Human Physiology L ecture Notesfor Chapter 18

Digestive System

Function: digestion (break down of food into monomers) and absorption (movement of digestive end
products into the body

Activities:

1. Movement
a. ingestion
b. mastication
c. deglutition (swallowing)
d. peristass

2. Secretion
a. exocrine secretions - digestive enzymes and associated fluid

b. endocrine secretions - hormones to regulate digestion (released from stomach and sm. intestines)

3. Digestion
4. Absorption of monomers into the blood or lymph
5. Storage and elimination

Digestive System Anatomy

Figure 18.2

Gastrointestinal (Gl) tract: mouth, throat, esophagus, stomach, small and large intestines
Accessory digestive organs. teeth, tongue, salivary glands, liver, pancreas, gallbladder

The Gl tract is essentially atube
with four layers. Theinside of the
tubeiscalled thelumen andis
considered outside of the body
sinceit is continuous with the
environment at the mouth and
anus. (Fox Figure 18.3)

The different layers are described
in the figure at the right.

The smooth muscleis situated in
two layers with fiberslaying in
opposite directions. Alternate
contraction of circular and
longitudinal muscles propel the
contents of the tube in one
direction (peristalsis). The
smooth muscle of the digestive
tract is single unit smooth muscle -
the cells are connected by gap
junctions and contract asasingle



unit in response to pacemaker activity. In addition, motility can be influenced by neural stimulations,
hormones (i.e. gastrin) and paracrine factors or chemicalsin the lumen.

Digestive Process

Mouth

chewing * breakdown food; increases surface area

saliva

Esophagus

* mix with digestive enzymes in the mouth
* givestime for digestive enzymes to work before acid bath

* washes out the mouth (removes bacteria)
* protects mucosa
* EGF - epithelia growth factor - stimulates stomach to grow more cells
* vasodilatory peptides - increases blood flow to the stomach
*|ysozyme - enzyme that kills bacteria (prevents tooth decay)
*defensins - cyanide compound that kills bacteria
* amylase - breaks down 10-15% of the starch
* lingual lipase - digestive enzyme for fat
* |gA - most common antibody in the gut of a healthy body
- binds to bacteria/foreign stuff and prevents adherence and entrance to the body
*anti-fungal / anti-viral

» Hattened when food is not going down.

» Bolus of masticated food is pushed from mouth end to the stomach end by wavelike muscular
contraction caled peristasis.

» Food movement back up the from the stomach is prevented by lower esophageal sphincter (LES)
which is athickened portion of circular muscle at the junction of esophagus and stomach. Esophageal
reflux is referred to commonly as heartburn.

Stomach

Fluids flow through the stomach while the majority of food
is held up out of acid bath and only 30ml in the pyloric
region is mixed actively.

3ml out to the intestines per squirt.

Pacemaker cells contract 3 times/minute.

Three phases of gastric secretion:
1. cephalic phase

2. gastric phase

3. intestina phase

1. Cephalic Phase
“Brain phase’ of gastric activity - 20% of gastric secretions
areinitiated by cephalic phase



2. Gastric Phase
Begins when the food reaches the stomach
Local neural and hormonal activity leadsto an
increase in secretions
distention: neural response
low acidity of incoming food:
neural response
stimulates gastrin release
content of food:
peptides - stimulate release of gastrin
caffeine - stimulates release of gastrin

goblet cells

» form the surface epithelia layer

» produce akaline mucus to form protective
layer on cells

* completely renewed every 3 to 6 days

mucous neck cells
produce a acidic mucus

parietal cells

e produce HCL (stomach pH is 1.5-3.5)

e produce intrinsic factor - glycoprotein that is
required for B12 absorption by intestines

chief cells

e produce pepsinogen

Pepsinogen is a zymogen (inactive enzyme). Itis
converted into pepsin (the active enzyme) by HCI
and pepsin in the lumen of the stomach. There
pepsin acts to break protein down into polypeptides.
* produce small amounts of lipases

enteroendocrine cells

includes G-cells- secrete gastrin
D-cells - secrete somatostatin
ECL (enterochromaffin-like cells)
- secrete histamine and serotonin

Stomach emptying: typically 4 hours within meal
faster with:  sugar

larger meal

more liquid meal
slower with:  fats

proteins

acid in duodenum

Food mixed with acid stomach juicesis called chyme.



3. Intestinal phase of gastric secretion

Begins with movement of food through the

pyloric sphincter.

1. immediate release of gastrin which
stimulates stomach

2. enterogastric reflex:
e dlows stomach emptying in general
* inhibits vagus nerve
* inhibitslocal reflexes
» activates sympathetic to tighten

pyloric sphincter

3. thepresence of fat, acid, proteins and
irritants in the chyme stimulates the
enterogastric reflex and
enteroendocrine cellsthat release
chemicals that inhibit stomach
emptying and secretions.

So the intestinal phase of gastric secretion
isan overall inhibition of gastric activity.
The intestines regul ate how much chymeis
delivered to them.

Small Intestines:

intestinal “tube”’ is one inch wide and
divided into three sections:

duodenum - first 10 inches - pancreatic
juices and bile enter here. Pacemaker cells
contract 12-14 times/minutes

jgunum - 8 feet long

ileum - 12 feet long

vitamin B12 absorbed here

Pacemaker cells contract 8-9 times/minute

two kinds of motility:

segmentation - chymeis “massaged” contraction of the
intestinal wall moves chyme back and forth a couple
centimeters at atime.

peristalsis - moves chyme down the tube

circular muscle contracts behind the chyme (so chyme can't
move backwards) and longitudina muscle contracts in front
(so wall of intestines is shortened in length).

intestinal lining is folded and has the total surface area of a
tennis court:

visible folds - plicae circulares

microscopic folds -villi

cell membrane folds - microvilli (form the brush border)



It takes about 3-6 hours to transverse the small intestines.
Digestion and Absor ption in the small intestines

Pancr eatic Secretions (Juice)
enzyme rich pancreatic juice is formed
in the pancreatic acini (clusters of secretory cells)

Acinar cells make digestion enzymes:
proteases - digest protein
(dangerous to cells - so produced in inactive form)

inactive (zymogen) activeform

trypsinogen trypsin

procarboxypeptidase | carboxypeptidase

chymotrypsinogen chymotrypsin

These next ones are secreted in active form, but require
ions or bileto really work:

amylase - starch digestion

lipase - lipid digestion

nuclease - DNA/RNA digestion

The cells that line the ducts |eading from the acini
produce a bicarbonate rich fluid. This servesto
neutralize the acid entering the intestines from the
stomach.

Bile
Made by liver, stored in gall bladder

Bile salts - cholesterol derivatives

Bile salts are secreted into the bile. They perform an important function of emulsifying fats (see next
section). This emulsification process breaks down large fat droplets into small micelles - thisincreases the
surface area and allows for more efficient digestion by the water soluble pancreatic lipase.

Bile pigment = bilirubin (waste product from broken down blood cells) conjugated and secreted into the bile.
Bacteriain the gut turn bilirubin into urobilinogen (colorless) and urobilinogen derivatives(brown color)
otherwise our feces would be grey/white. Urobilinogen enters enterohepatic circulation ultimately ending up

in the urine (oxidized derivatives are yellow)



Starch is broken down into oligiosaccharides and disaccharides by
pancreatic amylase. Then brush border enzymes such as sucrase,
maltase, and lactase (digest sucrose, maltose, and lactose
respectively) break these disaccharides into monosaccharides. These
are then transported into the cell (secondary active transport) and
then move into the blood (facilitated diffusion).

Protein digestion beginsin the stomach by pepsin. The pancrestic
proteases are delivered in inactive form into the duodenum. They are
activated by brush border enzymes. Peptides are broken into small
fragments and then brush border peptidases complete the digestion.
Aminoacids aswell asdi and tri peptides are absorbed (secondary
active transport), further broken down (as appropriate) and move into
the blood by facilitated diffusion as free amino acids.



Triglycerides (TAG) are broken down by lipase into free fatty acids and monoglycerides. Once in the absorptive cells that line the digestive tract
they are resynthesized into triglycerides again. Chylomicron are formed and pass into the lacteals (lymph vessels) not the blood system like other
absorbed nutrients.



Large Intestine (the end of the road)

Reabsorbs water, electrolytes, vitamins (especially
those made by bacteria)

Transit timeis 12 - 24 hours

Intestinal floralive in large intestine (although
some leak into the small intestines and blood)

Main job isto eliminate fecal matter

gastrocolic reflex

new food in stomach stimulates a mass movement
of colonic contents (happens 3-4 times a day) once
colonic contents move into the anal canal the
defecation reflex takes over and.....



