Digestive System: Chapter 24

All living organisms need nutrients for anabolic and catabolic processes
Anabolic
Catabolic

2 Types of Organs:
1. Alimentary Canal (Gl tract)

2. Accessory Organs
Functions of the Digestive System

1. Ingestion:

2. Mechanical processing:

mechanical digestion:

3. Digestion:

chemical

4. Secretion:

5. Absorption:

6. Excretion (defecation):

Lining of digestive tract also protects:

1.) corrosive effects of enzymes, chemicals

2.) mechanical stresses

3.) bacteria/pathogens in food

Digestive Organs and Peritoneum:
peritoneal cavity:
parietal vs. visceral peritoneum

peritoneal fluid



ascites:
peritonitis:
mesenteries: sheets of peritoneal membrane
passageway for
lesser omentum
greater omentum
retroperitoneal organs

Gl Tract or Alimentary Canal: walls consist of 4 tunics
1. Mucosa:

-moist epithelial membrane either simple or stratified epithelial tissue

-lamina propria: areolar tissue
contains blood and lymph vessels
-lines lumen of cavity from
- plicae: transverse folds
-functions:
1.

2.
3.

2. Submucosa:
-dense irregular connective tissue
-submucosa plexus: contains sensory neurons
of enteric nervous system (ENS) & ANS

3. Muscularis (muscularis externa):

-causes segmentation and peristalsis

under control of ENS & ANS

-has circular layer which forms sphincters

-myenteric plexus

Controlled by ENS & ANS
-parasympathetic stimulation:

-sympathetic stimulation:
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4. Serosa: visceral peritoneum
-outermost layer

Movement of Digestive Materials
smooth muscle in digestive tract

1.) peristalsis

2.) segmentation

Control of Digestive Function
1.) Neural Mechanisms:
autonomic nervous system (ANS) & CNS
mainly control via long reflexes

enteric nervous system (ENS)
2" brain
mainly control via short reflexes (local)

2.) Hormonal Mechanisms
digestive tract produces over 18 hormones
many produced in enteroendocrine cells

3.) Local Mechanisms
prostaglandins, histamine & other chemicals

coordinating responses to changing conditions

Functional Anatomy of Digestive System

1. Mouth: oral or buccal cavity
Alined with stratified squamous epithelium
Area inferior to tongue is very thin and vascular to quickly absorb lipid soluble drugs

Amechanical digestion:
Achemical digestion:

Apal ate: hard and soft (uvul a)
At ongue:

- lingual frenulum

-contains taste buds, mucous, serous glands
- makes lingual lipase

-bolus



-papillae:
-fungiform:

-circumvallate:
Asalivary glands

3 pairs of salivary glands:
1. parotid

2. submandibular: produce 70% of all saliva
3. sublingual:
functions of saliva:
a. cleans
b. dissolves
C. moistens

d. contains enzymes

saliva contains: 99% water, electrolytes, buffers

-mucin: forms thick mucus:
-IgA:

-lysozyme:

salivation controlled by ANS
salivary reflex triggered by parasympathetic and/or food in mouth

Ateeth: mastication
- occclusal surfaces:
-deciduous teeth
-permanent teeth

classification of teeth
a. incisors:

b. canine:
C. premolar:

d. molar:



Each tooth has:
enamel covered crown:

cementum:
dentin:
central pulp cavity
gingiva:

2. Pharynx:

oropharynx
laryngopharynx

3. Esophagus:
Acontains all 4 alimentary canal |l ayer s:

Aupper esophageal sphincter and lower esophageal sphincter (cardiac sphincter)

AGERD (gastroesophageal reflux disease)
-heartburn
A e s o p hHkiagus: apening in diaphragm

Ahi at a lanatomicahabnarmality

Swallowing or deglutition:
voluntary and involuntary control
swallowing reflex T medulla contains swallowing center
stimulated by receptors on uvula

4. Stomach - on left side

Functions:
1.) storage of food

2.) mechanical digestion
muscularis externa has circular, longitudinal muscle
and obligue layer of muscle

3.) chemical digestion

4.) production of intrinsic factor



A. Gross Anatomy:
Avol ume dnepends
rugae

Afundus:
Acardiac region:

Alesser curvature vs. greater curvature
Abody of stomach

Apyl orus:
A ¢ o oous with duodenum

Apyloric sphincter

B. Microscopic Anatomy:
Ahas 4 tunics
Al i ni ng of aissiastritagits whioh contain gastric glands

Agastric glgastridjgicepr oduce
Cells in gastric glands: Parietal Cells: make HCI & intrinsic factor
Chief Cells: secrete pepsinogen
G cells: make gastrin

1. parietal cells T production of HCI (page 881)
HCl is important for:
1.) Protection
2.) Breaking down meat

3.) Activating pepsin from pepsinogen

HCI synthesis: uses CO,
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2. Parietal Cells also make Intrinsic Factor:

3. Chief Cells secrete:
Pepsinogen (inactive form of enzyme pepsin)

Rennin

4. G cells make gastrin
Gastrin is a hormone that

Regulation of Gastric Activity:
-controlled by the CNS, ENS, Hormones

-normally

-3 phases (sites) of stimuli which increase/decrease gastric secretions
(p. 881 figure 24-15)

1. Cephalic Stage:
Atriggered by

Aonly occurs when like or want the fo

vagus nerve innervates mucous cells, chief cells, parietal cells and G
cells of stomach

emotions affect gastric secretions during this phase

2. Gastric Phase:
1. local responses:
-gastric distension i stretch receptors
Increases parasympathetic stimulation

triggers release of histamine

2. neural reflexes
stretch reflex: ACh stimulates secretion after stretch

chemoreceptors respond to proteins, alcohol, caffeine & pH
if pH ¥ will increase HCI production

3. hormonal responses: release of gastrin



3. Intestinal Phase:
1. neural responses:

Enterogastric Reflex: stimulated when chime enters duodenum
- inhibits gastrin production & stomach contractions
-causes pyloric sphincter to tighten/close

- ensures even, slow delivery of acidic chyme into duodenum

2. hormonal responses

-chyme enters duodenum stimulates intestinal mucosal cells
to release hormones:

CCK: decreases gastric activity i inhibits gastric secretion of juice
and enzymes and stimulates pancreas to release enzyme-rich juice

GIP (gastric inhibitory peptide): decreases gastric activity,
stimulates duodenal glands, stimulates insulin release

Secretin- released when pH drops to 4.5 or lower
inhibits parietal & chief cell activity
stimulates secretion of bile
stimulates pancreas to release bicarb. rich juice

D. Mucosal Barrier: important to protect stomach from acidity/enzymes
1. thick coating

2. epithelial cells
3. damaged mucosal cells

gastritis:

E. Digestive Processes in Stomach
Aprotein digestion:
pepsin

Al'i pid solubl e

not much absorption i thick mucus layer
aspirin absorbed in stomach

Achy me:



Motility:
Ast omach contractions:

Aliquids & small mol ecul es pass through

pyl

Astrength of stomach contractions affected |

Aalcohol & caffeine stimulate gastric secretion & motility

Emptying:
Ausually empties
Adepends on
Ame al hi g@ndwith alcBhalCcaffeine)
Avomiting (emesi s)
-initiated by:
5. Small Intestine:
Amost absor pt (99%) ocoufs insmatl intéséne t s
A. Gross Anatomy:
Apyloric sphincter to iliocecal valve
Asi ze:
A3 subdivisions:
1. duodenum:
- receives chyme from stomach & enzymes/secretions from pancreas
and liver
-hepatopancreatic sphincter:
2. jejunum:
Site of most chemical digestion & absorption
3. ileum
-ends at ilecocecal valve
B. Histology of the small intestine wall: (pg. 886)
Ahas 4 tunics

Aepithelium: si mmobetcadlo|l umnar cell s

Aas plica circulares & intestinal villi -with microvilli
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Plica Circulares:

Intestinal Villi: fingerlike projections of mucosa

Arteriole Venule Lymphatic

vessel
© Covered/formed by simple columnar epithelial cells
Each villus contains:
Each columnar epithelial cell contains microvilli (brush border)
C. Intestinal glands: found at the base of the villi

-enteroendocrine cells produce brush border enzymes & intestinal juice

D. Regional specializations:
0 Duodenum
-contains duodenal glands:

- Enterocrinin: stimulates production of mucin

0 Il eum
-contains Peyerds Patches:
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E. Intestinal Juice: from intestinal glands, chyme, mucosa
moistens chyme, buffers acids, liquefies food

F. Motility of the Small Intestine: food in small intestine aprx. 5 hrs.

0 VIP (vasoactive inhibitory peptide): sti
glands, dilates capillaries (increase absorption)

0 smooth muscle mixes chyme w/ bile and mov

0 segmentation:

0 gast r ox triggaréd by sedtch receptors in stomach relaxes ileocecal
valve (sphincter)

6. Pancreas:
Aaccessory organ
Anhas head, body, tail
Aretroperitoneal

AExocrine & endocrine gland:

Aendocrine function: Il slets of Langerhans
Alpha & beta cells:

AExocrine function: acini cells
produce many enzymes for digestion

leave via pancreatic duct 1 joins with common bile duct to drain into
duodenum

controlled by hepatopancreatic sphincter (ampulla)
Apancreatic juice:
consists mostly of water, enzymes, and electrolytes (HCO3)
enzymes: pancreatic amylase

pancreatic lipase
proteases

under control of hormones:
Secretin

CCK
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Apancreatitis: can be fatal i blockage in pancreatic duct prevents pancreatic juices
from leaving pancreas

7. Liver: largest gland in body
I. Gross Anatomy of Liver
A4 1l obes: falciform ligament divides right & | ¢
Aenclosed by visceral peritoneum

Al esser oment um:

A p o hepatis

Blood Supply: Hepatic portal vein
Hepatic artery
Hepatic vein

Common bile — Hepatopancreatic bile
duct sphincter d}.oct

| ‘ . -
al

I

Intestinal lumen  Pancreatic duct

(a)
Copynght © 2004 Fearson Educaton, Inc. publishing as Besjamn Currenngs

AR, L Hepatic Ducts: drain liver
AR, L Hepatic Ducts merge to form the Common hepatic duct:
Acystic duct:

ACommon bile duct:

A ephtopancreatic sphincter
12



Il. Microscopic Anatomy:
Lobes contain lobules
Al i ver |89D idomain:hepdtqrytes (liver cells)
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At each corner is a portal triad: contains 3 structures
1. a branch of the hepatic portal vein T bringing nutrient rich blood from stomach
and small intestine to the liver for processing

blood flows through sinusoids toward central vein

2. a branch of the hepatic artery

3. a branch of the bile duct i receives bile from bile canaliculi (move bile away from
central vein to triad)

bile flows out toward portal triad to bile duct

bile ducts drain into right and left hepatic ducts
R, L Hepatic Ducts merge to form Common Hepatic Duct

A's i nde & Kupffer cells

sinusoids drain into central vein which drains into hepatic vein which empty into the
IvC

Ahepatocytes: functions
1. Synthesis of bile

2. CHO metabolism: glycogenesis, glycogenolysis, gluconeogenesis
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3. Protein metabolism: removes amino acids from blood for protein synthesis
or converts them to glycogen or lipids (lipogenesis) for storage.

4. Lipid metabolism and storage of fat soluble vitamins (A,D,E,K)
regulates fatty acid, cholesterol & triglycerides in blood
5. Detoxification
deaminates amino acids and forms ammonia, converts ammonia to urea
6. Stores iron
7. Drug inactivation

8. Removal of hormones and antibodies
absorbs and recycles epi, NE, insulin, thyroid hormones,
steroid hormones
breaks down antibodies and recycles amino acids
9. Removal/storage of toxins
Liver Damage:

signs/symptoms: jaundice, edema

liver enzyme tests: aminotransferases (ALT or SGPT, AST or SGOT)

Adrug toxicity
Ah e p dAB,aD0,BH: vial
S/s: fever, headache, vomiting, abdominal pain, nausea, loss of appetite, jaundice
Hepatitis A: spread through food/water contaminated with feces from infected
person (hepatitis A vaccine)
Tx: Immunoglobulins usually resolves on its own
Hepatitis B: spread through blood transfusions/sexually transmitted, mother i child
(hepatitis B vaccine)
Tx for chronic form: alpha interferon, (peg interferon), antiviral drugs
Hepatitis C: mainly spread through blood transfusions/sexually transmitted,
mother 1 child

(no vaccine)
Tx: ribavirin & peg interferon
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Acirrhosi s
Chronic liver disease

Bile:
Acontains: water, i ons, bilirubin, bile salts (
Ai mportant emulsifier
8. Gallbladder:
Aaccessory organ
Ast or es/ r ébile eaves galladderaia cystic duct

Cystic duct merges with Common Hepatic Duct to form Common Bile Duct which
drains into duodenum

ACholecystokinin (CCK): 4 effects:
1. triggers contraction of the gallbladder
2. stimulates production/secretion of enzyme-rich juice from pancreas
3. relaxes hepatopancreatic sphincter

4. decreases gastric activity

5. decreases appetite

Abile major way chol esddger ol is excreted from tt}
-when bile salts inadequate cholesterol crystallizes
- cholecystitisi igal | st oneso

Hormonal Control of Digestion:
Major hormones are:

9. Large Intestine: (pg. 898)
cecum, appendix, colon, rectum, anal canal

cecum:

vermiform appendix:
small sac contains bacteria (biofilm) i may replenish intestinal bacterial after iliness
wipes out colonies
appendicitis

colon: ascending, transverse and descending, sigmoid

haustra: small pouches in wall of colon

taeniae coli: longitudinal bands of smooth muscle
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rectum/ & anal canal i anus
internal anal sphincter i smooth muscle
external anal sphincter i skeletal muscle
hemorrhoids: veins in submucosa become distended
|. Digestive Processes of Large Intestine:
primary functions:
1.) reabsorption of water & bile salts

2.) excrete wastes (feces)

3.) absorption of vitamins: K, biotin, B5
Vitamin K:

Biotin:

Pantothenic Acid (B5):

[l. Microscopic Anatomy of Large Intestine:
differs from small intestine: no villi
many goblet cells

Bacterial Flora:

Aifriendlyo bacteri a:takeypespadea n't
Prevent growth of pathogenic bacteria

colonic bacteria use fiber for metabolism i produce flatus

l1l. Motility of Large Intestine:
Gastroileal and gastroenteric reflexes move food into cecum

characteristics of muscle contraction: slow movement
mass movements

diverticula:

defecation:

defecation reflex initiated by stretch
parasympathetic (vagus nerve)

internal anal sphincter: involuntary
external anal sphincter: voluntary

or

competi ti
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Essential Nutrients:

Chemical Digestion
Uses enzymes to break larger molecules into smaller ones for absorption for use by cells.
Absorption: (p. 903)

most nutrients absorbed by active transport

1. CHO:

moved through 3 layers:

1. into columnar epithelial cell of small intestine wall

2. out of the back of the cell into interstitial fluid

3. into the capillary (blood)

2. Proteins: AA same as

3. Lipids

AFFA combine with bile salts and lecithin t

micelles transport to epithelial cell of small intestine and drops off the fats

fats diffuse through cell membrane

Aonce inside epithelial cel l FA and
combine with phospholipids, cholesterol, lipid soluble vitamins and, are coated

with protein to form lipoproteins called chylomicrons (CM)

Achyl omicrons too | ar g esotreabgpdeddy ldcteal o

travel in lymph until dumped into blood at subclavian vein

glycer ol

bl ood
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