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The Liver
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ligament ligament lobe ligament

}12221ai< ‘1 ‘,,,%”heéa'trwc
. . . . e fgff:::s i . v cannd‘::stri;%jlar
% Theliveris the largest internal organ in BN
the body, constituting about 2.5% of an ! e ey
adult’s body weight.
% Receives 25% of the cardiac output via
the hepatic portal vein and hepatic The Anatomy Of The Liver
artery (dual /double blood supply). From
the 5L ( cardiac output ) more than 1L. Ry ®
% Sinusoids in the liver are unique because o
. . 7 i 4 L Li Il pl
they contain both oxygenated (hepatic N -, A————
artery) and deoxygenated (portal vein AN 7 - climcaaln]

which is full of nutrients from the
intestines) blood.

Lymphatic
duct

artery - —__
Bile duct

< Takes up, stores, and distributes Bile Canaliculi & Ducts
nutrients and vitamins.
% Plays an important role in maintaining /%  The diagram is important and K

kupffer cells are very important.
< Kupffer cells: a part of the
macrophage monocyte system
which deals with toxins and
pathogens in the liver
Space of disse is also called
perisinusoidal space
In liver cirrhosis, We see
compression of space of disse
preventing lymphatic drainage. this

blood glucose levels. By synthesis of
glycogen in case of hyperglycemia, and
release of glucose in case of
hypoglycemia.

% Regulates the circulating blood lipids by
the amount of very low—density
lipoproteins (LDL) it secretes.

% Synthesizes many of the circulating occlusion leads o portal
plasma proteins ( albumin ) and clotting hypertension and the high pressure
factors ( fibrinogen and prothrombin). \ leaks fluids from the portal vein to

%  Takes up numerous toxic compounds ' the abdomen. This is called ascites ,/,
and drugs from the portal circulation. |  Tterromommoommommomoomiooioo oot

%  Performs important endocrine functions
(as IGF-1, Angiotensinogen,
Thrombopoietin).

% Serves as an excretory organ for bile
pigments, cholesterol, and drugs.

“»  Continuously secretes bile, which after
storage in gall bladder is discharged into
duodenum.

R
%

R
%

Bile canaliculi Space of Disse

PV: Portal Vein, HA: Hepatic artery, S: Sinusoids
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The main digestive function of the liver

The main digestive function of the liver is the secretion of bile (normally 600-1000 mi/day).

It plays an important role in fat digestion bile serves as a means for excretion of
and absorption by its content of bile or waste products from the blood. These
by the following:; include especially bilirubin, an end
| product of hemoglobin destruction +
cholesterol.
They aid in absorption of Bile is considered secretion and excretion:
the digested fat end 1/ secretion : secret variable substance which

Emulsifying the large
fat particles of the food
into minute particles.**

products through the have important physiological function. Bile acid

intestinal mucosal and bile salt are important for fat digestion and
membrane, via micelles absorption.

formation.** 2/ excretion.

Gallbladder Bile Differs From Hepatic Bile

The bile flows in the canaliculi toward the hepatic
duct and common bile duct. From these the bile

either empties directly into the duodenum or is

The initial portion is secreted by the diverted for minutes up to several hours through
hepatocytes. It is secreted into bile canaliculi the cystic duct into the gallbladder (this
that Originate between the hepatic cells. (gallbladder b||e) is the second POrtion of liver

secretion which is added to the initial bile).
In between meal, when there is no need for bile, bile is diverted
and stored in the gallbladder.

Hepatic Bile: Isotonic secretion

(similar to that of plasma), with high —Ga.llbladder bile: high Bile acid
Na+, Cl- and HCO3 and low K+ and anlon and Ca2+; but low Na+,
Ca2+ > gallbladder bile w & i« Cl-, HCO3 and H20.

Biliary System

This show cross in liver lobule,
there are 2 plates of hepatocytes
radiating form the central canal. In
between this 2 plates there are bile
canaliculi. So, bile is secreted from
hepatocytes and then bile flow
through bile canaliculi.




Where The Common Bile Duct Opens™

The common bile duct open into the duodenum in company with the pancreatic duct at the ampulla of vater.
This opening is guarded by the sphincter of Oddi (choledochoduodenal sphincter).

The common bile duct ends below by piercing the medial wall of the second part of the duodenum, and is usually
joined by the main pancreatic duct. Together they open into the hepatopancreatic ampulla (ampulla of Vater).

Gallbladder Recap:

The gallbladder is completely covered by peritoneum, composed of the fundus, body, and neck. the narrow area
between the neck and the body is called the infundibulum. the fundus lies at the level of the tip of the 9th
intercostal space, it is supplied by the cystic artery, which is a branch of the hepatic, and drained by the cystic vein
directly to the portal vein

Gallbladder
Right and left hepatic ducts from liver

Common hepatic duct
Bile duct and sphincter

Hepatopancreatic —
ampulla and
sphincter

Duodenal Main pancreatic
papilla duct and sphincter

Bile Ducts,
Anatomy Team 439:

From the liver, there are 2 hepatic ’ ‘ ’ ‘
ducts (left and right ). Join to :
form common hepatic duct. T N
Common hepatic duct join the ‘ ‘ ‘ ‘
Fight heptic it — \ ‘ duct from the gallbladder called
Oystcduct — / Spleen cystic duct and form the common ‘
(Gallladder — j 1 Talof pancreas bile duct. The common bile duct
joining the pancreatic duct, and
open by a single orifice through
" ; the second portion of the

ArplaolVer 4 v duodenum in area called ampulla
Mejor duodenal papila . ~ of vater. This ampulla of vater is
guarded by sphincter called
duodenal sphincter / sphincter of
oddi.

Lef epaticduet — e Neck of pancreas

Duodenum
Minor duodenal papila

Head of pancreas

Accessory pancreafic duct

Characteristics of Bile*

A viscous golden yellow or greenish fluid

Isotonic with plasma and slightly alkaline (due to NaHCO3). It participates in
neutralization of acid chyme delivered from stomach.3 alkaline Gl secretions ?
Intestinal, pancreatic and bile. All these secretion participate in neutralization of
the acid chyme from stomach.

The liver produces about 5 L /day, but only 600-1000 ml/day are poured into the
duodenum. why? Stored and concentrated on the gallbladder.




What Are The Components of Bile?

From hepatocytes:

Bile acids (bile salts) (65% of dry weight of bile)
Phospholipids (Lecithin, 20%), phosphatidylcholine
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Proteins (5%)

Cholesterol (4%) bile is the major route for cholesterol excretion

Bile pigments (as bilirubin, 0.3%)
lons and water
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Electrolytes mainly HCO3", in addition to H20
These contribute to the volume of hepatic bile.
HCO3" aids in neutralization of acid chyme.

CCCCCCC

From hepatocytes
(organic constituents)

From ducts

While passing through the
duct, electrolytes and water
will be added. So increase the
volume.

Bile salts(65%)

Lecithin (20%)

Proteins (5%)
Cholesterol (4%)

Bilirubin (0.3%)

Aqueous alkaline Solution
(NaHCO3)



The major transport processes of
cholangiocytes that secrete an alkaline-rich

Cholangiocytes: Epithelium lining the bile ducts fl u Id *
DR's explanation:

The cholangiocytes maintains Isotonic secretion, with high

Na+, CI- and HCO3 and low K+ and Ca2+ by the following: - R— -
There are three ion channels in the direction of blood: \ y
1- Sodium-Hydrogen exchanger (NHE1) o \/ e\ Gitatrione

2- Sodium-Bicarbonate cotransporter (NBC)
3-Sodium-potassium-two chloride (NKCCI):

After these ions enter, potassium immediately leaves by
potassium channels.Chloride is secreted to the luminal border
by the famous CFTR channels, and sodium follows chloride
through sodium channels, then water follows NaCl.

on the luminal border, HCO3-Cl counter transport occurs, so
HCO3 is secreted to the lumen, and Chloride enters the cell. But
chloride goes again to the lumin by CFTR.
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Another important protein on the luminal border Is GGT, which Extacelluar i
converts Glutathione into amino acids. There is Active ™ . -

. . 2nd Stanton: Beme & Levy Physiology, 6th Editon
reabsorption of Glucose and A.A. to prevent bacterial growth. oo 2010 by oy o e of B . M s et

Hepatic Bile: Isotonic secretion, with high Na+, Cl- and HCO3
and low K+ and Ca2+.

Storing and Concentrating Bile in the
Ga"bladder _@-'15;@555&5""\

gallbladder is almost
opposite to to that of the

K \ ﬁallbladder concentrates the biIe,\ / \

which has the bile salts, cholesterol,
lecithin, and bilirubin during every
12 hours of bile secretion (usually
about 450 mL) because water, Na,
Cl, and most other small

Bile is secreted

continually by the . The tight junctions Bile is normally
liver cells and then electrolytes are continually have low concentrated in
normally stored in absorbed through the gallbladder ermeability, the this way about
the allt\)/ladder until mucosa by active transport of Eesist the ;/Zssa \é 5-fold \lgut it can
neeged in the sodium, and this is followed by of Bile Acig anioﬁs be con’centrated
secondary absorption of chloride .
duodenum . (BA) out of the up to a maximum
(gallbladder can hold lons, water, and most other lumen of 20-fold
3g0 t0 60 mL) diffusible constituents. ) '
' Na+ is actively transport through Their conc. is high in the
the gallbladder mucosa. Then, bile of Gallbladder, but (
followed by secondary absorption Na*, HCO,", H,0, CI)

conc. is low in compare to

\ofCI—, water, and most other hepatic bile
L ) diffusible constituents, / \_ | VAN J

\\ 4 \\ 4




Concentration of Bile During Storage in
The Gallbladder

DR's explanation:

Gallbladder bile has high Bile acid anion and Ca2+ ; but low Na+, Cl-, HCO3
and H20, this is done by the following:

1-Sodium-Hydrogen exchanger is present on the luminal border, which gets
sodium in and hydrogen out Actively. The source of hydrogen is the Carbonic
Anhydrase reaction

Sodium then is pumped to the blood in exchange for potassium by
sodium-potassium ATPase. Sodium left, chloride left, water should leave to
maintain the osmolarity. The tight junctions have low permeability, they resist
the passage of Bile Acid anions (BA) out of the lumen.

CFTR: Cystic fibrosis transmembrane conductance regulator (chloride
channel).Doctor: just know that it is a chloride channel

Gallbladder bile: high Bile acid anion and Ca2+; but low Na+, Cl-,HCO3 and
H20.

The function of gallbladder is to store
and concentrate bile. To store the
amount that is continuously secreted
by the liver, it must be concentrated,
why? Gallbladder capacity is only 30-60
ml, and can store about half liter or
450ml by concentrate the bile, how? By
removing water, and to remove water,
Na* must be transported from the
lumen into the gallbladder epithelial
cells by active transport, then to
capillary circulation. This is followed by
Cl-and HCO3‘ absorption. So, due to
increase osmolarity (osmotic pressure)

K-'-

Pressure

i water will move from low to high
4 Basement membrane Q osmotlc gradient. '

This cause absorption of Na*, CI7, HCO,

Capillary

Koeppen and Stanton: Berne & Levy Physiology, 6th Edition. an d Wate r.
Copynght © 2010 by Mosby, an imprint of Elsevier, Inc. All nghts reserved.



Differences Between Hepatic and

Gallbladder Bile*
Water (g/dl) 97.5 92
Total solids 2-4% 11 %
Bile salts (g/dl) 1.1 6
most important
u | Bilirubin (g/dl) 0.04 0.3
@
%D Cholesterol 0.1 0.3-0.9
(g/dI)
Fatty acids 0.12 0.3-1.2
(g/dl)
Phospholipids 0.5 4
—  Na+(mEg/L) 145 130
a
S C-(mEq/L) 100 25
[
< | HCO3- (mEqg/L) 28 10
()
< Ca++(mEq/L) 5 23
po
2 K+(mEq/L) 5 12
pH 8.3 bcs of HCO3 7.5

) 038 ()58 525 pgea ()l oSl (KU 58 il ks s sllae e
1/ all the constituents are concentrated in gallbladder bile in compare to hepatic bile except (
Na*, CI, HCOB‘ and water ).
2/ (Na*, CI, HCO,™ and water) are low conc. in compare to hepatic bile? Due to absorption.
3/ pH of gallbladder is lower than pH of hepatic, but both are alkaline, which is important
physiologically, because all the constituents are concentrated, it may cause Ca** stones. But
since the pH is lower, Ca** solubility is more in acidic medium. So, lower pH “as compared to
that of hepatic bile” prevent precipitation of Ca**, and guard against Ca** stones.
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Regulation of Bile Secretion

Bile secretion is_primarily regulated by a feedback mechanism, with secondary
hormonal and neural controls.

Feedback Control Concentration of bile acid in hepatic portal blood is
Most important the major determinant of its synthesis
Bile acids after secretion, when they reach the
duodenum and terminal ileum they are reabsorbed
again into the liver through the portal circulation,
which is essential to stimulate bile secretion more

and more.
Lgwadt] 313 i Jandi LgilS
Hormonal Control Secretin, CCK, and estrogen stimulate bile
secretion
Neural Control Parasympathetic and sympathetic nerves supply

the biliary system.

% Parasympathetic (vagal) stimulation results
in contraction of the gallbladder and
relaxation of the sphincter of Oddi, as well as
increased bile formation.

% {Bilateral vagotomy (cutting of vagus nerve

in left and right side) results in reduced bile

secretion after a meal, suggesting that the

parasympathetic nervous system plays a

role in mediating bile secretion}.

By contrast, sympathetic stimulation results

in reduced bile secretion and relaxation of

the gallbladder. + contract the sphincter.

K/
L %4

Regulators:
1- Feedback
2- Nutrients stimulate | cells to secrete CCK, which
contracts the bladder and relaxes the sphincter of Oddi.
Mo, CCK also stimulates dorsal vagal complex in the brainstem
via the vagal afferents, which gives commands to the vagal
efferents to stimulate the gallbladder by ACh, and also it
relaxes the sphincter of Oddi by NO and VIP

ACh and CCK

cause smooth
muscle

contraction

i cck
Via bloodstream

CCK and vagal stimulation have the same effect

Neurchumoral control of gallbladder
contraction and biliary secretion




Feedback Control of Bile Secretion through
Enterohepatic Circulation of Bile Salts

The topic was found in boys and girls slides but the text was found in boys slides only. Pictures were in both.

The hepatocytes of the liver continuously synthesize and secrete the constituents of bile actively by BSEP and
also by MOAT (Step 1)

The components of bile are the bile salts, cholesterol, phospholipids, bile pigments, ions, and water. secretion
of these ions by cholangiocytes is stimulated by secretin, because you know that secretin hates acidity, and
these secretions contains bicarbonate. Bile flows out of the liver through the bile ducts and fills the gallbladder,
where it is stored (Step 2) (Some bile goes directly to the intestine without entering the gallbladder)

The gallbladder then concentrates the bile salts by absorption of water and ions.

When chyme reaches the small intestine, CCK is secreted. CCK has two separate but coordinated

actions on the biliary system: It stimulates contraction of the gallbladder and relaxation of the

sphincter of Oddi, causing stored bile to flow from the gallbladder into the lumen of the duodenum (Step 3). In
the small intestine, the bile salts emulsify and solubilize dietary lipids.

When lipid absorption is complete, the bile salts are recirculated to the liver via the enterohepatic circulation,
mediated by the active transporter ASBT (Step 4)

The steps involved in the enterohepatic circulation include absorption of bile salts from the ileum into the

portal circulation, delivery back to the liver mediated by two active transporters; OATP and Ntcp, and extraction
of bile salts from the portal blood by the hepatocytes. (Step 5)

The picture is important

Gallbladder Galibladder
er (MOAT)

lons and water lons and water - Api

)
@
—2—ocx Uver 2o
\,g Ouodenum \,({ Ouodenum
® O
% silo E— 7

1F =
fons and water et Sphinctor 7 lons and water Sphincter
of Oddt o

t Odai
ﬂ (oaTP) ®
Na*Bile salt

Na*-independent
(ASBT)

P=——=""]
) +—2 2 | vem Q) —2 Zo ]
5% normally move 2+1. Bile secreted "including bile salt" from liver and Gallbladder.
towards the colon 4. when bile reach terminal ileum, most of Bile reabsorbed again.

5. When Bile reach the to the liver, it stimulate the liver for synthesis of
more Bile and bile salts

v s
B

cont
galibladder REoocNu

Secondary
bile acids.

i
E
i
ILEUM
— BILE Fecal excretion of primary
(15 to 30 g bile salts/day) and secondary bile salts
s PORTAL CIRCULATION [t bile acids (IS GRS
(15 10 30 g bile salts and acids/day) {}
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Regulation of Bile secretion

Secretin directly stimulate hepatocytes to increase HCO, " in
the bile (as in pancreatic secretion)
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Bile acids & salts

What are bile acids ?

K2

%  Bile acids are formed in the liver from cholesterol (Doctor: we asked about this in previous
exams). During the conversion, hydroxyl groups (by 7 a- hydroxylase) and a carboxyl
group are added to the steroid nucleus.”

%  Bile acids are steroid acids, synthesized in the liver from cholesterol by the enzyme

cholesterol 7 a-hydroxylase.”

Primary Secondary

Bile acids are

classified as:

% cholic acid
% chenodeoxycholic acid

% deoxycholic acid
% lithocholic acid

In intestine by bacterial flora, they convert primary bile
acids to secondary bile acids.

Bile acids conversion

<> The hepatocytes synthesize the primary bile acids (by C 27-dehydroxylase)*

<> The principle primary bile acids conjugate with glycine or taurine to form glyco and taurocholic bile acids.
Bile acids are secreted as conjugates of taurine or glycine.

<> When bile enters the Gl tract, bacteria present in the lumen act on the primary bile acids and convert them

to secondary bile acids by dehydroxylation.*:

1-Cholic acid is converted to deoxycholic acid.”

2-Chenodeoxycholic acid to lithocholic acid.”

Which is cytotoxic and can be sulfated by the liver if it presents in high concentration.*

Intestinal bacteria
in terminal ileum

Primar Secondar
cholesterol . . M . . v
bile acids bile acids
Non-Polar
Polar Non-Polar

) Dehydroxylation
Hydroxylation and

carboxylation

cholic, chenodeoxycholic acids. deoxychalic, lithocholic acids.

Cholesterol

ﬂ S
[ primary bile acids S
Chenodeoxycholic
Intestinal acid
bacteria

[ Sccondary bile acids N
Lithocholic acid




Only in boys slides

Properties of Bile acids & salts

At a neutral pH, the bile acids are mostly ionized, more water soluble, and are referred to as bile
salts. Conjugated bile acids ionize more readily than the unconjugated bile acids and, thus, usually
exist as salts of various cations (mostly Na+) e.g., sodium glycocholate. Bile salt are more polar and
more water soluble. So, they cross the cell membrane of intestinal epithelium poorly ( cross the
membrane at slower rate than Bile Acid). So, they remain for a sufficient time in the small intestine
until most of the fat and fat soluble vitamin are Absorbed

(we need Bile acids to form micelles to help fat Absorption)

The conjugation biochemical reaction decreases the pKa of the compound and make it more
ionized.”

Bile salts are much more polar than bile acids and have greater difficulty penetrating cell
membranes. Consequently, the small intestine absorbs bile salts much more poorly than bile acids.
This property of bile salts is important because they play an integral role in the intestinal absorption
of lipid. Therefore, it is important that the small intestine absorb bile salts only after all of the lipid
has been absorbed.

Bile acids are amphipathic that is having both hydrophilic & hydrophobic domains and tend to form
molecular arrangement called micelles. In bile acid micelle, the hydrophobic side of bile acid faces
inside & away from water. The hydrophilic surface faces outward towards the water.
Bile acid micelles form when the conc. of bile acids exceed a certain limit (critical micelle conc.).
Above this conc., any additional bile acid will join the micelle. Normally bile acid conc. in bile is much
greater than critical micelle conc.”

fat absorption & sacbuadl micelles JVAlla & (3 5 50 Laila agi) Lalias
Also, make the cholesterol in the bile globule form > prevent formation of cholesterol stones.

Hydrophobic

{’/ {‘-, S\./b/

Hydropn ilic

Figure 26.13: Bile acids are formed
from cholesterol in the liver.

Bile acids are conjugated with the
amino acid, glycine, and taurine
(which is an organic compound
available in animal tissue) in the

liver. ‘ ,L‘ 5 — Is
At neutral pH, the bile acids are % Oeooolcsct
mostly ionized and referred to as ‘ el
bile salts. Choestoro ~ 047 — 5
HO' OH ”OJ/\T/
Cmnot%eagdxymobc Lithocholic acid

£ w3 &
g.\/\ Bile Acid

e

Primary bile acids

Secondary bile acids

OH
©=0

Figure 26.13



Role of Bile Salts to Accelerate Fat Digestion

Formation of Micelles®

Hydrophobic face

<> Bile salts have the ability to form micelles, (each bile

salt molecule is composed of a sterol nucleus that is
fat-soluble and a polar group that is water-soluble.

<> Micelles are small spherical, cylindrical globules 3 to A
6 nm in diameter composed of 20 to 40 molecules of
bile salt.

% The polar groups are (-) charged, they allow the entire
micelle globule to dissolve in the water of the
digestive fluids and to remain in stable solution.

%  The micelles act as a transport medium to carry the

monoglycerides and free fatty acids to the brush

borders of the intestinal epithelial cells.

Cylindrical
micelle

Functions of Bile Salts/ acids

% Bile acids

Phospholipids

Hydrophilic face

OH groups

Peptide bond

Carboxyl or
sulfonic acid

Cross-section
®a 3P 2TAD ¢

&° &b S0

{} cholesterot

|| Fat-soluble vitamins

Free fatty acids

2-Monoglycerides

1-In Fat Digestion and Absorption 2-0ther Functions of Bile Salts

; 1-Digestion:

0,

' 2-Absorption

%  They have a detergent action (emulsifying) on
the fat particles in the food which decreases
the surface tension of the particles.”

& Bile salts have a detergent action that help fat
digestion by decreasing fat surface tension
resulting in emulsification of fats into small
particles. This increase the surface area upon
which the digestive enzymes will act.”

% They help in the absorption of fatty acids,
monoglycerides, cholesterol, and other lipids from
the intestinal tract.”

+“ Bile salts combine with fats to form micelles
(water soluble compounds) from which fatty acids,
monoglycerides, cholesterol, and other lipids can
be absorbed from the intestinal tract. Without the
presence of bile salts in intestinal tract, up to 40%
of lipids are lost into the stools (steatorrhea).”

bile.

o Bile salts are essential for absorption of fat
soluble vitamins (A, D, E and K).

o Inthe liver, bile salts are important for
stimulating bile secretion and flow (choleretic
action). They also take part in the formation of
micelles which render cholesterol soluble in

Fat globule

Nonpolar region
(hydrophobic

and lipophiic) — M3~ Polar (charged)

e andpoptic
It

Bile salts intersperse
Between the fat molecules
and decrease the surface
tension. Decrease
attraction force and divide
the fat globules into
smaller particles. Increase sl il
surface area for the action i
of pancreatic lipase \¢
enzyme,

bile salts via enterohepatic

to secrete more bile salts

regions (ydrophobic:

duodenum™—=
terminal

ileum

circulation stimulate hepatocytes

Guard against
formation of
cholesterol
stones (
gallbladder
stone)

Micelles formation



Enterohepatic Circulation (Portal circulation) of Bile
Salts*/ Enterohepatic Circulation of Bile Acids™

Enterohepatic Circulation of Bile Salts: [ Total Bile Acid Pool .

! | The total amount of bile acids in the body, primary or
E is the recycling of bile salts between the smalll o secondary, conjugated or free, at any time. I

intestine and the liver.

- In healthy people, the bile acid pool ranges from 2 to 4 g.

< The enterohepatic circulation of bile acids in this pool is physiologically extremely important. By cycling
several times during a meal, a relatively small bile acid pool can provide the body with sufficient amounts of
bile salts to promote lipid absorption. In a light eater (little fat in the diet), the bile acid pool may circulate
three to five (3-5) times a day; in a heavy eater (high fat in the diet), it may circulate 14 to 16 times a day. So,
enterohepatic circulation depend on the diet.

“»  Theintestine is normally extremely efficient in absorbing the bile salts by carriers located in the distal ileum.
Inflammation of the ileum can lead to their malabsorption and result in the loss of large quantities of bile
salts in the feces e.g., inflammatory bowel diseases (Crohn’s disease and Ulcerative Colitis).*

L8 If enterohepatic circulation is interrupted (e.g. due to obstruction or surgical removal or inflammation of the
terminal ileum + thrombosis in portal circulation , bile flow is markedly reduced.”

< Large quantities of bile salts enter the colon (diarrhea) and lost in the feces.

Depending on the severity of illness, malabsorption of fat may result in steatorrhea (fat in stool) because
bile salt pool was depleted following the ileal inflammation or resectioning. Presence of bile salt in the
colonic lumen will activate Cl secretion, Na and water will follow Cl into the intestinal lumen, producing
secretory diarrhea.

<» Steatorrheais Dueto:

- deficiency of bile.

- insufficiency of pancreatic lipase.
-Malabsorption and maldigestion.

Hepatic
portal vein
Gallbladder——

Small
intestine




Enterohepatic Circulation (Portal circulation) of Bile Salts*/ Enterohepatic
Circulation of Bile Acids* Continuation...

Only in girls slides

4

<2 About 5-15 g of bile acids are poured into the duodenum/day.

g In the intestine, some of bile acids are deconjugated and dehydroxylated in the 7 a position by
intestinal bacteria that normally colonize in the digestive tract.

2 Dehydroxylation results in the production of secondary bile acids:
1-Cholic acid is converted to deoxycholic acid
2-chenodeoxycholic acid to lithocholic acid.

<> On reaching the terminal ileum, about 95% of bile acids are absorbed and reach the liver through the
portal vein. Stimulate more bile secretion ( feedback control ).

g About 0.3-0.5 g of bile acids are lost in feces daily (15-35% of total bile acid pool). These are replaced
by new synthesis in liver. So, total bile acids remain constant. Feedback regulation will stimulate liver to

\ synthesis the same amounts of BA that is secreted out with feces.

Glyco- or Tauro-

Bile salts: cholate

Glyco- or Tauro-
Chenodeoxycholate

Tavrine

+—— By Intestinal bacteria ——
Glycine and / \

Glycine
and Taurine

1° Bile acids: Cholic acid

Chenodeoxycholic acid

|

./———— By Intestinal bacteria ——1—.

2° Bile acids: Deoxycholic acid

Lithocholic acid

|

Gallbladder

Enterohepatic
circulation

\..

Conversion of bile salts by
it

Resorption
in terminal lleum

excretion (0,3-0,59)

What is the difference between primary and secondary ?
Primary bile acids contain hydroxyl group and conjugate with
amino acids ( glycine and taurine ).

So, it converts to secondary by deconjugation and
dehydroxylation (in intestine by intestinal flora).

Absorption of Bile Acids in The Small intestines™

Bile acids are absorbed largely in the terminal part of the ileum. They

cross the brush border plasma membrane by two routes:

Bile Acid Absorption In Terminal lleum
Lumen of the terminal ileum - an essential organ

Conjugated bile acids are 2ry active transported (Sodium
dependent ) powered by the Na+ gradient across the brush

border membrane.The same as amino acids, glucose and 2. Difision | Cotansprt
galactose o
.
[} l Na*
\ SBﬁwmmsm:
Terminal
ileum cell

Unconjugated bile acids are better absorbed by simple
diffusion. (They are less polar).

4. Carrier for faciitated transport




Absorption of Bile Acids into portal circulation™

Bile salts or bile acids in the intestine lumen are absorbed via four pathways into portal circulation

(enterohepatic circulation):

1 2 3 4L

} ) ! !

An active

Passive diffusion carrier-mediated De-conjugation Trgnsforrping tlhe
and/or primary bile acids
process : .
(Apical Na+ ch;)r'?nSﬂljtmlmgb'(ljf to secondary bile
dependent Bile salt 'Ide ?S ?:) Ot ne ) acids (by bacteria)
transporter (ASBT). acids {by bacteria
Liver

Conjugation ‘\
Primary Secondary
bile salts Dbile salts/‘——_

Portal
circulation

~500 mg bile

acids lost
daily in feces
A

Colon

Bile
salts Bile

..... /®/xé acTids \
/ / Fr'e - —an Deoxycholic

Conjugated @ :
. <: ) — A acid
bile bile "5 | ithocholic
salts acids

acid
Small Terminal Cecum
intestine ileum

Figure 26.16 Bile salts are recycled.

Absorption of bile acids or bile salt back into hepatocytes

Multiple transport mechanisms are located in the hepatocyte plasma membrane for uptake of bile acids from

sinusoidal blood.
Bile salts or bile acids in the portal circulation are absorbed via four pathways into hepatocytes™:

An active carrier-mediated k Q@ )

process:
conjugated bile acids-Na co-transport (Bile salt-Na+ coupled (Ntcp).

Na* - Cotransport
Na*

Conjugated
bile acids Na- Ind d
a* - Independent Synthesis

reconjugation

Na-independent pathway (Bile acid-Na+ independent (OATP).
Facilitated diffusion (Sodium independent)

Bile acid-anion

HCO3, OH

Unconjugated
bile acids Conjugated

bile acids

Diffusion

Bile acid-HCO3 or Bile acid-OH exchange.
- OH and HCO;™ = reabsorbed or leave the cell.
- unconjugated bile acid - enter into the cell. Na', Ch, H:0

Na* Bile Canaliculus.

Passive diffusion (very little).



Absorption of bile acids or bile salt back into hepatocytes

Only in girls slides

Hepatocytes extract bile
acids, essentially
clearing the bile acids
from the blood in a
single pass through the
liver.

In the hepatocytes, most
deconjugated bile acids
are reconjugated & some
2ry bile acids are
rehydroxylated.

B Se primary 4z

intestine & Jas

- Intestine: deconjugation
and dehydroxylation.
- Liver: reconjugation
and rehydroxylation

The reprocessed bile
acids, together with
newly synthesized bile
acids, are secreted into
bile.

Importance of Enterohepatic
Circulation of Bile Acids

hepatocytes.”

It is essential for stimulating & maintaining the secretion of bile by

The greater the quantity of bile salts in the enterohepatic circulation, the
greater the rate of bile secretion.”

By cycling several times, a relatively small bile acid pool can provide the
body with sufficient amounts of bile salts to promote lipid absorption.



Female slides

Liver = Enterohepatic Circulation

Secrete

A\

Bile

\/

Terminal ileum

95% absorbed in

5%

A\

\/

Lost in feces Need to be replaced by liver

Needed for

\/

Enterohepatic Circulation Recycling of Bile Salts

Why Recycling Bile salts is needed?

Up to 5 times the available

bile salts
Single meal > A4S e S pling anal)
bile salt Jax 13K 5 canally 83 52 5all
aall I recycling
Gallstones
Causes of galistones:

1. Too much of
from bile More concentrated bile
absorption of bile

acids from bile
3. Too much cholesterol in bile
4. Inflammation of epithelium

Common bile duct

Pancreatic duct

Sphincter of Oddi

19




MCQ & SAQ:

Q1: Hepatic bile secretion is containing: Q2: Which of the following transporters carries
A. High Bile acid anion and Ca2+ the bile salts back to the liver through the
B. Low Na+, Cl-, HCO3 and H20 portal vein?
C. Low K+ and Ca2+ A. BSEP
D.B+C B. ASBT
C. MOTP
D. OATP

Q4: Which of the following is the action of bile

Q3: The absorption of bile salts occur in: o
salt on the digestion of fat:

A. 3rd part of the duodenum
B. Jejunum A. Break triglycerides to FFA

C.lleum B. Emulsify fat to small particles
D. Colon C. Increase fat surface tension
D. Reduce cholesteryl ester

Q6: Which of the following is a pathway for
absorption of bile acids or salts back into the

Q5: Chenodeoxycholic acid is converted
to lithocholic acid by:

A. Liver enzymes hepatocytes: £
B. Intestinal mucosa A. Bile acid-H exchange g
C. Intestinal bacteria B. Apical Na+ dependent bile salt transporter a §
D. Micelles C. Na-independent pathway )

:hay

D. all are true Jamsue

1- What provides hydrogen ions for the process of bile concentrations?
2- What is the main determinant of bile acid synthesis?
3-Name 2 pathways for absorption of bile acids into the portal circulation ?

4-Mention two functions of bile acids?
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