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1. Approximate the volume of fluid secreted by specialized epithelial cells of the GI tract in a typical day. What percentage of these fluids and electrolytes are reabsorbed?

· Four to seven liters of fluid are secreted each day by the Gl tract. 

· An additional one to two liters is usually ingested. 

· Of this total volume, 98% will be absorbed.

2. Complete the following chart summarizing gastric cell types:

CELL TYPE
PART OF STOMACH
SECRETION PRODUCT
STIMULUS


parietal cells
HCI
gastric,

fundus
intrinsic factor
vagal (ACh)

HCl

Intrinsic factor

histamine
Gastrin, vagal (Ach), histamine


chief cells


fundus 
Pepsinogen
Vagal (Ach)


G cells 
Antrum
Gastrin
Vagal, small peptides; inhibited: somatostatin, H+

Mucous cells
Antrum
Mucus
Vagal (Ach)

3. Summarize GI secretions in the following chart:

SECRETION
CHARACTERISTICS
STIMULATED BY
INHIBITED BY

saliva
high HC03‑, K+

hypotonic, amylase
Parasympathetic, sympathetic
Dehydration, fatigue, fear

Gastric
HCl

pepsinogen

intrinsic factor
Gastrin,
parasympathetic
low pH, chyme in duodenum via secretin, GIP, sympathetic

Pancreatic

(Exocrine)
high HCO3‑, isotonic. Pancreatic lipases, 

pancreatic amylase, 

pancreatic proteases
Secretin stimulates HCO3-rich secretion.

CCK stimulates zymogen secretion.
Parasympathetic stimulates both.
?

Hepatic
bile salts, bilirubin, phospholipids, cholesterol
Secretin, CCK, parasympathetic

(CCK also stimulates gallbladder bile release)
?

4. Fill in the following chart on GI hormones:

HORMONE
SITE OF SECRETION
STIMULUS FOR SECRETION
ACTION

Gastrin
G cells of stomach
small peptides and amino acids, distension of stomach,

 vagus;

 inhibited by gastric H+
increase gastric H+, 

stimulate pepsinogen secretion

mechanical chyme breakdown (antral contraction);

delays gastric emptying (incr. pyloric tone);

stimulates mucosal growth;

=keeps food in stomach to churn and burn (with acid and pepsin) without making ulcers.

CCK
I cells of duodenum and jejunum
small peptides and amino acids, fatty acids
Stimulates pancreatic zymogen secretion,  intestinal motility, and gallbladder contraction.

Delays gastric emptying.

= increase protein and fat digestion and get chyme going from duodenum on into the intestine before the next wad enters from the stomach

Secretin
S cells of duodenum
Three kinds of duodenal acids: H+,

 fatty acids, 

and bile acids
Stimulates pancreatic and biliary

 HC03‑ secretion. 

Inhibits gastric emptying, gastric acid secretion and intestinal motility. 

=Prevents excess acid in duodenum by slowing  down its entry from stomach and by  neutralizing it. Helps CKK by giving it more time and providing alkaline pH for pancreatic enzymes to work better.

5.  Draw or describe the two-stage model of salivary secretion.
First, acinar cells secrete an amylase-containing isotonic secretion rich in sodium, chloride, and bicarbonate. Second, ductal cells modify this secretion, reabsorbing sodium and chloride while secreting potassium and bicarbonate. Because more NaCl is reabsorbed than KHCO3 is secreted, and the ductal cells are impermeable to water, a hypotonic saliva can be formed.  
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6. Describe major ion transport mechanisms of parietal cells. H+ and HC03‑ are formed by hydration of C02 by carbonic anhydrase. H+ is secreted into the lumen by a H+ K+ ATPase in exchange for K+, Cl‑ flows into the lumen through an electrogenic channel. HCO‑ and Cl‑ are exchanged basolaterally, with the build up of intracellular HC03‑ powering the active uptake of Cl‑. 
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7. Name a few of the enzymes excreted by the exocrine pancreas. (40/9) Amylase (carbohydrate digestion); trypsinogen, chymotrypsinogen, proelastase, procarboxypeptidases A and B (proteolytic); lipase, colipase, phospholipases, cholesterol esterase (lipolytic); ribonuclease, deoxyribonuclease (nucleolytic).

8. Explain enterohepatic circulation. (40/10)
Primary bile acids are released from hepatocytes into the bile canaliculi and travel into the bile ducts and into the gall bladder for storage where they are concentrated. CCK and vagal stimulation cause gall bladder contraction and release of bile into the intestine, where bile acids are hydroxylated by bacteria in the gut to secondary bile acids. In the distal ileum secondary bile acids are actively absorbed and transported by the portal circulation back to the liver where hepatocytes take up the bile acids from the liver sinusoids, and the cycle repeats.

9. Diagram the hormonal and neural control of gastric emptying. (See syllabus, 42/6.)
Gastric emptying is determined by pyloric sphincter tone, which is regulated by dudoenal hormones (secretin, CKK, GIP), gastrin, and by the ENS (“intrinsic plexuses”) and ANS. Gastrin should also be included in this diagram (sorry) even though there is no ENS component of gastrin’s action on pyloric tone. 
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10. Zollinger‑Ellison syndrome is characterized by a gastrin secreting tumor, usually located in the pancreas. What might be the manifestations of such a tumor?
Elevated serum gastrin would probably lead to elevated HCl secretion in the stomach. Additionally, elevated HCl can lead to increased pepsinogen release. The combination can lead to ulcers in the duodenum since the amount of HCl entering the duodenum would be too great to be neutralized by pancreatic, biliary and duodenal secretions and thereby causes the pH in the duodenum to be much lower than normal. The low intestinal pH would be expected to cause an increased release of secretin which normally would act as a feedback inhibitor of gastric and HCl release.

11. Name three mechanisms that control GI activity. (42/1)

1) Nerves:  neurotransmitters of the ENS and autonomic nervous system (sympathetic and parasympathetic).[There is also some skeletal muscle contraction in regions where such muscle exists (as in parts of the esophagus). Innervation is via alpha motor neurons in that case.]

2) Blood:  endocrine hormones

3) Local interstitial space:  paracrine hormones

12. Name and describe three phases of initiation and regulation of postprandial activity. (42/1 and 43/3)

1) Cephalic phase: within minutes of eating a meal (or even before anything is eaten), olfactory, visual, and gustatory stimuli combine to initiate gut activity and gastrin secretion, mediated by vagal fibers.

2) Gastric phase: entrance of the food bolus into the stomach causes distension of the gastric wall, which halts the MMC (migrating myoenteric complex) to allow for digestion. Gastric distention also initiates both local (submucosal plexus) and central (vagal) reflexes for both gastrin secretion and direct stimulation of H+ secretion. The presence of protein in that bolus of food further stimulates gastrin (and therefore H+) secretion.

3) Intestinal phase: During gastric emptying, acid entering the small intestine stimulates the release of secretin by the duodenum. Secretin inhibits gastrin, providing negative feedback control of acid secretion. Acid and other digestive products leaving the stomach also trigger both neuronal and hormonal signals to initiate motor activity of the intestine and regulate gastric emptying.

13. CASE:  My roommate Peter claims that he is “lactose intolerant”.  Whenever he eats ice cream, pizza, or other dairy products, he spends long, painful nights in the bathroom.  What does he mean?  What are some of the complications of this condition?
Lactose intolerance is due to an intestinal deficiency in the enzyme lactase which breaks down lactose into glucose and galactose.  In lactase deficiency, lactose is not digested and remains in the lumen of the intestine where it retains water and causes an osmotic diarrhea. Unabsorbed lactose also provides fuel for enteric bacteria which causes discomfort through gas production, etc…  In diarrhea, much fluid is lost from the body in a short period of time.  This can result in a depletion of the extracellular fluid volume and, ultimately, in decreased arterial pressure.  The baroreceptor mechanisms and renin-angiotensin system will thus kick in to try to restore this fall in MAP.  In addition, diarrheal fluid has a relatively high concentration of HCO3 and K and loss of this bicarbonate ion can lead to a metabolic acidosis and hypokalemia.
14. Outline the digestion and absorption of dietary lipids.  (Include enzymes) (41/7)
After ingestion, most of the digestion occurs in the duodenum and jejunum by several pancreatic lipolytic enzymes. (Note:  a small amount occurs in the stomach due to gastric lipase action from fundus glands—which is interesting because the fundus is on top and fat floats).  The action of these enzymes in the duodenum and jejunum is facilitated by bile which causes emulsification, increasing the surface area of contact between the enzymes and the lipid.  During enzymatic digestion, these bile salts are displaced by colipase which allows glycerol ester hydrolase to hydrolyze the TG into 2 FFA’s and a monoglyceride.  Cholesterol ester hydrolase cleaves cholesterol in to FFA’s.  The action of phospholipase A is to break down glycerophosphatides into a FFA and a lysophosphatide.  These products all aggregate to form micelles which are small enough to swim around between the microvilli in an “unstirred layer.”  Micelles release a halo of lipids and lipid digestion products at close proximity to epithelial cells.  The lipid digestion products are all able to diffuse into the cell due to their high lipid solubility. However, epithelial cells can also utilize FABPS (fatty acid-binding proteins, Na dependent cotransporter for long chain fatty acids) and SCPS (sterol carrier proteins for cholesterol) to mediate uptake of these lipid products.  In the SER, lipid resynthesis occurs eventually forming chylomicrons which are exported by exocytosis and enter the lacteals (a lymphatic vessel which runs in the center of each villus) as lymph.
(Be able to outline protein and carbohydrate digestion in a similar fashion.)
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