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The primary organ of nutrient and water absorption is the
small intestine.

The small intestine has characteristic folds in its surface
called valvulae conniventes, which are covered with
fingerlike projections called villi, which in turn are covered
by microvilli, or the brush border.
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The combination of folds, villous projections, and microvillous
border creates an enormous absorptive surface of approximately
200 to 300 m?.

The villi rest on a supporting structure called the lamina
propria.

Within the lamina propria, which is composed of connective
tissue, the blood and lymph vessels receive the products of
digestion.
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FIGURE 1-3 Structure of the villi of the human intestine
showing blood and lymph vessels.
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Fig. 42.4. The intestinal surface area
is expanded by the presence of intes-
tinal folds (plicae conniventes) and
villi. Microvilli further expand the
surface area of epithelial cells in
contact with luminal contents. These
structural features taken together
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Each day, the small intestine absorbs 150 to 300 g of
monosaccharides, 60 to 100 g of fatty acids, 60 to 120 g of
amino acids and peptides, and 50 to 100 g of ions.

In the small intestine, all but 1 to 1.5 L of the 7 or 8 L of
fluid secreted from the upper portions of the GIT, In
addition to 1.5 to 3 L of dietary fluids, is absorbed by the
time the contents reach the end of the lumen.
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Fig. 42.11. Electrolyte and water absorption in the jejunum. The
sodium {Na}—glucose {Glu) cotransporter prasent inm the small intas-
tine binds both sodium and glucose and transports them across the
apithelial cell membrane. As glucose accumulates in the cell, it moves
along its concentraticon gradignt across the basclateral mambrana via a
specific transport carrier. Water is absorbed passively by both transcel-
lular and paracellular routes in response to an increase in csmolarity
of the intracellular and subepithealial spaces. The Na—nutrient cotrans-
portar shown in this figure and the electreneutral MNa chloride (NaCl)
exchange transporter are responsible for most water absorption.
Water absorbed between gpithelial cells can increase the absorption
of solutes presant in water by “solvent drag.™
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Approximately, 95% of the bile salts are reabsorbed as bile
acids n the distal ileum through a process -called
enterohepatic circulation.

Without enterohepatic circulation, synthesis of new bile acids in
the liver would not keep pace with needs for adequate digestion.

Bile salt insufficiency becomes clinically important in patients
who have resections of the distal small bowel and diseases
affecting the small intestine, such as Crohn disease, radiation
enteritis, and cystic fibrosis.
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The distal ileum is also the site for vitamin B12(with
Intrinsic factor) absorption.
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Emulsification of fats is followed by their digestion, by
pancreatic lipase, into free fatty acids and 2-monoglycerides.

When the concentration of bile salts reaches a certain level,
they form micelles (small aggregates of fatty acids,
monoglycerides, cholesterol, bile salts, and other lipids), which
are organized with the polar ends of the molecules oriented
toward the watery lumen of the intestine.

The products of lipid digestion are rapidly solubilized in the
central portion of the micelles and carried to the intestinal

brush border.
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Fig. 42.12. Structure of a mixed lipid—bile salt micelle. The products
of lipolysis are solubilized in the interior of the particle. The bile salt
molecules orient with their hydroxyl groups (black circles) facing the
agueous phase or when they are in the interior of the micelle, fac-
ing each other. Fatty acids and monoglycerides orient in the micelle
with their polar head groups in contact with the agueous phase and
their hydrocarbon tails in the interior of the micelle. (Reprinted with
permission from Chang EB, Sitrin MD, Black DD, eds. Gastrointestinal,
Hepatobiliary, and Nutritional Physiology. Philadelphia: Lippincott-
Raven, 1996:147.)



At the surface of the unstirred water layer (UWL), the
slightly acidic and watery plate that forms a boundary between
the intestinal lumen and the brush border membranes, the lipids
detach from the micelles.

Remnants of the micelles return to the lumen for further
transport, while the monoglycerides and fatty acids are left
to make their way across the lipophobic UWL to the more
lipid-friendly membrane cells of the brush border.



Lipids are taken up and transported through the
endoplasmic reticulum and Golgi apparatus where fatty
acids are re-esterified to triglyceride.

Triglycerides are packaged, along with other lipids, into
chylomicrons, which are released into the lymphatic
circulation.

Cholesterol absorption is facilitated by a protein transport
system specific to cholesterol and not to other sterols.
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These triglyceridos aggregato and are
coated with a layor of lipoprolein to form
water-soluble chylomicrons, which are
extruded through the basal membrane of
the cells by exocytosis.
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so instead they enter the lympathic
vessels, the central lacteals.
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The end products of fat digestion are mostly monoglycerides, some fatty acids, and very
little glycerol. Glycerol and short- and medium-chain fatty acids can move directly into the
bloodstream.

Monoglyceride

\

O
&

(&)
Micelle /
Protein

@ .

Triglyceride \

il Chylomicron / Long-chain
s S fatty acids
. ® )

Large lipids such as monoglycerides
and long-chain fatty acids first must
merge into micelles that move into
intestinal cells. Then the intestinal
cells assemble the monoglycerides
and fatty acids into triglycerides that
are incorporated into chylomicrons
that can travel through the lymph.




FIGURE 1-4 Summary of fat absorption.
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In absorption, nutrients pass through the intestinal mucosal
cells by diffusion or active transport and make their way
Into the venous system or into the lymphatic circulation.

Diffusion involves random movement through openings in
or between the membranes of the cells using channel
proteins (passive diffusion) or carrier/transport proteins
(facilitated diffusion).

Active transport involves the input of energy to move ions or
other substances, in combination with a transport protein,
across a cell membrane against an energy gradient.
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Some nutrients may share the same carrier and thus compete for
absorption.

Transport or carrier systems can also become saturated, slowing
the absorption of the nutrient.

A notable example of such a carrier is intrinsic factor, which is
responsible for the absorption of vitamin B,.



Some molecules are moved from the intestinal lumen into
mucosal cells by means of pumps (e.g. Na-K pump), which
require a carrier and energy from adenosine triphosphate.

The absorption of glucose, sodium, galactose, potassium,
magnesium, phosphate, iodide, calcium, iron, and amino acids
occurs In this manner.
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Fig. 42.10. Electrolyte and solute absorption. Sodium can travel from
the intastinal lumen into the epithelial cell by (3) an ion channel (api-
cal side top), (b} the sodium (Na™)-glucose cotransporter (apical side
middle), or {c) an Na™-hydrogen (H) exchanger (apical side bottom).
The release of H creates a favorable gradient for bicarbonate (HCOs)
exit, which facilitates chloride (CI) entry through the CIHC O3 exchang-
er. The Na/potassium (K)/Cl cotransporter in the basolateral membrane
also increases CI uptake. Electrogenic Cl sacretion occurs via a Cl
channal on the apical membrane. Intracellular glucose accumuls-
tion favars glucose transport across the basolateral membrane via a
specific carrier protain. Tha Na pump (Na/K-adznosine triphosphatase
[ATPase]) provides the energy for these processes by generating low
intracellular Na concentrations and a transmembrane electrochemical
gradient. (Reprinted with parmission from Sleisinger MH, Fordtran
IS, Scharschmidt BF et al, eds. Gastrointestinal Disease. 5th ed.
Philadelphia: WB Saunders, 1993:954-76.)



Pinocytosis (a form of endocytosis) is another kind of active
transport that allows large particles such as whole proteins
(which sometimes have allergenic properties) to be absorbed
In small quantities in the GIT.

The immunoglobulins from breast milk are probably absorbed
through pinocytosis.
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