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DTGES TT.o N OF LTPID

Kihough the American Heart Association recom
mends a Jow-fat diet, the amount of lipids {fats) jnj
gested daily varies tremendously among Americap,
adults, ranging {rom 30 g to 150 g or more. The smajl
intestine 1s essentially the sole site of lipid digestiop
hecause the pancieas is the only significant source of
fat-digesting enzymes, or lipases (Figure 23.33)
Neutral fats {triglycerides or triacylglycerols| are the
most abundant fats in the diet.

Because triglycerides and their breakdown prod-
ucts are insoluble in water, fats need special “pre-
creatment” with bile salts to be digested and
ahsorbed in the watery environment of the small in-
testine. In aqueous solutions, triglycerides aggregate
to form large fat globules, and only the triglyceride
molecules at the surfaces of such fatty masses are ac-
cessible to the water-soluble lipase enzymes. How-
ever, 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 pelar regions. Their
nonpolar {hydrophobic) parts cliig to the fat mole-

cules, and their polar {ionized hydrophilic} parts
allow them to repel each other and to mnteract wi

water. As a result, fatty droplets are pulled off the
large fat globules, and a stable emulsion-—an ague-
ous suspension of fatty droplets, each about 1 pm in
diameter-—is formed. The process of 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
ules exposed to the

the number of triglyceride molec :
pancreatic lipases. Without bile, lipids would be 18-
completely digested in the time food is in the small
intestine.

The pancreatic lipases catalyze the break¢down
of fats by cleaving off two of the fatty acid chains,
thus yielding free fatty acids and monoglycerides
{glycerol with one fatty acid chain atmched_). rat-
soluble vitamins that ride with fats require 09

digestion.
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FIGURE 23.35 Role of bile salts in fat emulsification.
As large aggregates of fats enter the small intestine, bile
saits cling via their nonpolar parts to the fat molecules
itriglycerides). Their polar parts, facing the aqueous phase,
interact with water and repel each other, causing the fatty
globule to be physically broken up into smaller fat droplets.

brush border enzymes (nucleosidases and phos-
phatases), which release their free bases, pentose
sugars, and phosphate ions (see Figure 23.33).

Absorption

“Up to 10 L of food, drink, and GI secretions enter
the alimentary canal daily, but only 1 L or less
reaches the large intestine. Virtually all of the food-
stuffs, 80% of the clectrolytes, and most of the water
are absorbed in the small intestine. Although ab-
sorption occurs all along the length of the small in-
testine, most of it is completed by the time chyme
reaches the ileum. Hence, the major absorptive role
of the ileum is to reclaim bile salts to be recycled
back to the liver for re-secretion. At the end of the
ileumn, all that remains is some water, indigestible
food materials (largely plant fibers such as cellulose),
and millions of bacteria. This debris is passed on to
the large intestine.




Most nutrients are absorbed through the mucosa
of the intestinal villi by active transport processes
driven directly or indivectly (secondarily} by meta-
bolic encrgy {ATP}. They then enter the capillary
blood in the villus to be transported in the hepatic
portal vein to the liver. The exception is some of the
lipid digestion products, which are absorbed pas-
sively by diffusion and then enter the lacteal in the
villus to be carried to the blood via lymphatic fluid.
Because the epithelial cells of the intestinal mucosa
are joined at their luminal surfaces by tight junc-
tions, substances cannot move between the cells.
Consequently, materials must pass through the ep-
ithelial cells and into the interstitial fluid abutting
their basal membranes (via transepithelial transport)
if they are to enter the blood capillaries. Absorption
of each nutrient class is described next.
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FIGURE 23.36 Fatty acid absorption. Digestion
products of fat breakdown, lecithin, and cholesterol
“ssociate with bile salts to form micelles, which serve to
“ferry” them to the intestinal mucosa. They then dissociate
snd enter the mucosal cells by ditfusion. In the mucosal
epithelial cells, they are recombined to lipids and packaged
with other lipcid substances and protein to form chylomicrons.
The chylomicrons are extruded from the epithelial cells by
exocytosis and enter the lacteal for distribution in the lymph.
Free fatty acids and monoglycerides enter the capiilary bed.

usually disappear as the imucasa matures. This
mechanism may also provide a route for IgA anti-
hodies present in breast milk to reach an infant’s
bloodstream. These antibodies confer some passive
immunity on the infant [temporary protection
against antigens to which the mother has been

sensitized).. ®
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Lipids

~Tust as bile salts accelerate lipid digestion, they are

also essential for the absorption of its end products.
As the water-insoluble products of fat digestion-—




the 111{)110813’061&(1?5. and free fa_tty AClds—qpe libey.
ated by lipase activity, they Q}llﬂ-lkl}’ becoime 4580¢;.
ated with bile salts and Jecithiy (o phospholipi

found in bile} to form micelles, Miceleg (mi-Selz')
are collections of fatty elements clustered toget]
with bile salts n sueh a way thae the polyy (hy.
drophilic) ends of the molecules face the Water apg
the nonpolar portions form the core, Aly, nestled i,
the hydrophobic core are cholesterg) molecyleg ang
fat-soluble vitamins. Although micelles are Similag
to emulsion droplets, they aye mucl smalley
“vehicles” and easily diffuse between microvill; ¢,
come mto close contact with the mycogg] cell sur.
face (Figure 23.36). The varioug lipid substanceg
then leave the micelles and move through e lipid
phase of the plasma membrane by simple diffusioy,
Without the micelles, the lipids simply float op the
surface of the chyme {like oil on water], inaccessible
to the absorptive surfaces of the epithelial cellg.
Generally, fat absorption is completed in the ileum,
but in the absence of bile (as might oceur when 2
gallstone blocks the cystic duct) it happens so slowly
that most of the fat passes into the large intestine
and is lost in feces.

Once inside the epithelial cells, the free fauty
acids and monoglycerides are resynthesized intg
trigiyeerides. The triglycerides are thep combined
with phospholipids and cholesterol, and coated with
2 “skin” of proteinsto form water-soluble lipoprotein
droplecs  called chylomicrons  {ki” fmi'kronz),
These are processed by the Golgi apparatus for ex.
trusion from the cell. This series of events is quite
ditferent from the absorption of amino acids and
simple sugars, which pass through the epithelial
cells unchanged,

Although a few free fatty acids enter the capillary
blood, the milky-whige chylomicrons are too large to
Pass through the basemont membranes of the blood
capllaries and insteaq enter the more permeable
lacteals. Thus, ;most fat enters the lymphatic streaim
and is eventually emptied into the venous blood in
the neck region via the thoracic duct, which drains
the digestive viscers. While in the bloodstream, the
tiglycerides of the chylomicrons are hydrolyzed to
free fatty acids ang glycerol by lipoprotein lipase, an
NZyme associated itk the capillary endothelivm.
The fatty acids ang glycerol can then pass through
the capillary walls 1o be used by tissue cells fOf
COCIZY Of Stored 4 fats in adipose tissue. The f_es_ld'
ual chylomicrop mMaterial is combined with proceins
by the liver cells, and these “eyy” lipoproteins are
used to transpory cholesterol in the blood.



