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Bile Acids & Salts

@ Objectives:.

@ Structure of primary bile acids and salts @ Enterohepatic circulation

@ Structure of secondary bile acids and salts @ Malabsorption syndrome

@ Functions of bile salts @ Cholelithiasis
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Cholesterol & Primary Bile Acids

a Cholesterol Primary Bile Acids

Amphipathic'
e Has 27 carbons atoms. e Has 24 carbon atoms with COOH at side
e Parent steroid compound. chain.
e Precursor of bile acids and salfs e It's synthesized from Cholesterol by removing

3C, and adding Hydroxyl groups:
- Cholic acid — Has 3 OH (2 were added)
- Chenodeoxycholic— Has 2 OH (1 was added)

Hydrmagon “tail" Ber=

<k

22 24 g
21 =] Will be discussed in next slide

HO ™™ ~ O

CTholic acida
Lol Lo

Steroid
nucleus s

H

HO 4 6 HO ™ ok OH
Cholesterol Cher

Have both hydrophilic and hydrophobic parts.




Hepatic Synthesis of Bile Acids

e The rate-limiting step is catalyzed by: Cholesterol 7- a-hydroxylase.'

HO

Up-regulated by Down-regulated by Cholesterol
. . Cholesterol Cholic acid
e Cholesterol e End products (bile acids) 7achyaroxyiase Jan o\ eatarol
“Enzyme induction” “Enzyme repression” . e
Explanation: If we have too much of the precursor Explanation: If we have too much of the product(bile acids) it j oH
(Cholesterol) it will INDUCE the synthesis of the enzyme and will REPRESS the synthesis of the enzyme and inhibit the on
increase bile acids synthesis of bile acids.
HO* OH
H
Cholic acid

EXTRA but IMPORTANT for understanding (most will be repeated in next slide): So now that we've synthesized the bile acids we will
convert them info bile salts. But before we begin, What's the difference between bile acid and bile salts2

Simply before the bile acids leave the liver, they are conjugated to a molecule of either glycine or taurine, by an amide bond
between the carboxyl group of the bile acid and the amino group of the added compound. Addition of glycine or taurine
results in the presence of a carboxyl group with a lower pKa (from glycine) or a sulfonate group (from taurine), both of which are
fully ionized (negatively charged) af physiologic pH, thus, the conjugated forms are called bile salfs

1. Adds hydroxyl group at carbon 7 of the steroid nucleus.



Primary Bile Acids & Salts

BILE ACIDS BILE SALTS

. . Conjugated with glycine or taurine
Cholic acid Glycocholic & Taurocholic

Conjugated with glycine or taurine

Chenodeoxycholic acid Glycochenodeoxycholic & Taurochenodeoxycholic
Bile Salts /\“iécﬂ-—:”yc —
(Conjugated bile acids) =S on ooeeee
e Addition of glycine or taurine forming an amide bond between e I o
them and the bile acids, results in the presence of fully ionized e skt
groups at pH 7.0: Chencdecxycholic acid  Taurine
o COOH of glycine T
o SO3 of taurine i

CH.

( Hence, its name as bile salts e.g., Sodium or potassium
glycocholate )
. . . . . . . (a bile salt)
o The ratio of glycme to taurine forms in the bile is 3:1 After the addition of glycine or taurine they will now
e Bile salts are more effective detergent than bile acids form bile saifs in combinafion with Na or Kresulting in
Sodium or Potassium Glycocholate,

® Only bile SG"S, but not QCidS, found in bile Sodium or Potassium Taurochenodeoxycholate

HO oH
H

Taurochenodeoxycholic acid




Secondary bile acids & Enterohepatic circulation

Secondary bile acids:

Bile salts Glyco- or Tauro-cholate - Chenodeoxycholate

Intestinal bacteria Glycine

Deconjugation Taurine

Enterohepatic circulation:

1° Bile

TR Cholic acid :

Chenodeoxycholic

Intestinal bacteria OH

Bacterial 7a-dehydroxylation

2° Bile

acids Lithocholic

Deoxycholic acid -

Primary bile acids
Secondary (0.5 g/day)

e it Glycine
bile aCIdig—Taurine ) 7

Primary and secondary
bile salts

BILE DUCT

Glycine bile acids
Taurine

PORTAL VEIN

Secondary

DUODENUM

Primary
bile salts

Glycine

jondary Taurine

bile salts
Primary

bile acids

(15-30 g bile salts/day) and secondary bile salts

wemmm= PORTAL CIRCULATION

s BILE
(15-30 g bile salts and acids/day)

( and bile acids (0.5 g/day)

Fecal excretion of primary K

Cholestyramine:
° Bile acid sequestrants.
. Binds to bile acids in the gut, prevent the
promote their excretion.

ir reabsorption, and so

° It is used in the treatment of hypercholesterolemia’

Dietary fibers:

° It binds to bile acids, increasing their excretion.




Hormonal Control of Bile Secretion

Bile! secretion:

Undigested lipids and partfially
digested proteins in duodenum.

Hormone from
gut cells

Cholecystokinin (CCK)

1- Secretion of pancreatic enzymes
2- Bile secretion

Responses 3- Slow release of gastric contents

Functions of Bile Salts:

Important for cholesterol excretion:
1- As metabolic products of cholesterol .
2- Solubilizer of cholesterol in bile.

Cofactor for pancreatic lipase and PLA2

Py Y Ve

Explanation: Cells in the mucosa of the lower duodenum and jejunum
produce a small peptide hormone, cholecystokinin (CCK), in response
to the presence of lipids and partially digested proteins entering these
regions of the upper small intestine. CCK acts on the gallbladder
(causing it to contract and release bile), and on the exocrine cells of
the pancreas (causing them to release digestive enzymes). It also
decreases gastric motility, resulting in a slower release of gastric
contents into the small intestine. Other intestinal cells produce another
small peptide hormone, secretin, in response to the low pH of the
chyme entering the intestine. Secretin causes the pancreas and the
liver to release a solution rich in bicarbonate that helps neutralize the
pH of the intestinal contents, bringing them to the appropriate pH for

v digestive activity by pancreatic enzymes.

Emulsifying factors for dietary lipids,
a prerequisite step for efficient lipid digestion.

Facilitate intestinal lipid absorption by
formation of mixed micelle

1. Don't mix it with bile salts which is a COMPONENT of Bile, so we can say that Bile is a mixture of bile salts, phospholipids, and free cholesterol.




Functions of bile salts cont.

- Emulsification - Absorption of Lipids

) Emulsification of dietary fat occurs in duodenum. . . . .
. Emulsification increases the surface area of lipid Lipids require Mixed micelles to get

droplets, therefore the digestive enzymes can absorbed. ) )
effectively act. What are Mixed micelles?

R Disc-shaped clusters of amphipathic
Has 2 Mech :
* as £ Mechanisms lipids.Arranged with their hydrophobic groups
on the inside and their hydrophilic groups on
the outside.
Mechanical mixing by peristalsis. b IS

What are they formed of?

Bile salts TR R PR :
¢ Free fatty :
8¢ c . ¢ acids(Long-chain),
End products of lipid digestion +++1 Free cholesterol and
: 2-monoacylglycerol.

2 Detergent effect of bile salts.

Bile salts interact with lipid
particles and agueous duodenal
contents, stabilizing the particles
as they become smaller, and
preventing them from coalescing.

4

Fat-soluble vitamins SR :

Note that Short- and medium-chain fatty acids do not
require mixed micelle for absorption by intestinal
cells.

Sman oi droplets




Malabsorption and Cholelithiasis

Malabsorption/ Maldigestion of lipids Cholelithiasis’
Cholesterol Gallstone? Diseases

Causes:
e Decreased bile salts in bile:
o  Biliary tract obstruction(Interferes
with enterohepatic circulation)
o  Hepatic dysfunction(Decrease
synthesis)
| e Increased biliary cholesterol excretion.

Decreased bile secretion by:
e Lliver diseases: (Decrease synthesis)
o e.g.Hepatitis or cirrhosis
e Gallbladder diseases: (Obsfruction)
o e.g.Gallstones

Treatment: shock wave, Bile acid replacement
thera PY (not very effective cuz there's high chance of recurrence),

Malabsorption of lipids surgical (majority)

2- If there's any disturbance between bile acid and cholesterol then the bile which
contain the cholesterol will accumulate and stay in the bile which cause the formation of
stones




Synthesis of Primary
bile acids:

Synthesis of Bile salts:

Synthesis of Secondary
bile acids:

Enterohepatic
circulation:

Hormonal control of
Bile secretion: CCK

Functions of bile salts:

Summary

Click here for a cool pic from Kaplan

Cholesterol(27C) — Primary bile acids(24C) (Chenodeoxycholic, Cholic acid)
Rate limiting step is catalyzed by: Cholesterol 7- a-hydroxylase

o Induced by: Cholesterol

o Inhibited by: Bile acids

Primary bile acids — Bile salts (Glycocholic & Taurocholic Or Glycochenodeoxycholic & Taurochenodeoxycholic)
o Synthesized by Conjugation with glycine or taurine resulting in the presence of fully ionized groups at pH 7.
o Note that Only bile salts, but not acids, found in bile.

Bile salts —1Primary bile acid — Secondary bile acids(Deoxycholic acid, Lithocholic)
o 1- Converted by intestinal bacteria, End products: Primary bile acids, By products: Glycine and taurine.
o 2- Converted by intestinal bacteria. End products: Secondary bile acids, By products: OH.

Cholestyramine:
o Bile acid sequestrants, binds to bile acids in the gut, prevent their reabsorption, and so promote their excretion.
) It is used in the freatment of hypercholesterolemia

Dietary fibers:
o It binds to bile acids, increasing their excretion.

Stimulus: Undigested lipids and partially digested proteins in duodenum.
Responses: 1- Secretion of pancreatic enzymes, 2- Bile secretion, 3- Slow release of gastric contents.

1- Important for cholesterol excretion, 2- Emulsification of fat, 3- Cofactor for pancreatic lipase and PLA2,
4- Facilitate lipid absorption.
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Q1: Which of the following is the precursor for Primary bile acids?
a) Proteins b) Cholesterol c) Carbohydrates d) Bilirubin

Q2: Which of the following enzymes is responsible for the formation of Primary
Bile acids?

a) Cholesterol 7-a- hydroxylase b) 7-a- carboxylase

c) 7-a- Dehydroxylase d) amylase

Q3: Which of the following is true regarding cholestyramine?
a) Prevents bile acids reabsorption b) Promotes bile acids reabsorption
c) Prevents bile acids excretion d) None of the above

Q4: Which of the following is found in bile?
a) Bile acids b) Carbohydrates c) Bile salts d) Hemoglobin

Q5: Which of the following is a secondary bile acid?
a) Glycochenodeoxycholic b) Cholic acid
c) Taurocholic d) Lithocholic

Qé: Which of the following substance enhances the synthesis of bile acids?
a) Bile acids b) Proteins c) Vitamin A d) Cholesterol

Q1: Mention 3 functions for bile salts.

Q2: What are the mechanisms of
emulsification?

Q3: What are the components of
micelles?

Q4: What hormone controls the
secretion of bile? Its effects?
MCQs Answer key:

SAQs Answer key:
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