The Digestive system
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The organs involved in the breakdown of food—collectively called the digestive system. Two groups of organs compose the digestive
system:the gastrointestinal (GI) tract and the accessory digestive organs. The gastrointestinal (GI) tract, or alimentary canal, is a
continuous tube that extends from the mouth to the anus through the thoracic and abdominopelvic

cavities. Organs of the gastrointestinal tract include the mouth,most of the pharynx, esophagus, stomach, small intestine, and

large intestine. The length of the GI tract is about 5—7 meters (16.5-23 f) in a living person. The accessory digestive organs include
the teeth, tongue, salivary glands, liver, gallbladder, and pancreas.

Functions

1. Ingestion: taking food into the mouth.

2. Secretion: release of water, acid, buffers, and enzymes into the lumen of the GI tract.

3. Mixing and propulsion: churning and propulsion of food through the GI tract.

4. Digestion: mechanical and chemical breakdown of food.

5. Absorption: passage of digested products from the GI tract into the blood and lymph.

6. Defecation: the elimination of feces from the GI tract.

Layers of GIT:

The wall of the GI tract from the lower esophagus to the anal canal has the same basic, four-layered arrangement of tissues.
The four layers of the tract, from deep to superficial, are the mucosa, submucosa, muscularis, and serosa.

Mucosa
The mucosa, or inner lining of the GI tract, is a mucous membrane. It is composed of (1) a layer of epithelium in direct contact with

the contents of the GI tract, (2) a layer of connective tissue called the lamina propria, and (3) a thin layer of smooth muscle
(muscularis mucosae).

the epithelium of the mucosa is a simple columnar epithelium rich in mucus-secreting goblet cells. The slippery mucus it produces
protects certain digestive organs from being digested themselves by enzymes working within their cavities and eases food passage
along the tract. .

The famma propria, which underlies the epithelium, is loose areolar connective tissue containing many blood

and lymphatic vessels, which are the routes by which nutrients absorbed into the GI tract reach the other tissues of the body.

A thin layer of smooth muscle fibers called the muscularis mucosae, which increase the surface area for digestion and absolyion.
Movements of the muscularis mucosae ensure that all absorptive cells are fully exposed to the contents of the GI tract.
Submucosa ;

" The submucosa consists of areolar connective tissue that binds the mucosa to the muscularis. It contains many blood and

lymphatic vessels that receive absorbed food molecules and nerve fibres. Its rich supply of elastic fibers enables the stomach to regain
its normal shape after temporarily storing a large meal.

Muscularis ‘
The muscularis contains skeletal muscle that produces voluntary swallowing. Skeletal muscle also forms the external




cter, which permits voluntary control of defecation. This layer is responsible for segmentation(break down) and peristalsis.
ically has an inner circular layer and an outer longitudinal layer of smooth muscle cells.

It is the protective outermost layer of the intraperitoneal organs, also called the visceral peritoneum. It is formed of areolar connective
tissue covered with mesothelium, a single layer of squamous epithelial cells.




e three pairs of major salivary glands: the parotid, submandibular, and sublingual glands. The parotid glands are
«l inferior and anterior to the enrs, between the skin and the masseter muscle. Each secretes saliva into the ornl cavity vin a
rotid duct that pierces the buccinator muscle 1o open into the vestibule next to the second upper molar tooth.
e submandibular glands are found in the floor of the mouth; they open to the medial and partly inferior to the body of the
mandible.
The sublingual glands are beneath the tongue and superior to the submandibular glands. Their ducts open into the floor of the mouth
in the oral cavity proper.
Composition of Saliva
l Chemically, saliva is 99.5% water and 0.5% solutes. Among the solutes are ions, including sodium, potassium, chloride, bicarbonate,
and phosphate. Also present are some dissolved gases and various organic substances, including urea and uric acid,

‘mucus, immunoglobulin A, the bacteriolytic enzyme lysozyme, salivary amylase, a digestive enzyme that acts on starch and
the proteins muein. '

d 1o the lef




pendocrine cells release a variety of chemical messengers directly into the interstitial fluid of the lamina propria. Some of

. Por example histamine and serotonin, act locally as paracrines. Others, such as somatostatin, act both locally and as hormones,
fifTusing into the blood capillaries 10 influence several digestive system target organs. Gastrin, a hormone, plays essential roles in

ting stomach secretion and motility.

WHANISM OF HCL SECRETION:- Parietal cells secrete hydrogen ions (H_) and chloride ions (Cl ) separately into the stomach
lumen, the net effect is secretion of hydrocblunc acid (HCI). Proton pumps powered by H /K_ ATPases actively transport H_ into

the lumen while bringing potassium ions (K_) into the cell. At the same time, C1_and K_ diffuse out into the lumen through Cl_and
K_ channels in the apical membrane. The euzyme arbonic anlydrm whmh is cspec:ally plentxful in ponetal oclls, catalyzes the

formation of carbonic acid (HZCOS)
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s colon, which is divided into tscending, transverse, descending, and sigmoid portions. The colon continues neross the

nferiorly 1o the level of the iline crest as the descending colon. The

cm of the Gl tract, lies anterior 1o 1 cr
the anal canal to the exterior, called the anus,

the bacterial flora of the large intestine colonize the colon, metabolize some host-derived proteins (mucin, heparin, and hyaluronic
cid) and ferment some of the indigestible carbohydrates (cellulose, xylan, and others), releasing irritating acids and a mixture of gases
including dimethy sulfide, 1, N;, CH,, and €03, Some of these pases (such as dimethy] sulfide) are quite odorous. The bacterial
o also synthesize B complex vitaming and most of the vitamin K. the liver requires to synthesize some of the clotting proteins.

ing about 1.4 kg in an average adult. The liver is divided into

and functional units of liver ¢







er major duct of the pancreas, the neeessory duct (duet of Santoring
Santorini),

leads from the pancreas and empties into the duodenum
4 v ol the Pancreas
he pancreas is made up of small ¢l
portion of the organ. The celly wilhilllls::;:l;,iﬂucl;::lfl“m epithelial cells. About 9994 of the clusters, called aeini, constitute the exocrine
0 pt 5O 2 : 9 l
1% of the clusters, called Pancreatic islets (islets P b
hormones glucagon, nsulin, 5o

and digestive enzymes called pancreatic juice. The remaming
of Langerhans),

: - form the endocrine portion of the pancreas. These cells secrete the
1atostatin, and pancreatic polypepfide.

Composition of Pancreatic Jujce
Approximately 1200 1o 1€ Juice |
hsbie: (p);mm“y b}j,::[:,:nl :)‘[!:Icar Pm\ﬂ'calllc Juice 18 produced daily. It consists mainly of water, and contains enzymes and
linkng Gra g e :I’l:c:.nl'(.mis). Thl;: acinar cells produce the enzyme-rich component of pancreatic juice. The epithelial cells
helps nculn!lizc acid chyme enlering lh?douu;e?uc:: l:::iale G gl crviroen for sty of stion s et
enzymes. Like pepsin of the

ot h provides the optimal environment for activity of intestinal and pancreatic

, 3 : omach, panereatic prot in-digesti ; d released in inactive forms,
which are activated in the duodenum, where lheypt;o L i e bt
the duodenum, trypsinogen is

: their work. This prevents the pancreas from self-digestion. For example, within
P activated to trypsin by
two other pancreatic proteases (;

bo enteropeptidase, an intestinal brush border protease. Trypsin, in turn, activates
; procar tidase and chymotrypsi to their active forms, carbox tidase and
chymotrypsin, res tively. Oth Ypep chymotrypsinogen) to their active ypep

i 3 ¢ Jiher pancreatic enzymes—amylase, lipases, and nucleases—are secreted in active form, but require that
1ons or bile be present in the intestinal lumen for optimal activity.

DIGESTION OF SPECIFIC FOODS:
/' Proteins

Proteins digested in the GI tract include not only diet oteins (typically about 125 day), but also 15-25 g of enzyme proteins
creted in}o the GI tract lumen by its various g)!(ands:nydp{probabggp an e:ual amount Efp;-oteiil derived from sloughed and
J dlsmtygm‘ung‘mml cells. In healthy individuals, much of this protein is digested all the way to its amino acid monomers. _
mee“.‘ digestion begins in the stomach when pepsinogen secreted by the chief cells is activated to pepsin (actually a group of protein-
fhg“h.“g enzymes). Pepsin functions optimally in the acidic pH range found in the stomach: 1.5-2.5. It preferentially cleaves bonds
mvolving the amino acids tyrosine and phenylalanine so that proteins are broken into polypeptides and small numbers of free amino
acids (see Figure 23.33). Pepsin, which hydrolyzes 10—15% of ingested protein, is inactivated by the high pH in the duodenum, o its
proteolytic activity is restricted to the stomach. Rennin (the enzyme that coagulates milk protein) is not produced in adults,

- Protein fragments entering the small intestine from the stomach are greeted by a host of proteolytic enzymes. Trypsin and
chymotrypsin secreted by the pancreas cleave the proteins into smaller peptides, which in turn become the grist for other enzymes.
The pancreatic and brush border enzyme carboxypeptidase splits off one amino acid at a time from the end of the polypeptide chain
that bears the carboxyl group. Other brush border enzymes such as aminopeptidase and dipeptidase liberate the final amino acid
products (Figure 23.34). Aminopeptidase digests a protein, one amino acid at a time, by working from the amine end. Both

. carboxypeptidase and

aminopeptidase can independently dismantle a protein, but the teamwork between these enzymes and between
trypsin and chymotrypsin, which attack the more internal parts of the protein, speeds up the process tremendously.

" Lipids
k ~ Although the American Heart Association recommends a low-fat diet, the amount of lipids (fats) ingested daily varies tremendously

among American adults, ranging from 30 g to 150 g or more. The small intestine is essentially the sole site of lipid digestion because
) the pancreas is the only significant source of fat-digesting enzymes,

or lipases (Figure 23.33). Triglycerides (neutral fats or
triacylglycerols) are the most abundant fats in the diet.
Because triglycerides and their breakdown products are insoluble in water, fats need special “pretreatment” with bile salts to be
- digested and absorbed in the watery environment of the small intestine. In aqueous solutions, triglycerides aggregate to form large fat
. globules, and only the triglyceri

de molecules at the surfaces of such fatty masses are accessible to the water-soluble lipase enzymes.
However, this problem is quickly resolved because as the fat globules enter the duodenum, they are coated with detergent-like bile
salts (Figure 23.35). Bile salts have both nonpolar and polar regions. Their nonpolar (hydrophobic) parts cling to the fat molecules,
and their polar (ionized hydrophilic) parts allow them to repel each other and 1o interact with water. As a result, fatty droplets are
pulled off the large fat globules, and a stable emulsion—an aqueous suspension of fatty droplets, each about 1 mm in diameter—is
formed. Emulsification does not break chemical bonds. It just reduces the attraction between fat molecules so that they can be more
widely dispersed. This process vastly increases the number of triglyceride molecules exposed to the pancreatic lipases. Without bile,
- lipids would be incompletely digested in the time food is in the small intestine. The pancreatic lipases catalyze the breakdown of fats

by cleaving off two of the fatty acid chains, thus yielding free fatty acids and monoglycerides (glycerol with one fatty acid chain
attached). Fat-soluble vitamins that ride with fats require no digestion.
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