' HUMAN
| ANATOMY

THE DIGESTIVE SYSTEM
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( Digestive System Functions

The digestive system performs six basic processes:
1. Ingestion.
This process involves taking foods and liquids into the mouth (eating).
2. Secretion.
\ Each day, cells within the walls of the Gl tract and accessory digestive
organs secrete a total of about 7 liters of water, acid, buffers, and enzymes
into the lumen (interior space) of the tract.
3. Mixing and propulsion.
) Alternating contractions and relaxations of smooth muscle in the walls of
e Gl tract mix food and secretions and move them toward the anus.
This capability of the Gl tract to mix and move material along its length is
called motility

6/19/2017




6/19/2017

-

Digestive System Functions

4. Digestion.
Mechanical and chemical processes break down ingested food into small molecules.
In mechanical digestion the teeth cut and grind food before it is swallowed, and
then smooth muscles of the stomach and small intestine churn the food to further
assist the process.
‘ As a result, food molecules become dissolved and thoroughly mixed with digestive
enzymes.
In chemical digestion the large carbohydrate, lipid, protein, and nucleic acid
molecules in food are split into smaller molecules by hydrolysis.
Digestive enzymes produced by the salivary glands, tongue, stomach, pancreas, and
\ small intestine catalyze these catabolic reactions.
I A few substances in food can be absorbed without chemical digestion.
These include vitamins, ions, cholesterol, and water.
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Digestive System Functions

5. Absorption.

The entrance of ingested and secreted fluids, ions, and the products of digestion

into the epithelial cells lining the lumen of the Gl tract is called absorption.

The absorbed substances pass into blood or lymph and circulate to cells

throughout the body.

6. Defecation.

Wastes, indigestible substances, bacteria, cells sloughed from the lining of the Gl

tract, and digested materials that were not absorbed in their journey through the

digestive tract leave the body through the anus in a process called defecation.
\ The eliminated material is termed feces or stool.
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The four layers of the Gl tract, from deep to superficial, are the mucosa,
submucosa, muscularis, and serosa.

Mesentery

Layers of the
Submucosal plexus
G I Tra C t (plexus of Meissner)

Gland in
mucosa

Glands in
submucosa

Duct of gland
outside tract
(such as
pancreas)

Mucosa-associated
lymphatic tissue
(MALT)

‘ Lumen

MUCOSA:
Epithelium
Lamina propria
Muscularis mucosae

SUBMUCOSA

SEROSA:
Areolar connective tissue
Epithelium

MUSCULARIS:
Circular muscle
Longitudinal muscle

Neural Innervation of the Gl Tract

Enteric Nervous System
It consists of about 100 million neurons that extend from the esophagus to the anus.
The neurons of the ENS are arranged into two plexuses:
the myenteric plexus and
submucosal plexus
The myenteric plexus(myo-muscle), or plexus of Auerbach, is located between the
longitudinal and circular smooth muscle layers of the muscularis.
\ The submucosal plexus, or plexus of Meissner, is found within the submucosa.
The plexuses of the ENS consist of motor neurons, interneurons, and sensory

utonomic Nervous System
Gastrointestinal Reflex Pathways
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Neural Innervation of the Gl Tract

Autonomic Nervous System

Although the neurons of the ENS can function independently, they are subject to
regulation by the neurons of the autonomic nervous system.

The vagus (X) nerves supply parasympathetic fibers to most parts of the Gl tract,
with the exception of the last half of the large intestine, which is supplied with
parasympathetic fibers from the sacral spinal cord.

The parasympathetic nerves that supply the Gl tract form neural connections with
the ENS.

Emotions such as anger, fear, and anxiety may slow digestion because they
stimulate the sympathetic nerves that supply the Gl tract.

Gastrointestinal Reflex Pathways

‘Many neurons of the ENS are components of Gl (gastrointestinal) reflex pathways
that regulate Gl secretion and motility in response to stimuli present in the lumen of
he Gl tract.

Peritoneum

The peritoneum (peri-around) is the largest serous membrane of the body; it
consists of a layer of simple squamous epithelium (mesothelium) with an
underlying supporting layer of areolar connective tissue.

The peritoneum is divided into the parietal peritoneum, which lines the wall of the
abdominal cavity, and the visceral peritoneum, which covers some of the organs in
the cavity and is their serosa.
The slim space containing

MESOCOLON
lubricating serous fluid that is s
# i MESENTERY
between the parietal and Jejunum w
visceral portions of the g ff
4 i GREATER OMENTUM
peritoneum is called the e

PARIETAL PERITONEUM

‘peritoneal cavity.

VISCERAL PERITONEUM
Uterus
A PERITONEAL CAVITY
Urinary bladder

Rectum
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' Mouth

The mouth, also referred to as the oral or buccal cavity is formed by the cheeks,
hard and soft palates, and tongue.

Superior lip (lifted upward)

4,
&_ SUPERIOR LABIAL FRENULUM attaches superior lip to gum.

& "V "A)\“&angwae(gums)
/ /{\ V-

FAUCES is the opening between the oral cavity and oropharynx.

most of the root of the mouth.

l A gy
SOFT PALATE (muscular) forms S # Z
the rest of the mouth's roof. ‘IQJ
\
| = [
)
I

HARD PALATE (bony) forms
Palatoglossal arch
Palatopharyngeal arch
Palatine tonsil (between the arches)

TONGUE (lifted upward) forms the floor of the mouth,
manipulates food for chewing and swallowing, shapes food,
and senses taste.

UVULA prevents swallowed food
from entering the nasal cavity.

CHEEK forms lateral wall of
oral cavity.

- ) MOLARS grind food.

LINGUAL FRENULUM limits movement of the tongue posteriorly.

Opemng of duct of submandibular gland

PREMOLARS crush and grind i
food.

GING!VAE (GUMS) cover tooth sockets and help to anchor teeth.
CANINES tear food.

=
INCISORS cut food. \\‘—L“ | i !
ORAL VESTIBULE is the spacs INFERIOR LABIAL FRENULUM attaches inferior lip to gum.

- between the cheeks, lips, gums,
and teeth.

In(enor lip (pulled down)

Anterior view

—

Salivary Glands

A salivary gland is a gland that releases a secretion called saliva into the oral cavity.
Ordinarily, just enough saliva is secreted to keep the mucous membranes of the
mouth and pharynx moist and to cleanse the mouth and teeth.
When food enters the mouth, however, secretion of saliva increases, and it
lubricates, dissolves, and begins the chemical breakdown of the food.
Most saliva is secreted by the major salivary glands, which lie beyond the oral
\ mucosa, into ducts that lead to the oral cavity.
There are three pairs of major salivary glands:
the parotid, submandibular, and sublingual glands
v, Chemically, saliva is 99.5% water and 0.5% solutes.
Among the solutes are ions, including sodium, potassium, chloride, bicarbonate,
nd phosphate. Also present are some dissolved gases and various organic
substances, including urea and uric acid, mucus, immunoglobulin A, the bacteriolytic
nzyme lysozyme, and salivary amylase, a digestive enzyme that acts on starch.




Mouth
Tongue
Teeth

Pharynx

Esophagus

Summary of Digestive Activities in the Mouth

STRUCTURE ACTIVITY
. Cheeks and lips Keep food between teeth.
Salivary glands Secrete saliva.

Tongue

Move tongue from side to side and in
and out.

Extrinsic tongue muscles

Intrinsic tongue muscles
Taste buds

Alter shape of tongue.

Serve as receptors for gustation (taste)
and presence of food in mouth.

Lingual glands
Teeth

\

Secrete lingual lipase.

Cut, tear, and pulverize food.

Deglutition (swallowing)
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PAROTID DUCT

OPENING OF PAROTID DUCT
(near sacond maxitary molar)

Second mavilary mola sooth
Tongue (rsised in mouth)
Lingusi frenulum

LESSER SUBLINGUAL DUCTS

SUBMANDIBULAR DUCT
SUBMANDIBULAR GLAND
SUBLINGUAL GLAND

(a) Location of sallvary glands

{b) Porton of submandiouar gland

RESULT

Foods uniformly chewed during mastication.

Lining of mouth and pharynx moistened and lubricated. Saliva softens, moistens,
and dissolves food and cleanses mouth and teeth. Salivary amylase splits starch into
smaller fragments (maltose, maltotriose, and a-dextrins).

Food maneuvered for mastication, shaped into bolus, and maneuvered for
swallowing.

Swallowing and speech.

Secretion of saliva stimulated by nerve impulses from taste buds to salivatory nuclei
in brain stem to salivary glands.

Triglycerides broken down into fatty acids and diglycerides.

Solid foods reduced to smaller particles for swallowing.

Deglutition is facilitated by the secretion of saliva and mucus and involves the mouth, pharynx,
and esophagus. Deglutition is a mechanism that moves food from the mouth into the stomach.

Swallowing occurs in three stages:

(1) the voluntary stage, in which the bolus is passed into the oropharynx;
(2) the pharyngeal stage, the involuntary passage of the bolus through the pharynx into the

esophagus; and

(3) the esophageal stage, the involuntary passage of the bolus through the esophagus into the

stomach via peristalsis.

The tongue shapes the

chewed, lubricated food

{(bolus) and moves it to the
‘ back of the mouth cavity,

Nasopharynx

‘ Hard palate

Soft palate

b - Uwula
Oropharynx

Epiglottis

- Laryngopharynx

b o Larynx

/ Esophagus

(a) Position of structures during voluntary stage

(b) Pharyngeal stage of swallowing

Esophagus
Relaxed e
muscularis i
/|_— Circular muscles |
i contract ;

(2]

Longitudinal
muscles
contract

Relaxed muscularis | /& \

* The tongue rises against the
palate and closes the
nasopharynx.

* The uvula and palate seal off
the nasal cavity.

* The epiglottis covers the

larynx.
Breathing is temporarily
Interrupted.

(c) Esophageal stage of swallowing



Stomach

the cardia,
fundus,
body, and
pyloric part.

The four regions of  Lower
the stomach are sphincter

/ Esophagus

esophageal

CARDIA
BODY

Lesser
curvature

PYLORUS

Duodenum
(first portion
of small
: : loric
testi £re
intestine) sphincter Rugae of mucosa

PYLORIC
CANAL PYLORIC ANTRUM

(a) Anterior view of reaions of stomach

—
@ Gastric juice is the combined secretions of mucous cells, parietal cells, and chief cells.

Lymphatic nodule

Muscularis mucosae

Lymphatic vessel

Lumen of stomach

Gastric pits

Surface mucous
cell

Lamir]a y
propria Py
Mucous neck cell
Parietal cell
Chief cell
Gastric glands
G cell

Venule

Arteriole

Oblique layer of muscle
Circular layer of muscle

Enteric neurons
in muscularis

Longitudinal —=
layer of muscle =

Greater curvature
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Muscularis:
Longitudinal laye!

Circular layer
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— SUBMUCOSA
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Pancreas

Each day the pancreas produces 1200—-1500 mL of pancreatic juice, a clear, colorless
liquid consisting mostly of water, some salts, sodium bicarbonate, and several
enzymes.

The sodium bicarbonate gives pancreatic juice a slightly alkaline pH (7.1-8.2) that
buffers acidic gastric juice in chyme, stops the action of pepsin from the stomach,
and creates the proper pH for the action of digestive enzymes in the small intestine.
The enzymes in pancreatic juice include a starch-digesting enzyme called pancreatic
amylase; several enzymes that digest proteins into peptides called trypsin,
chymotrypsin, carboxypeptidase, and elastase; the principal triglyceride—digesting
enzyme in adults, called pancreatic lipase; and nucleic acid—digesting enzymes called
ribonuclease and deoxyribonuclease that digest ribonucleic acid (RNA) and
oxyribonucleic acid (DNA) into nucleotides.

@=— Pancreatic enzymes digest starches (polysaccharides), proteins, triglycerides, and nucleic acids.

Coronary ligament

Falciform ligament
/ Diaphragm
| —

Left hepatic duct

Common bile duct Pancreatic duct

(duct of Wirsung)

Hepatopancreatic

Gallbladder Common hepatic duct
ampulla (ampulla
Neck Round ligament of Vater)
Body Common bile duct
Mucosa
of duodenum
Fundus
Tail
Body
Duodenum Pancreatic duct
duct of Wirs
(du irsung) Misjor
Accessory duct Head duodenal
(duct of Santorini) Jejunum papilla
Hepatopancreatic

ampulla (ampulla

of Vater)

Uncinate process Sphincter of the hepatopancreatic

ampulla (sphincter of Oddi)

(a) Anterior view (b) Details of hepatopancreatic ampulla
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Liver and Gallbladder

The liver is the heaviest gland of the body, weighing about 1.4 kg in an average adult.
Of all of the organs of the body, it is second only to the skin in size.

The liver is inferior to the diaphragm and occupies most of the right hypochondriac
and part of the epigastric regions of the abdominopelvic cavity.

The liver is divided into two principal lobes—a large right lobe and a smaller left
lobe—by the falciform ligament, a fold of the mesentery.

The gallbladder (gall-bile) is a pear-shaped sac that is located in a depression of the
posterior surface of the liver.

It is 7-10 cm long and typically hangs from the anterior inferior margin of the liver.
The parts of the gallbladder include the broad fundus, which projects inferiorly
beyond the inferior border of the liver; the body, the central portion; and the neck,
the tapered portion.

The body and neck project superiorly.

Liver and Gallbladder

Each day, hepatocytes secrete 800—1000 mL of bile, a yellow, brownish, or olive-
green liquid.

It has a pH of 7.6—8.6 and consists mostly of water, bile salts, cholesterol, a
phospholipid called lecithin, bile pigments, and several ions.

The principal bile pigment is bilirubin.

The phagocytosis of aged red blood cells liberates iron, globin, and bilirubin.

The iron and globin are recycled; the bilirubin is secreted into the bile and is
eventually broken down in the intestine.

One of its breakdown products—stercobilin—gives feces their normal brown color.
Bile salts, which are sodium salts and potassium salts of bile acids (mostly
chenodeoxycholic acid and cholic acid), play a role in emulsification, the breakdown
of large lipid globules into a suspension of small lipid globules.

The small lipid globules present a very large surface area that allows pancreatic

' lipase to more rapidly accomplish digestion of triglycerides. Bile salts also aid in the

bsorption of lipids following their digestion.
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Liver
@ Histologically, the liver is composed of hepatocytes, bile canaliculi,
and hepatic sinusoids.
Inferior vena cava
Hepatic artery

Hepatic portal vein

. Bile canaliculi
Hepatic

Central  Tohepatic  sinusoid ) ‘
Connective Hepatocyte ) vein vein ’ ! . Portal triad:
tissue :*eqatlc Bile duct
laminae
5 Branch of
Por_tal triad: hepatic portal
Bile duct vein
Branch Branch of
of hepatic hepatic artery
artery IHepatic
Branch aminae
of :\te;l)atip Hepatocyte
ortal vein
P Stellate
Ceritral vei reticuloendothelial
entral vein (Kupffer) cell
Connective
tissue
Hepatic
o sinusoids
(a) Overview of histological components of liver (b) Details of histological components of liver

Liver and Gallbladder
Liver performs many other vital functions:
* Carbohydrate metabolism.
The liver is especially important in maintaining a normal blood glucose level.
When blood glucose is low, the liver can break down glycogen to glucose and release
the glucose into the bloodstream.
The liver can also convert certain amino acids and lactic acid to glucose, and it can
convert other sugars, such as fructose and galactose, into glucose.
When blood glucose is high, as occurs just after eating a meal, the liver converts
X glucose to glycogen and triglycerides for storage.
¢ Lipid metabolism.
ocytes store some triglycerides; break down fatty acids to generate ATP;
nthesize lipoproteins, which transport fatty acids, triglycerides, and cholesterol to
and from body cells; synthesize cholesterol; and use cholesterol to make bile salts.

10
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Liver performs many other vital functions:

* Protein metabolism.

Hepatocytes deaminate (remove the amino group, NH2, from) amino acids so that the
amino acids can be used for ATP production or converted to carbohydrates or fats.
The resulting toxic ammonia (NH3) is then converted into the much less toxic urea,
which is excreted in urine.

Hepatocytes also synthesize most plasma proteins, such as alpha and beta globulins,
albumin, prothrombin, and fibrinogen.

* Processing of drugs and hormones.

The liver can detoxify substances such as alcohol and excrete drugs such as penicillin,
erythromycin, and sulfonamides into bile.

It can also chemically alter or excrete thyroid hormones and steroid hormones such as
estrogens and aldosterone.

Liver performs many other vital functions:
* Excretion of bilirubin.
As previously noted, bilirubin, derived from the heme of aged red blood cells, is
absorbed by the liver from the blood and secreted into bile.
Most of the bilirubin in bile is metabolized in the small intestine by bacteria and
eliminated in feces.
* Synthesis of bile salts.
Bile salts are used in the small intestine for the emulsification and absorption of lipids.
e Storage.
In addition to glycogen, the liver is a prime storage site for certain vitamins (A, B12, D,
E, and K) and minerals (iron and copper), which are released from the liver when
needed elsewhere in the body.
e Phagocytosis.
The stellate reticuloendothelial (Kupffer) cells of the liver phagocytize aged red blood
[cells, white blood cells, and some bacteria.
e Activation of vitamin D.
in, liver, and kidneys participate in synthesizing the active form of vitamin D.

11
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Small Intestine
Most digestion and absorption of nutrients occur in a long tube called the small intestine.
Its length alone provides a large surface area for digestion and absorption, and that area is
further increased by circular folds, villi, and microvilli.
It averages 2.5 cm in diameter; its length is about 3 m.
The small intestine is divided into three regions.

\ The first part of the small intestine is the duodenum, the shortest region, and is

retroperitoneal.

It starts at the pyloric sphincter of the stomach and is in the form of a C-shaped tube that
- extends about 25 cm until it merges with the jejunum.
Duodenum means “12”; it is so named because it is about as long as the width of 12 fingers.
is the next portion and is about 1 m long and extends to the ileum. Jejunum
mpty,” which is how it is found at death.
nal and longest region of the small intestine, the ileum, measures about 2 m and joins
rge intestine at a smooth muscle sphincter called the ileocecal sphincter (valve).

M OSt d IgeStlo n a n d SMALL INTENSTINE: po—— Circular folds

absorption occur in the DUODENUM

] small intestine. 5. o i
Circular folds, villi, and e NN bl
microvilli increase the ILEUM — ‘

surface area of the small
intestine for digestion and

Circular layer of
muscle
Longitudinal layer

— Y of muscle
“N— Serosa

absorption.
Pl ']EJ_;Ij— MICROVILLI
There are 20 eowmec
3 wl ( nuirients|
an estimated ;a._@g}
' 200 million st
- microvilli per square

milli er of small
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Large Intestine

The large intestine is the terminal portion of the Gl tract.

The overall functions of the large intestine are the completion of absorption, the
production of certain vitamins, the formation of feces, and the expulsion of feces

from the body.
The large intestine, which is about 1.5 m long and 6.5 cm in diameter.

t The reglons Of the TRANSVERSE COLON
Rectum
i i Right colic Left colic
|arge intestine are (hepati) (splonic)
i flexure flexure
the cecum,
colon ASCENDING ‘ |/ Anal canal
’ COLON ! | DESCENDING
e g - COLON
rectum, and e e B
,an coli ] | . R
‘ g . e i Internal anal
i ' et E sphincter
sphincter . ' 4 (involuntary)
o) AV & External anal
- e
CECUM » SIGMOID ffal.".ﬁffy.
\ COLON L)
VERMIFORM APPENDIX RECTUM .
ANAL CANAL o
ANUS Anus column
(a) Anterior view of large intestine showing (b) Frontal section of anal canal

major regions

Large Intestine
The final stage of digestion occurs in the colon through the activity of bacteria that inhabit the lumen.

Mucus is secreted by the glands of the large intestine, but no enzymes are secreted.
Chyme is prepared for elimination by the action of bacteria, which ferment any remaining carbohydrates and

remaining proteins and release hydrogen, carbon dioxide, and methane gases.

INGESTED ABSORBED
AND SECRETED

Saliva

. OPENINGS OF - 4
. INTESTINAL (1 liter)
GLANDS -
S Ingestion
ABSORPTIVE ——*=_ of liquids
CELL | (2.3 liters) ’
‘ / < Gastric juice
j GOBLETCELL — L& (2 o) el
( . - MUCOSA
INTESTINAL GLAND
Lamina propria Bile
(1 liter)
Pancreatic
- juice
- SUBMUCOSA  (2liters)
Muscularis mucosae i Intestinal
Lymphatic vessel I MUSCULARIS  juice = ; S
Arteriole = \ J e _ (1 liter) (8.3 liters)
Venule =~ ¢ - \ L
Circular layer of muscle Total ingested l!':mnge."e
g and secreted o
Myenteric plexus o9 s (0.9 liters)
Longitudinal layer of muscle —— =30 Ten —
SEROSA Total absorbed
Excreted in feces =9.2liters

(01 liter)
Fluid balance in Gl tract
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Summary of Organs of the Digestive System and Their Functions

ORGAN

Tongue

Salivary glands
Teeth
Pancreas

Liver
Gallbladder
Mouth

Pharynx
Esophagus

Stomach

Small intestine

Large intestine

FUNCTION(S)

Maneuvers food for mastication, shapes food into a bolus, maneuvers food for deglutition, detects sensations for taste, and initiates digestion
of triglycerides.

Saliva produced by these glands softens, moistens, and dissolves foods; cleanses mouth and teeth; initiates the digestion of starch.

Cut, tear, and pulverize food to reduce solids to smaller particles for swallowing.

Pancreatic juice buffers acidic gastric juice in chyme, stops the action of pepsin from the stomach, creates the proper pH for digestion in the
small intestine, and participates in the digestion of carbohydrates, proteins, triglycerides, and nucleic acids.

Produces bile, which is required for the emulsification and absorption of lipids in the small intestine.

Stores and concentrates bile and releases it into the small intestine.

See the functions of the tongue, salivary glands, and teeth, all of which are in the mouth. Additionally, the lips and cheeks keep food between
the teeth during mastication, and buccal glands lining the mouth produce saliva.

Receives a bolus from the oral cavity and passes it into the esophagus.

Receives a bolus from the pharynx and moves it into the stomach; this requires relaxation of the upper esophageal sphincter and secretion of mucus.

Mixing waves combine saliva, food, and gastric juice, which activates pepsin, initiates protein digestion, kills microbes in food, helps absorb
vitamin B,, contracts the lower esophageal sphincter, increases stomach motility, relaxes the pyloric sphincter, and moves chyme into the
small intestine.

Segmentation mixes chyme with digestive juices; peristalsis propels chyme toward the ileocecal sphincter; digestive secretions from the
small intestine, pancreas, and liver complete the digestion of carbohydrates, proteins, lipids, and nucleic acids; circular folds, villi, and
microvilli help absorb about 90% of digested nutrients.

Haustral churning, peristalsis, and mass peristalsis drive the colonic contents into the rectum; bacteria produce some B vitamins and
vitamin K; absorption of some water, ions, and vitamins occurs; defecation.

a

QUESTIONS

14



HAVE A
_WONDERFUL
y, DAY

Thank you fér Eez'nj my students!

6/19/2017

15



