity
- It is connected to the pyloric sphincter, from there it curves in a “C” shape around the pancreas
- Connected to liver by lesser omentum and receives digestive secretions from accessory organs
- It is the mixing bowl for __________________ and digestive secretion
2. The jejunum is where the majority of the chemical digestion and nutrition absorption happens
- The duodenojejunal flexure is where the duodenum and jejunum meet
3. The ileum is the last and longest segment, it terminates at the large intestine
- The ileocecal valve is a sphincter that controls entry into large intestine
EXAMPLE:
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CONCEPT: LARGE INTESTINE
● The large intestine is a wide and short tube, which digested materials passes from the small intestine and out the body
□ It is found _______________________ to the stomach and liver, surrounds the small intestine
□ Absorbs water, electrolytes, and vitamins that weren’t absorbed by the small intestine
- The chime is compacted into feces before it is defecated
□ There are special _________________________ structures of the large intestine
- Teniae coli are longitudinal elastic bundles of smooth muscle that bunch up the haustra (many sacs)
- Hanging off of them are fat lobules called omental appendices (epiploic appendages)

EXAMPLE:
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□ The large intestine has different regions:
- The cecum is a ______________ sac and it is the first part of the large intestine
- It extends inferiorly from the ileocecal valve and is located at the lower right abdominal quadrant
- The vermiform appendix is a thin sack that inferiorly extends from the cecum
- The colon rises superiorly at the level of the ileocecal valve creating an upside down U-shaped region
- It has 4 segments: the ascending, transverse, descending, and sigmoid colon
- Flexures are the ____________ that occur in-between each of these colons (segments)
- The right colic (hepatic) flexure: bend between ascending and transverse colon
- The left colic (splenic) flexure: bend between transverse and descending colon
- The sigmoid flexure: bend between the descending and sigmoid colon
- The rectum is the third region of the large intestine; it _______________ to store feces before defecation
- Rectal valves prevent feces expulsion during the passing of gas
- Anal canal is the last section of the large intestine, terminates at the anus
- Is lined with thin longitudinal ridges (anal columns) and small depressions (anal sinuses)
- Contains the internal anal sphincter (involuntary) and external anal sphincter (voluntary)
EXAMPLE:
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CONCEPT: LIVER
● The liver is an accessory digestive organ that mainly functions in metabolic & hematologic regulation and bile production
□ It is located immediately inferior to the diaphragm at the upper right quadrant of the abdomen
□ It is the __________________________ internal organ and is divided into lobes
- The right lobe (larger) and left lobe (smaller) are separated by the falciform ligament
- It then projects inferiorly and thickens, becoming the round ligament of the liver
- Two lobes are contained within the _______________ lobe:
- The caudate lobe is adjacent to the inferior vena cava
- The quadrate lobe is adjacent to the gall bladder

EXAMPLE:
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□ The porta hepatis is where blood, lymph vessels, bile ducts, and nerves extend from the liver
□ Blood is transported to and from the liver by _______________ vessels:
- Hepatic artery proper is a branch of the celiac trunk that arises from the aorta
- Hepatic portal vein empties in the inferior vena cava
- Is part of the hepatic portal system and it brings 75% of all the blood to the liver
□ The liver’s connective tissue capsule is divided into thousands of hepatic lobules (functional/structural unit)
- Hepatic lobules are made up of hepatocytes (liver cells)
- Each lobule is normally a _______________________ and has a portal triad at each vertex
- Made up of a bile ductile and a branch of the hepatic artery proper & hepatic portal vein
- A central vein exists in the center of each lobule to drain the blood
- Hepatic sinusoids are thin walled capillaries with large gaps between the cells
- Blood from the portal system and arterial blood mixes here, flows towards central vein
EXAMPLE:
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CONCEPT: PANCREAS
● The pancreas sits posterior to the stomach and extends from the duodenum to the spleen in the abdominal cavity
□ The pancreas is a pinkish-gray _____________________ organ that has 3 regions:
- The head of the pancreas sits in the curvature of the duodenum at the right of the abdominal cavity
- The body of the pancreas extends laterally transversely towards the spleen
- The tail of the pancreas tapers off as it makes contact with the spleen
□ Exocrine (99%): Most pancreatic cells are arranged into pancreatic acini, found inside lobules
- Has the accessory and main pancreatic duct that open in the ______________________
□ Endocrine (1%): Pancreatic islets (islets of Langerhans) are the endocrine cells of the pancreas
- Alpha cells secrete glucagon while Beta cells secrete insulin
- Delta cells secrete somatostatin while F cells secrete pancreatic polypeptide
□ Pancreatic arteries supply blood to the pancreas and the splenic vein and branches drain the pancreas

EXAMPLE:
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CONCEPT: GALLBLADDER
● The gallbladder is a hollow sac-like organ; found connected to the inferior surface of the liver’s right lobe
□ It functions in storing, concentrating and releasing ____________________
□ It is divided into 3 areas: the fundus, the body and the neck
□ Ducts associated with the gallbladder:
- From the liver, the right and left hepatic duct join to form the common hepatic duct
- From the neck of the pancreas arises the cystic duct
- The cystic duct then joins with the common hepatic duct to create the common bile duct
- The common bile duct and the pancreatic duct open into the hepatopancreatic ampulla
- Here the hepatopancreatic sphincter regulates secretion into the duodenum
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CONCEPT: THE MACRONUTRIENTS—CARBOHYDRATES, LIPIDS, AND PROTEINS
● Macronutrients- The three major categories of food the body uses: carbohydrates, proteins, and lipids.
(□ Micronutrients- Substances your body needs only a little of, e.g. vitamins and minerals.)
Carbohydrates:
● Carbohydrates- ____________________—molecules made entirely out of C, H, and O, with a ring structure.
□ Come from breads/grains, rice, fruits & vegetables, dairy, etc.
● Monosaccharides- Carbohydrates with only one ring.
□ Glucose- Major fuel for the body.

□ Fructose and Galactose can also be used.

● Disaccharides- Carbohydrates with two rings bonded together.
□ Sucrose (“Table Sugar”)=Glucose+Fructose

□ Lactose (“Milk Sugar”)= Glucose+Galactose

● Polysaccharides- Long chains of carbohydrate monomers (monosaccharides)(usually glucose).
□ Glycogen- Carbohydrate storage used by animals.
□ Starch- Carbohydrate storage used by plants.
□ Cellulose- Carbohydrate polymer used for structure in plants (e.g. in cell walls) (aka “fiber,” “roughage”).
● Only monosaccharides can be absorbed—poly- and disaccharides are broken by enzymes into monosaccharides.
EXAMPLE: Sucrose is a disaccharide of glucose and fructose

Glucose

Fructose

Sucrose
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Lipids:
● Lipids are “fats”—large molecules made almost entirely of C and H→very hydrophobic.
□ Come from oils, butters, nuts, dairy, etc.
● Most are in form of triacylglyerols (TAGs) when eaten:
□ Triacylglycerol=3 fatty acid chains (carboxylic acid with long C-H tail) bonded to glyercol (alcohol with 3 –OH).
EXAMPLE: Structure of a triacylglyercol.

● TAGs are very hydrophobic→form lipid droplets in digestive tract.
□ Emulsification- Special molecules called bile salts (more later) cause droplets to ______________________.
-↑Surface Area of droplets, making digestion easier.
● TAGs broken down by enzymes into monoglycerides (glycerol+one fatty acid chain) and two fatty acids.
□ Monoglyceride and the two fatty acids can then be absorbed.
EXAMPLE: TAGs are broken down to two free fatty acids and one monoglyceride before being absorbed.
O

O

O

O
O
O

OH

O

O
OH

Monoglyceride

HO

O

O

Free Fatty Acids

HO

Absorption
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Proteins:
● Proteins are chains of amino acids.
□ Come from meats, tofu, nuts, dairy, etc.
□ Peptide Bonds connect each amino acid to its neighbors in the chain.
● Whole proteins are broken into individual amino acids; the amino acids are then absorbed.
□ Some dipeptides/tripeptides can be absorbed.
□ In general, whole proteins are way too big to be absorbed.
-A very few whole proteins are absorbed by receptor-binding—e.g. antibodies from breast milk.
EXAMPLE: Proteins are broken down into individual amino acids; the amino acids are then absorbed.
Phe
Met

Trp
Val

Met

Iso
Thr

Met

Met

Phe
Trp

Thr
Val

His

His

Lys
Leu

Iso
Lys

Leu

Absorption
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PRACTICE 1: A 20-year-old college student eats a slice of pepperoni pizza. Which of the following parts of the pizza will be
broken down to glucose?
a) Crust (i.e. the bread part).
b) Cheese (i.e. the fat part).
c) Pepperoni (i.e. the protein part).

PRACTICE 2: A 20-year-old college student eats a slice of pepperoni pizza. Which of the following parts of the pizza is
made of triacylglycerols?
a) Crust (i.e. the bread part).
b) Cheese (i.e. the fat part).
c) Pepperoni (i.e. the protein part).

PRACTICE 3: A 20-year-old college student eats a slice of pepperoni pizza. Which of the following parts of the pizza will be
broken down to individual amino acids before being absorbed?
a) Crust (i.e. the bread part).
b) Cheese (i.e. the fat part).
c) Pepperoni (i.e. the protein part).
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CONCEPT: FROM MOUTH TO STOMACH
Mechanical and Chemical Digestion in the Mouth:
● Oral Cavity (mouth) does both mechanical and chemical digestion.
● Chewing- Mechanical digestion by teeth —grind up food→↑Surface Area and making it softer/easier to move around.
● Saliva is a secretion in the mouth that does some chemical digestion.
□ Salivary Amylase- Enzyme in saliva that breaks polysaccharides into smaller units.
□ Also has water and ions (Na+ and Cl-) to soften food and make it easier to move/swallow.
● Three sets of salivary glands located around the mouth produce saliva.
□ Parotid Glands- Upper cheek.
□ Sublingual Glands- Under the tongue.
□ Submandibular Glands- Farther under the tongue, toward back of mouth.
EXAMPLE: The location of the three salivary glands
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The Swallowing Reflex:
● Swallowing (“Deglutition”) is a reflex that moves food from the mouth to the esophagus.
1) Food presses against the soft palate (back of mouth).
2) Pressure activates sensory neurons within Glossopharyngeal Nerve (CN IX).
3) Swallowing Center in the ________________________ processes that information.
4) Motor neurons cause skeletal muscle in upper pharynx to contract and upper esophageal sphincter to open.
5) Lower esophageal sphincter relaxes and opens when food stretches it, allowing stomach to fill.
● Epiglottis is a flap of tissue that covers the opening to the trachea while swallowing.
□ Prevents aspiration—food, water, etc. getting into the _________________.
EXAMPLE: Anatomy of the esophagus and epiglottis.
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PRACTICE 1: A 20-year-old college student eats a slice of pepperoni pizza. Which of the following parts of the pizza will be
(very partially) digested in her mouth?
a) Crust (i.e. the bread part).
b) Cheese (i.e. the fat part).
c) Pepperoni (i.e. the protein part).

PRACTICE 2: A 45-year-old woman presents to her gastroenterologist complaining of difficulty swallowing. She reports that
she often feels like food gets “stuck” in her throat, causing pain. She sometimes coughs up undigested bits of food. The
gastroenterologist passes a camera into the patient’s esophagus and finds lots of food trapped at the junction between the
esophagus and the stomach. Which of the following structures is likely dysfunctional in this patient?
a) Pharynx.
b) Larynx.
c) Upper esophageal sphincter.
d) Lower esophageal sphincter.
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CONCEPT: THE STOMACH
Anatomy and Function of the Stomach:
● Stomach is a muscular bag in the upper left part of the abdomen for storing and digesting recently-eaten food.
□ Very little absorption—mostly storage and breakdown.
● Three general “regions” of the stomach:
□ Fundus- Upper region (near lower esophageal sphincter).
□ Body- Middle of stomach.
□ Antrum- Lower part of stomach.
-Allows access to duodenum (first part of small
intestine) via pyloric sphincter.
● Inner lining of the stomach does lots of secretion.
□ Gastric Pits- In-folds in the stomach lining that hold lots of cells that secrete stuff into stomach lumen.
-Different cells for mucus, acid, digestive enzymes, some paracrine hormones (more later).
□ Rugae- Stiff ______________ in the stomach lining to help grind food.
EXAMPLE: A gastric pit and some rugae.
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Hydrochloric Acid Secretion in the Stomach—Parietal Cells:
● Parietal Cells are a type of cell within the gastric pits of the stomach. Responsible for secreting gastric acid:
□ Gastric Acid (Hydrochloric Acid, HCl)- Important for protein digestion.
● Parietal Cells have to make the hydrochloric acid before secreting it.
1) Carbonic Anhydrase in the cell catalyzes
H2O+CO2→H2CO3→H++HCO3-.
2) H+/K+ ATPase pumps H+ across apical membrane into
stomach lumen.
3) HCO3-/Cl- Exchanger pumps HCO3- across basolateral
membrane back to blood.

Bloo
Stomach
Lumen

d

Parietal Cell

H 2O + CO 2
1 CA

Cl-

2 H + + HCO 3-

H+

4 Cl3

HCO 3-

ATP

-Brings
Cl-

Cl-

into cell at same time.
Cl-

4) Channels let that diffuse from cytosol across apical
membrane to stomach lumen.

K+

K+

K+

EXAMPLE: Excessive vomiting causes alkalosis (↑blood pH) from loss of H+ and hypokalemia (↓K+) from the leakage of K+
during H+/K+ ATPase activity.
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Chemical Digestion of Proteins in the Stomach—Chief Cells and Acidic Autocatalysis of Pepsinogen to Pepsin:
● Chief Cells are another cell type in the gastric pits that secretes one major product—pepsinogen.
□ Pepsinogen- The precursor to the important digestive protease (cuts up proteins) pepsin.
● Pepsinogen is converted to its _____________ form—the protease pepsin—once it enters the acidic pH of the stomach.
□ Zymogen/Proenzyme- An inactive precursor that must be modified to become the active form.
-Pepsinogen is a zymogen; pepsin is an active enzyme.
-(The suffix “-ogen” tells you pepsinogen is zymogen.)
□ Auto-Catalysis- Once in ↓pH, pepsinogen cuts off some its own amino acids→pepsin.
-Acidic pH results from HCl secreted by parietal cells.
-Pepsin can then cleave complex proteins into shorter peptides.
EXAMPLE: Summary of the relationship between chief and parietal cells.

Pepsin
HCl
Pepsinogen

Parietal Cell

Chief Cell
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Regulation of Secretion in the Stomach—G Cells and Gastrin, ECL Cells and Histamine, D Cells and Somatostatin:
● Three additional cell types secrete three regulatory molecules to control secretion of HCl and pepsinogen.
● G Cells secrete gastrin.
□ Cause: ↑Proteins in stomach→↑Gastrin.
□ Effect 1: ↑Gastrin→↑HCl secretion from parietal cells.
□ Effect 2: ↑Gastrin→↑Histamine from ECL Cells.
● Enterochromaffin-Like (ECL) Cells secrete histamine.
□ Cause: ↑Gastrin→↑Histamine.
□ Effect: ↑Histamine→↑HCl secretion from parietal cells.

!"#$%&'("&

+

Proteins in
Stomach
)*+

+

+

G Cells→
Gastrin

-

+

ECL Cells→
Histamine

-

+

!"#$%&

Chief
Cells→
Pepsinogen

+

+

Parietal
Cells→
HCl (Gastric
Acid)

+

+
-

PSNS Activity→
Acetylcholine
D Cells→
Somatostatin

+

● D Cells secrete somatostatin.
□ Cause: ↑H+ (from parietal cells)→↑Somatostatin.
□ Effect: ↑Somatostatin→↓Histamine, ↓Gastrin→↓H+ (negative feedback).
-Somatostatin also inhibits Parietal cells directly.
● Parasympathetic nervous system activity (“rest-and-digest”) promotes digestion.
□ Acetylcholine from post-ganglionic parasympathetic neurons increase activity of parietal, chief, G, and ECL cells.

Page 34

ANATOMY & PHYSIOLOGY - CLUTCH
CH. 23 - THE DIGESTIVE SYSTEM

PRACTICE 1: Omeprazole (Prilosec®) is a “proton pump inhibitor,” which means it blocks the H+/K+ ATPase.
a) What cell type is targeted by omeprazole? ______________________________
b) What is the expected effect of omeprazole on stomach pH? _______________________

PRACTICE 2: Ranitidine (Zantac®) is a histamine receptor (H2 receptor) blocker.
a) What cell type is targeted by ranitidine? _________________________
b) What is the expected effect of ranitidine on stomach pH? _______________________
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CONCEPT: THE DIGESTIVE ACCESSORY ORGANS I—THE LIVER AND GALL BLADDER
Anatomy and Function of the Liver and Gall Bladder—The Bile Duct, Hepatic Portal Vein, and Enterohepatic Circulation:
● Liver is a digestive accessory organ—no food directly touches it.
□ Secretes important products that aid in digestion.
□ First body part to “receive” nutrients absorbed in the small intestine.
● Bile (aka Bile Salts)—important for digesting fats (more later)—are synthesized in and secreted by the liver.
□ Common Hepatic Duct transfers bile made in the

Liver

liver to the gall bladder.
□ Gall Bladder is a small sac that stores and
concentrates bile, secreting it when signaled.

Common
Hepatic
Duct

□ Common Bile Duct transfers bile from the gall
bladder to the duodenum.

Hepatic
Portal Vein

Gall
Bladder
Common
Bile Duct

-Sphincter of Oddi controls flow from
common bile duct into duodenum.
● Enterohepatic Circulation allows for heavy recycling of
bile salts.

Sphincter of Oddi

Duodenum

...Digestion...

Bile Salts
AND
Nutrients

Jejunum

Ileum

□ Bile salts enter small intestine in duodenum, help with digestion throughout the jejunum.
□ Reabsorbed into Hepatic Portal Vein from the ___________________→return to liver to be reused.
● All nutrients absorbed in the small intestine enter the hepatic portal vein.
□ Liver gets “first pass” at all absorbed nutrients before the rest of the body.
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PRACTICE 1: Choledocolithiasis is a disease caused by a gallstone (basically solid bile) lodged in the common bile duct,
obstructing flow and causing bile to back-up upstream of the stone. Which of the following organs are upstream of the
common bile duct and are likely to be affected in a patient with choledocolithiasis?
a) Liver.
b) Gall bladder.
c) Both of the above.
d) Neither of the above.

PRACTICE 2: A 45-year-old woman with an extensive history of Crohn Disease has a length of ileum resected (surgically
removed). With which of the following processes is this patient likely to have problems after this ileal resection?
a) Addition of bile to the small intestine.
b) Reabsorption/recycling of bile out of the small intestine.
c) Transport of bile from the liver to the small intestine.
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CONCEPT: THE DIGESTIVE ACCESSORY ORGANS II—THE EXOCRINE PANCREAS
Pancreatic Acinar Cells and Secretion of Digestive Enzymes
● Pancreas is a glandular organ beneath and behind the stomach, very near the duodenum.
□ Endocrine function: secretes insulin and glucagon to control blood glucose levels and metabolism.
□ Exocrine function: secretes bicarbonate and many digestive enzymes into the duodenum.
● Pancreas secretes bicarbonate (HCO3-) into small intestine.
□ Weak base (buffer) to ______________________ all the acid coming into small intestine from the stomach.
● Pancreas secretes many digestive enzymes:
□ Trypsin, Chymotrypsin- Break peptide bonds in the middle of proteins→smaller polypeptides.
-Carboxypeptidase- Splits amino acids off one end of a protein.
-All of these secreted as zymogens—e.g. “trypsinogen”—that are converted to active form in duodenum.
□ Pancreatic Lipase- Breaks triacylglycerides into two free fatty acids and one monoacylglyceride.
□ Pancreatic Amylase- Breaks up long polysaccharide chains.
□ Ribonuclease, Deoxyribonuclease- Breaks up nucleic acids.
● All of these secretions enter the small intestine at the duodenum, through the common bile duct and Sphincter of Oddi.
□ (Same doorway that bile salts from the liver/gall bladder use.)
EXAMPLE: Flow of secretions from pancreas into the small intestine.
Liver

Hepatic
Portal Vein
Common
Hepatic
Duct
Pancreas
Gall
Bladder
Common
Bile Duct

HCO 3- +
Digestive Enzymes
HCO 3- +
Digestive Enzymes +
Bile Salts

Sphincter of Oddi
Food +
Stomach Acid

Duodenum

...Digestion...
Jejunum

Nutrients
(+ Bile Salts)

Ileum
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CONCEPT: THE SMALL INTESTINE I: ARRIVAL AT THE DUODENUM AND INITIATION OF PANCREAS/GALL
BLADDER SECRETION
Control of Secretion into the Duodenum—Secretin and Cholecystokinin:
● Gastric Emptying- Pyloric sphincter relaxes, allows part-digested food (called chyme) to flow stomach→duodenum.
● Arrival of chyme in duodenum causes pancreas and gall bladder to secrete their products into duodenum.
□ Secretion of pancreatic/gall bladder products controlled by hormones released from duodenum.
● Secretin is a hormone released by the duodenum in response to ____________ (↓pH) in the duodenum.
□ Acid in Duodenum→↑Secretin→↑Bicarbonate Release from Pancreas into Duodenum.
□ Bicarbonate is a weak base and a buffer—neutralizes acid from stomach, protecting the small intestine.
● Cholecystokinin (CCK) is a hormone released by the duodenum in response to _______ and proteins in the duodenum.
□ Fats/Proteins in Duodenum→↑CCK→↑Digestive Enzymes (e.g. Lipase, Trypsin, et al.) from Pancreas.
-These digestive enzymes begin/continue process of breaking down fats/proteins.
□ ↑CCK→Gall Bladder Contraction and Sphincter of Oddi Relaxation→Bile Release into Duodenum.
-Bile emulsifies fats, aiding in their digestion/absorption (more later).
EXAMPLE: Feedback loop summarizing release and effects of secretin and CCK.
Gastric
Emptying

+
Acid in
Duodenum

-

-

HCO3-

from
Pancreas→
Duodenum

+
+
[Secretin]plasma

Fats and Proteins
in Duodenum

-

+

+
Secretin
from
Duodenum

+

Enzyme
(Proteases &
Lipase) from
Pancreas→
Duodenum

+

CCK from
Duodenum

+

Bile Release
(Gall Bladder
Contraction &
Sphincter of
Oddi Relaxation)

+

[CCK]plasma
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PRACTICE 1: An undergraduate researcher in a physiology lab administers an unknown hormone to a rat. The rat’s gall
bladder contracts, causing bile to be released into its duodenum. Which of the following is the likely identity of this
hormone?
a) Secretin.
b) Cholecystokinin.
c) Gastrin.

PRACTICE 2: An undergraduate researcher in a physiology lab administers an unknown hormone to a rat. The pH in the
rat’s duodenum increases. Which of the following is the likely identity of this hormone?
a) Secretin.
b) Cholecystokinin.
c) Gastrin.
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CONCEPT: THE SMALL INTESTINE II: DIGESTION AND ABSORPTION OF THE THREE MACRONUTRIENTS
-------------Small Intestine Lumen-------------

● All three macronutrients—carbohydrates, proteins, and fats—are digested and
absorbed in the small intestine.

Brush
Border

□ Enterocytes- Cells that line the small intestine.

Enterocyte

-Brush Border- Surface of villi/microvilli where some chemical
digestion/absorption occurs.
Blood

Carbohydrate Digestion and Monosaccharide Absorption:

● Carbohydrates must be absorbed as monosaccharides—single carbohydrate monomers.
□ Glucose, Fructose, and/or Galactose (in order of descending importance).
● Pancreatic Amylase breaks long polysaccharides into mono- and disaccharides.
□ Important Disaccharides: Lactose=Glucose+Galactose, Sucrose=Glucose+Fructose, Maltose=2 Glucose.
● Dissacharidases in the brush border cleave disaccharides into monosaccharides.
□ Lactase catalyzes Lactose→Glucose+Galactose.
□ Sucrase catalyzes Sucrose→Glucose+Fructose.
□ Maltase catalyzes Maltose→2 Glucose.
● Monosaccharides are absorbed into/across enterocytes via the transcellular pathway—one transporter for the apical
membrane, another for the basolateral membrane.
□ Glucose/Galactose: Apical membrane on Na+/Glucose Linked Transporter (SGLT), basolateral on GLUT2.
□ Fructose: Apical membrane on GLUT5, basolateral membrane on GLUT2.
EXAMPLE: Carbohydrate digestion by disaccharidases and absorption
Na +

by SGLT and GLUTs in the small intestine.

Glu
or
Gal

Monosaccharides

Fru

GLUT5

SGLT

Disaccharide
(Lactose,
Sucrose,
Maltose)

Disaccharidase
(Lactase, Sucrase,
Maltase)

Glu
or
Gal

Fru

GLUT2
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Protein Digestion and Amino Acid Absorption:
● Long polypeptides can’t really be absorbed—proteins mostly absorbed as individual amino acids.
□ Some di- and tripeptides (two or three amino acid chains) can be absorbed too.
● Protease- General term for enzymes that cleave ____________________ bonds to break down proteins.
● Many (but not all) digestive proteases are secreted from the _____________________ into the duodenum.
□ Proteases from pancreas secreted as zymogens—inactive precursors.
□ Enteropeptidase embedded in the brush border activates the zymogens, e.g. trypsinogen→trypsin.
● Two general categories of proteases, based on where in the protein they cut: endopeptidases and exopeptidases.
● Endopeptidases cut proteins in the ______________________ of the polypeptide chain.
□ 1 Large Protein→2 Smaller Polypeptides. (No single amino acids yet.)
Phe

□ Pepsin (in the stomach), Trypsin and Chymotrypsin

Met

Trp
Val

Iso
Thr

(secreted from pancreas→duodenum).

His

Lys

Met

Leu

Endopeptidase
(e.g. Trypsin)

● Exopeptidases free single amino acids from ________________

Phe
Met

of a polypeptide chain.

Trp
Val

□ Carboxypeptidase (from pancreas) is the major exopeptidase.
● Na+ Linked Transport is used to absorb single amino acids.

Iso
Thr

His
Met

Lys
Leu

Exopeptidase
(e.g. Carboxypeptidase)

Iso

His
Met

Lys
Leu

□ Cotransport with Na+ across both apical and basolateral membranes.
□ Different transporter for each amino acid/class of amino acids.
EXAMPLE: Absorption of amino acids in the small intestine by Na+ Linked Transport.
Exopeptidase

Na +

Na +

Na + - Amino Acid
Cotransporter

Na +

ATP
K+

Na +

Blood
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Lipid Digestion, Fatty Acid Absorption, and Chylomicron Formation:
● Lipids eaten as triacylglycerides—3 fatty acids on glycerol—plus some cholesterol.
● Lipids are very hydrophobic—stick together as large fat _______________________.
□ Bile Salts are amphipathic—have hydrophilic region and hydrophobic region.
-Hydrophobic region sticks in fat, hydrophilic region associates with water in GI tract.
□ Emulsification- Bile salts disrupt large fat droplet, making many smaller droplets→↑Surface Area.
● Lipase breaks TAGs into 2 free fatty acids + 1 monoacylglyceride.
□ Colipase breaks into fat droplet through bile salt shell, giving lipase access to the TAGs.
● Fatty acids and monoacylglyercides are still very hydrophobic—can just ___________ across lipid bilayer into enterocyte.
□ Enterocytes synthesize chylomicrons= TAGs + cholesterol + some proteins.
● Chylomicrons can diffuse across basolateral membrane, but are too big to enter a capillary.
□ Enter a lacteal—lymph vessels in small intestine wall—and are carried through lymph system.
EXAMPLE: Emulsification by bile salts, digestion by lipase/colipase, and absorption of fats.
TAG
Fat
Droplet

+ Bile
Salts
Lipase
&
Colipase

Cholesterol

Diffusion

Diffusion

+
Proteins

Chylomicron

To Lymph Vessels, then Circulation

Lacteal
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PRACTICE 1: A 1-year-old boy presents to his pediatrician with severe, constant watery diarrhea. He is diagnosed with a
genetic disease that is preventing him from absorbing glucose and galactose from his small intestine. His absorption of
fructose is normal. Which of the following proteins is likely defective in this patient?
a) GLUT2.
b) GLUT5.
c) Na+/Glucose Linked Transporter (SGLT).
d) Na+/Amino Acid Cotransporter.

PRACTICE 2: Which of the following enzymes is responsible for freeing single amino acids from the end of polypeptides?
a) Endopeptidase.
b) Exopeptidase.
c) Maltase.
d) Sucrase.
e) Lactase.

PRACTICE 3: A 45-year-old man has Whipple Disease, which causes obstruction of the lymph vessels (i.e. the lacteals) in
the small intestine. The absorption of which of the following macronutrients is likely to be most affected by Whipple
Disease?
a) Carbohydrates.
b) Proteins.
c) Lipids.

PRACTICE 4: A 45-year-old woman with an extensive history of Crohn Disease has a length of ileum resected (surgically
removed). Because bile salts are reabsorbed in the ileum for recycling, she develops a bile salt deficiency. The absorption
of which of the following macronutrients is likely to be most affected by a bile salt deficiency secondary to ileal resection?
a) Carbohydrates.
b) Proteins.
c) Lipids.
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CONCEPT: THE SMALL INTESTINE III: MOTILITY
Motility in the GI Tract:
● Motility is the (semi-)rhythmic contraction of the GI tract that continually pushes food _____________________.
□ Accomplished by smooth muscle in walls of small (and large) intestine.
● Two “types” of contractions—peristalsis and segmental contractions.
□ Peristalsis- _________________ of contraction along the length of intestine, pushes food forward.
-All smooth muscle cells connected to neighbors by gap junctions—allows depol./contraction to “spread.”
□ Segmental Contractions- One bit of wall contracts inward to cut up and mix clumps of food.
● Migrating Motor Complex is a wave of contractions that start in an ___________ stomach and end in the large intestine.
□ “Housekeeping”—just sweeping leftovers forward.
□ Motilin is a hormone released every 90-120 minutes that causes the migrating motor complex.
-Not secreted if a meal is eaten.
● Interstitial Cells of Cajal are the “pacemakers” of the GI tract.
□ Located throughout GI tract, most importantly in stomach and duodenum.
□ Sponataneously depolarize (just like pacemaking cells in SA Node of the heart).
-Depolarization then spreads through _________________ junctions.
□ Frequency of depolarization (and waves of contraction) varies from 3-12 waves/min.
-Depends on stretch of GI tract and specific location.
EXAMPLE: Peristalsis pushes food forward in the GI tract.
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PRACTICE 1: Erythromycin is an antibiotic that also can bind to and activate motilin receptors. For which of the following
conditions is erythromycin likely to be a useful treatment?
a) Diarrhea.
b) Constipation.
c) Vomiting.
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CONCEPT: THE LARGE INTESTINE
Anatomy and Function of the Large Intestine:
● Large Intestine (LI)(aka Colon) is the ___________________ segment of the
GI tract. Five regions:
□ Cecum receives food from the ileum (through the ileocecal valve).
□ Ascending Colon→Transverse Colon→Descending Colon.
-Appendix hangs off the bottom of the ascending colon.
□ Sigmoid Colon & Rectum are final regions immediately before Anus.
● Absorbing water—thereby concentrating the feces—is LI’s major job.
□ Colonocytes—epithelial cells without villi—line the LI wall.
● Mass Movements are unique large, sudden contractions that ___________________ contents forward a fair distance.
● Defecation Reflex is the removal of ____________________—pooping.
□ Mass movements push feces into the rectum→push on the internal anal sphincter.
-Stretching of/pressure on internal anal sphincter causes it to relax.
-Creates urge to defecate.
□ External Anal Sphincter is controlled voluntarily—feel the urge, then get to the bathroom and choose to poop.
EXAMPLE: “Runner’s trots” is the urgent need to defecate caused by LI bouncing/stretching from running or other exercise.
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CONCEPT: REGULATION OF GASTROINTESTINAL FUNCTION
The Enteric Nervous System and Short vs. Long Reflexes in the Digestive System:
● Enteric Nervous System- Complex networks of neurons and synapses within the walls of the GI tract.
□ Myenteric Plexus and Submucosal Plexus are two layers/collections of neurons.
□ “The Little Brain” because so much processing for GI regulation happens here.
● Short Reflexes involve only the ______________ nervous system—the stimulus information doesn’t need to go to brain.
□ Mostly the reflexes that respond to food in the GI tract.
□ Effects control motility and secretion.
□ e.g. Distention of stomach→short reflex that increases secretions.
● Long Reflexes are processed in the actual ___________________ nervous system.
□ Cephalic Reflex is when stimuli related to food—sight, smell, etc.—increases GI activity.
EXAMPLE: Flowchart comparing the central and enteric nervous systems and summarizing short and long reflexes.
Food Stimuli
(e.g. smell)

LONG REFLEX

+
Central Nervous
System (Brain)
Stimuli within GI
tract (distension,
acid, etc.)

+

+
Enteric Nervous
System

+/+

SHORT REFLEX

GI Motility
Secretions from
Stomach, Small
Intestine, Pancreas,
Gall Bladder
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The Gastrointestinal Reflexes—Short-Term Regulation:
One long reflex helps prepare the GI tract for an upcoming meal:
● Cephalic Reflex increases GI activity—secretions, motility, etc.—in response to food-based stimuli.
□ Happens __________________ actually eating—just seeing, smelling, tasting, thinking.
● After eating a meal, three short reflexes promote the efficient movement of that food along the GI tract.
□ Reflexes named for location of stimulus and location of effect.
Three additional reflexes occur during the digestion of a meal:
● Gastrocolic Reflex- Stretch in stomach→↑Large Intestine motility.
□ i.e. Eating makes you need to defecate.
● Gastroileal Reflex- Stretch in stomach→↑Ileum motility.
□ Empties ileum contents into LI, makes room to new meal.
● Defecation Reflex- Stretch in internal/external anal sphincter→urge to defecate.
□ Conscious relaxation of external anal sphincter→actual defecation.
EXAMPLE: Breakfast and coffee cause the urge to defecate in part because of the gastrocolic reflex.
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Hormones Secreted by the GI System— The “GI Peptides” GIP, GLP-1, CCK, Leptin, and Ghrelin:
● GI Peptides- Hormones secreted by the GI tract.
□ Control metabolism and appetite/satiety (hungry or not?).
● Gastric Inhibitory Peptide (GIP)
□ Stimulus for Release: ___________ in the Small Intestine
□ Effect: ↑Insulin from β cells of pancreas, ↓Emptying of Stomach
● Glucagon-like Peptide-1 (GLP-1)
□ Stimulus for Release: Food in Small Intestine
□ Effect: ↑Insulin, ↓Glucagon, ↓Hunger
● Cholecystokinin (CCK)
□ Stimulus for Release: Fats in Small Intestine
□ Effect: ↑Bile from Gall Bladder, ↓Emptying of Stomach, ↓Hunger
● Two other hormones affect hunger:
□ Leptin is released from _______________ cells as they grow.
-Effect: ↓Hunger. (Promotes satiety.)
□ Ghrelin is released from the ____________________ during fasting.
-Effect: ↑Hunger.
EXAMPLE: Summary of GI peptide effects.

Food in Small
Intestine

Fat Cells
Fasting

+
+
+
+
+

GIP
GLP-1
CCK

-+
+
+

Leptin
Ghrelin

Gastric Emptying

Insulin

Bile Release

+

Hunger
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PRACTICE 1: A 20-year-old undergraduate brings a pepperoni pizza to share with her study group. One study group
member’s mouth starts watering and stomach starts rumbling at the mere sight and smell of the pizza (i.e. before he even
takes a bite). Which of the following explains his salivation and increased GI motility before eating anything?
a) Cephalic reflex.
b) Gastrocolic reflex.
c) Gastroileal reflex.
d) Defecation reflex.

PRACTICE 2: A 20-year-old man presents to his primary-care physician complaining of frequent defecation. He reports that
he always has to leave the dinner table immediately after meals to use the bathroom, which is starting to get inconvenient
and embarrassing (he’s been dating a lot recently). Which of the following reflexes is causing this sudden urge to defecate
after meals?
a) Cephalic reflex.
b) Gastrocolic reflex.
c) Gastroileal reflex.
d) Defecation reflex.

PRACTICE 3: A 25-year-old medical student has a date scheduled for 7pm. It is currently 5pm and he is ravenously hungry,
but doesn’t want to ruin his appetite for the date (they’re going to a delicious, romantic Italian restaurant). He decides to eat
a small snack. Which of the following foods should he avoid if he wants to eat something but still wants to feel hungry for his
date in two hours? (Hint: Think about the stimuli that cause the release of the various GI peptides.)
a) Carbohydrates.
b) Proteins.
c) Fats.
d) Spaghetti.
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