


Components of the
Digestive System

Mouth

Tongue

Salivary glands:

Esophagus

Parotid gland

Sublingual gland

Liver

Gallbladder

Small intestine:
Duodenum
Jejunum
lleum

Anus

Submandibular gland

Pharynx

Stomach
Spleen
Pancreas

Large intestine:
Transverse colon

Ascending colon

Descending colon
Cecum

Sigmoid colon

Appendix
Rectum
Anal canal



Digestive Processes

The digestive processes are
ingestion, propulsion,
mechanical digestion,
chemical digestion,

absorption, and defecation.
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Ingestion ——p= Y&
of food

» Swallowing
(oropharynx)

* Peristalsis
(esophagus, stomach,
small intestine,
large intestine)

Chemical
digestion OO

= Chewing (mouth)
* Churning (stomach)
* Segmentation

(small intestine)

Defecation

Pharynx

Esophagus

Stomach

Small intestine

———— | Nutrients and water
to blood vessels and
lymph vessels
(small intestine)

* Water to blood vessels
(large intestine)

Large intestine
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Peristalsis

Propels food through the
digestive tract with
alternating waves of
muscle contraction and
relaxation

Direction
of food

*




Segmentation

Separates chyme and then pushes it back
together, mixing it and providing time for
digestion and absorption



Mouth
and
Larynx




Mouth

Includes the lips or labia,
tongue, palate, gums,
and teeth.

Superior lip

Superior labial frenulum

—— Gingivae (gums)

Palatoglossal arch

Fauces
Hard palate ]
/ I J Palatopharyngeal arch
Soft palate / / : f ] < \
A\
L l . ' \ \ \ \ Palatine tonsil
Cheek / N / \
~ i
\\ —/ ’_’_ Tongue (underside)
Molars * TN \

Lingual frenulum
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\ *\/' a{ Opening duct of
: - By submandibular gland
Premolars \, \ — =
N ] C
Cuspid (canine) \ \ i { L Gingivae (gums)
Incisors < :
Nyt

Oral vestibule

Inferior labial frenulum

/ /
p Inferior lip

Anterior view




Tongue

Skeletal muscle covered by stratified
squamous epithelia
Studded with papillae

Foliate, fungiform, and circumvallate with
tastebuds

Filiform for friction

Epiglottis

Palatopharyngeal
arch

Palatine tonsil
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Lingual tonsil

Palatoglossal
arch

Terminal sulcus

Foliate papillae

Circumvallate
papilla

Dorsum of tongue
Fungiform papilla

Filiform papilla



Salivary Glands

3 major glands located outside the oral
mucosa

Submandibular glands
Sublingual glands
Parotid glands

Secrete saliva via ducts

Regulated by autonomic nervous system

Parotid salivary gland

Parotid duct

Sublingual
ducts

Sublingual salivary gland

Submandibular salivary gland

Submandibular duct









Teeth

arranged in the maxilla and mandible

Humans have two dentition patterns

20 deciduous or baby teeth
32 permanent or adult teeth include

Incisors
Cuspids/canines
Premolars/bicuspids
Molars

Central incisor
(8-12 mo)

Central incisor
(6-8 mo)

Central incisor (7-8 yr)
Lateral incisor (8-9 yr)
Cuspid or canine (1112 yr)

First premolar or
bicuspid (9-10 yr)

Second premolar or
bicuspid (1012 yr)

First malar (6—7 yr)

Second molar
(12-13 yr)

Third molar or
wisdom tooth

Lateral incisor (12—24 mo)
Cuspid or canine
(16-24 mo)

First molar (12-=16 mo)

Second molar (24-32 mo)

Second molar (24-32 mo)

First molar (12-16 mo)

Cuspid or canine
(16—24 mo)
Lateral incisor (12—15 mo)

Third molar or
wisdom tooth

Second molar
(1113 yr)

First molar (6—7 yr)
Second premolar or
bicuspid (11-12 yr)

First premolar or

bicuspid (9-10 yr)

Cuspid or canine (9-10 yr)
Lateral incisor (7-8 yr)
Central incisor (7-8 yr)



Sectioned in the Midsaggital Plans!
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Stomach
FOUr major regions:

Cardia
Fundus
Body
Pylorus

Additional inner oblique muscle in the
muscularis layer

Stomach overview (5:58)

Esophagus
Muscularis externa:

Longitudinal layer
Circular layer
Oblique layer

Lesser curvature

Pyloric sphincter

(valve) at pylorus \

Duodenum

Pyloric canal

Pyloric antrum

Cardia

Fundus

Serosa

— Body

Greater curvature

Lumen

Rugae of mucosa



Small Intestine

RegionS |nCIUde the Duodenum
duodenum, jejunum, and
Ileum Jejunum

Several accessory organs
enter via hepatopancreatic lleum

sphincter -
Large intestine

Rectum




Small Intestine Histology

Circular folds, villi, and microvilli maximize
surface area for minimized volume (a L to R)

Micrographs
Circular folds (b)
Villi (c)
Microvilli (d)

Vessel carrying
blood

i

Lumen

Circular
folds

Absorptive cells

Capillary Microvilli
Artery (brush border)
Goblet cell

— Intestinal crypt

Muscularis mucosae

(b) LM x 56
(credit b-d: Micrograph provided by the Rege

Lymphatic vesicle

Duodenal gland

© LMx508 @ EM x 196,000
nts of University of Michigan Medical School © 2012)



Large Intestine

Regions include the cecum with appendix, colon,
rectum, and anal canal

Intestinal absorption (13:30)

Right colic
(hepatic) flexure Left colic

(splenic)

flexure
Transverse
colon
Ascending Descending
colon colon
lleum
Cecum
Vermiform Sigmoid
appendix colon

Rectum

Anal canal ——




Accessory Organs

considered accessory
digestive organs, but
their roles are vital

Liver
Pancreas
Gallbladder

Salivary glands (discussed earlier) too

Gallbladder

Right hepatic duct

Cystic duct

Common hepatic duct

Common bile duct

Left hepatic duct

Liver:

Right lobe
Quadrate lobe
Left lobe
Caudate lobe

Spleen

¥ X \— Pancreas

Pancreatic duct



Liver

receives oxygenated blood from
the hepatic artery and nutrient-
rich deoxygenated blood from the
hepatic portal vein

Filters blood and processes nutrients

Synthesizes bile to emulsify lipids

Central vein

Connective
tissue

Lobules

Interlobular vein
(to hepatic vein)

Sinusoids

Central vein

Plates of Portal venule

hepatocytes Portal arteriole

Bile duct

From portal vein



Common bile duct Pancreatic duct

\E—Tail of

pancreas

Pancreas

Lobules

Acinar ceis deliver pancreatic juice B, Aciner celis secrete
to the duodenum through the Head of pancreas g Cloesthp eraymes.
pancreatic duct

Pancreatic islets secrete insulin and glucagon

Pancreatic islet —
cells secrete '
hormones.

Pancreatic duct

|
Exocrine cells secrete pancreatic juice.



Left hepatic duct

Ga”bladder Right hepatic duct

Cystic duct
stores and concentrates

bile for release to the

small intestine on Gallbladder:

demand via the cystic Body

dUCt Fundus
Neck

Common
hepatic duct

Common
bile duct



Viral Hepatitis
Differential

~eatures

Features Hepatitis A Hepatitis B Hepatitis C Hepatitis D Hepatitis E
Genome type Ss RNA Ds DNA Ss RNA Ss RNA Ss RNA
Genome size 7.5 kB 3.2 kB 9.4 kB 1.7 kB 7.5 kB
Incubation period, | 15-49 (30) 28-160 (70-80) | 15-160 (50) 21-140 (35) 15-65 (42)
days (mean)

Fecal-oral yes no no no yes
transmission

Parenteral rare yes yes yes no
transmission

Sexual no yes, common yes, uncommon yes, uncommon no
transmission

Fulminant <1% <1% rare 2-7.5% ~1%, 30% in
hepatitis pregnancy
Chronic hepatitis | no 10% 85% 90% with no

superinfection




Digestion and Absorption

Carbohydrates, proteins, lipids, and nucleic acids with unique
locations, enzymes, and mechanisms

Digestion enzymes table 23.8
Absorption mechanisms table 23.10

Esophagus

Liver

Gallbladder
Pylorus

Pancreas

Rectum
Anal sphincter A—

[+ Mechanical digestion includes
chewing and swallowing

* Chemical digestion of
| carbohydrates, fats

* Mechanical digestion includes
peristaltic mixing and propulsion

» Chemical digestion of
proteins, fats

* Absorption of lipid-soluble
substances such as alcohol
| and aspirin

+ Mechanical digestion includes
mixing and propulsion, primarily
by segmentation

* Chemical digestion of
carbohydrates, fats, polypeptides,
nucleic acids

* Absorption of peptides, amino
acids, glucose, fructose, fats,
water, minerals, and vitamins

[+ Mechanical digestion includes
segmental mixing and propulsion

* No chemical digestion (except
by bacteria)

* Absorption of ions, water,
minerals, vitamins, and organic
molecules




Starch
Glycogen

-4—— Salivary amylase

Carbohydrate Digestion

Begins in mouth, stops in stomach, and
finishes in small intestine Y

Broken down into monomers in a series of Disaccharides
steps
Maltose Sucrose Lactose
Maltase Sucrase Lactase
Monosaccharides
2 glucose 1 glucose 1 glucose
1 fructose 1 galactose




Protein Digestion

segins in the stomach and
is completed in the small
intestine

Broken down into monomers in a series of
steps

The liver regulates
distribution of
amino acids to the
rest of the body

Protein digestion
begins in the
stomach by
hydrochloric
acid and the
enzyme pepsin

Absorbed amino
acids enter the blood

and travel to the liver Protein-digesting

enzymes are
secreted from
the pancreas
into the small
intestine

The small
intestine is the
major site of
protein digestion;
final digestion
occurs here

A small amount
of dietary protein
is lost in the feces

Protein

-4—— Pepsin

Large
polypeptides

Short peptides
and amino acids

Amino acids




Water Absorption

Most occurs in the large intestine

Minerals and water soluble vitamins in tandem

Dietary input
Food and drink 2000 mL

Digestive secretions
Saliva 1500 mL

Gastric secretions
1500 mL

Liver (bile) 1000 mL

Pancreas (pancreatic
juice) 1000 mL

Intestinal secretions
2000 mL

Colonic mucous
secretions 200 mL

5000 mL

o

8000 mL

1200 mL

—7 ¥

Water
reabsorption

—e- Small intestine
reabsorbs
7800 mL

1400 mL

e G, 0lON
reabsorbs
1250 mL

150 mL lost
in feces



Lipid Absorption

rransformed into micelles
and chylocmicrons

Lacteals transport

( ) — Fatty acids and
monoglycerides
O Fatty acids and mono-

ﬁ ﬁ {?\— glycerides (resulting
from fat digestion)

!_ume_n of {:}: Emulsion\ leave micelles and
intestine

ﬁﬁf enter epithelial cell
i:i— Micelles

Absorptive -j:}; l

Spitholial co8 Fatty acids link to

form triglycerides

fl

Fatty globules combine
with proteins to form
chylomicrons (inside
Golgi apparatus)

Chylomicrons are
extruded from the
epithelial cell and
enter a lacteal
(lymph capillary)

Capillary Lymph in the

lacteal transports
chylomicrons away
from intestine



