5 Régulation

Systeme digestif Régulation neuro-endocrine de la sécrétion gastrique
Relation cerveau-tube digestif

Cephalic )
(central)
stimulation

Phase céphalique SNC

Enteric
plexus

Phase gastrique neuro-
endocrine

Vagal
efferent

Amino
(+) acids/
peptides

. . V. | |
Voie neurocrine: Nerfvague - ACh - HCl e el
reflex reflex

Voie endocrine: Cellule G - Gastrine - HCI

2

Vagal |
afferent | u

Gastric acid secretion initiated and modulated by nervous system via central stimulation
through vagal efferents and enteric plexus and by intramural (short) feedback loop and -OJUHN ACRAI
asecond (long, or vagovagal) feedback loop, both stimulated by gastric antral distention LC]

FIGURE 7.13 VAGAL CONTROL OF GASTRIC SECRETION

Gastric secretion, in response to sight, smell, taste, and chewing of
food, is initiated and modulated by the vagus nerves of the auto- acid (HC) and gastrin. The presence of acid, amino acids, and
nomic nervous system. This initial stimulation of secretomotor peptides, as well as gastric distention, effectively stimulates the
activity is referred to as the “cephalic phase.” The vagal stimulation  next phase of gastric secretion, termed the “gastric phase.”

acts via the enteric nervous system to initiate gastric secretion of
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5 Régulation

Systeme digestif 3 phases de la sécrétion gastrique et leurs régulations

Vagal center
of medulla

Cephalic phase via vagus

e @ Parasympathetics excite
~ € —4 pepsin and acid production
" Food Secretory

—_ fiber

-
e

Gastric phase:

i e 1. Local nervous
Afferent  Vagus 4 .
ﬁbe?s trugnuk Local nerve O~ secretory reflexes
plexus\ [ 2. Vagal reflexes
VX 3. Gastrin-histamine
Af stimulation

/

Circulatory system

Gastrin
Intestinal phase:
—— 1. Nervous mechanisms
2. Hormonal mechanisms
Small bowel

3

Figure 64-7

Phases of gastric secretion and their regulation.

Guyton et Hall Medical Physiology =~ 398
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Systeme digestif Régulation de la sécrétion pancréatique

HCl = sécrétine

Graisses +
Ac. aminés
- CCK

Acid from stomach
releases secretin from
wall of duodenum;
fats and amino acids
cause release of

cholecystokinin Common
bile duct
1 Vagal
stimulation

. releases
/ enzymes
: into acini

Secretin causes
copious secretion
of pancreatic fluid
and bicarbonate;
cholecystokinin
causes secretion
of enzymes

Secretin and
cholecystokinin
absorbed into
blood stream

Figure 64-10

Regulation of pancreatic secretion.

sécrétine - HCO;

CCK = enzymes digestion
- trypsinogene

- amylase

- lipase

Guyton et Hall Medical Physiology 399



5 Régulation

Systeme digestif Régulation de la sécrétion biliaire

4
2 1 Vagal stimulation C f gall
auses of gallstones:
Secretin via Bile acids via blood causes weak ; i abso
blood stream stimulate parenchymal contraction of Fa e cepalique L ;rrg%rgﬁech Lnclf il
stimulates secretion gelliadder 2. Too much absorption of bile
liver ductal Stomach e mEe

secretion
3. Too much cholesterol in bile

4. Inflammation of epithelium

Course followed by bile:
1. During rest
2. During digestion

Common bile duct
Sphincter of Oddi

Bile stored and
concentrated up g :
to 15 times in Pa\ncreas Papilla of Vater Pancreatic duct

gallbladder

hi f
3 Sp g\é:a?r 4 Duodenum
Table 64-2
Cholecystokinin via blood stream causes: i g
1. Gallbladder contraction Composition of Bile
2. Relaxation of sphincter of Oddi
Liver Bile Gallbladder Bile Formation of ga"stonesl
5 Water 97.5 g/dl 92 g/dl
. Bile salts 1.1 gdl 6 g/dl
Phase gastrique Bilirubin 0.04 g/dl 0.3 g/l
Cholesterol 0.1 g/dl 0.3 to 0.9 g/dl
Fatty acids 0.12 g/d1 0.3 to 1.2 g/dl
Lecithin 0.04 g/dl 0.3 g/dl
Na* 145.04 mEg/L 130 mEq/L
K 5mEq/L 12mEq/L
2 i ﬁ;ﬁ ~ mft Guyton et Hall Medical Physiology ~ 400

HCO; 28 mEq/L 10 mEq/L




Régulation

Systeme digestif Régulation neuro-endocrine de la sécrétion digestive

Sécrétine: { HCl
MHCO5

CCK: L HCl
Menzymes
Mvidange bile

Gallbladder

‘Q
. +*
~. ‘ﬂ
~ -
L .

Copyright © 2008 Pearson Education, Inc., publishing as Pearson Benjamin Cummings.

Stomach

Pancreas
Key
0 Stimulation
Q Inhibition

Gastrine: TNHCI
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Systeme digestif Meécanismes généraux de la digestion

None .
Glucose
Luminal hydrolysis of ~ ©-0-8-0-0 —»a'e
polymer to monomers Protein Amino a)eitb
(AA
. & 4
Sucrose
Brush-border hydrolysis &
of oligomer to monomer Glucose
<
Fructose <
Intracellular hydrolysis *-0-0
Peptide
Luminal hydrolysis Glycerol
lntraooltzr resynthesis g §
Triglyceride
Fatty acids  ((_

Copyright © 2002, Elsevier Science (USA). All rights reserved.
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Systeme digestif Meécanismes généraux de la digestion

Les sites de I’absorption des nutriments

A CARBOHYDRATES, PROTEINS
AND LIPIDS B CALCIUM, IRON AND FOLATE

- Duodenum - Duodenum

Carbo-

hydrates Jejunum Calcium

proteins le

lipids ikt 4= Calcium
s High absorption
=) Moderate absorption

C BILE ACIDS D COBALAMIN ==p |ow absorption
— Very low absorption
-
. Duodenum
Bile “Jejunum

ids
= — lleum Cobalamin s=p — lleum

Copyright © 2002, Elscvier Science (USA). Al rights rescrved, 403



5 Régulation

Systeme digestif Digestion des précurseurs des sucres et leur absorption

Les hydrates de carbone dans notre alimentation

+ 5-10% Monosaccharides => directement absorbables frucfose, glucose

» 30-40% Oligosaccharides => nécessitent la digestion sucrose, maltose

» 45-60% Polysaccharides => nécessitent la digestion amidon, amvlose a-1,4. a-1,6
 var. Fibres 1,4 => non digestes (éventuellement par bactéries)

Salivary glands Pancreas

A CARBOHYDRATES, PROTEINS
AND LIPIDS

Stomach

Gall bladder

Carbo- —~Duodenum
hydrates, ~Jejunum : :
pmi‘s. Sublingual . Pancreatic duct T~ 1
Submaxillary
w —h lleum Gland Gland Duodenum Pancreas
Secretion of: Secretion of:

mucus: lubrication and binding of masticated bolus Endocrine hormones that regulate blood glucose

levels: Insuline, Glucagon

electrolytes: solubilize dry food: tasted

- Exocrine bicarbonate that neutralises acid
o-amylase: initiates starch digestion chyme coming from stomach
factors protecting against bacteria and caries enzymes that break down digestible

foods: trypsinogen, amylase, lipase
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5 Régulation

Systeme digestif Digestion des sucres dans 'intestin gréle

A DIGESTION OF STARCH IN LUMEN B DIGESTION OF OUGOSACCHARIDES AT BRUSH BORDER
Lumen
o Nny »
Amylose | t 1 Amylopectin l
OBVl (| o

Itttdeiar: WRPR/NPA
A
Terminal | [Adjacent «-1,6 linkage Adjacent Terminal
a-1,4 link | [@-1,4 link (branching) a-1,4 link o-1,4 link
H—I I\ /

SGLT1
Sodium glucose
co-transporter 1

Cannot be cut Cannot be cut
by amylase by amylase

r ]

bbb  PPpesn

Maltotrioso o-Limit dextrins
VoV )
Maltose
GLUTS
C ABSORPTION OF MONOSACCHARIDES Fructose

transporter 5

GLUT2

Glucose/Fructose/
Galactose
transporter 2
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Systeme digestif Absorption des acides aminés et des petits peptides

A CARBOHYDRATES, PROTEINS
AND LIPIDS

- Duodenum

4 absorption pathways

proteins
buminal
proteases
peptides
buminal brush border luminal luminal
proteases proteases proteases proteases

oligopetides oligopeptidee+
= _5 = _5

hydrates, - Jejunum
proteins,  — l
70-100gr/j

10 - 15% colts énergétiques pour l'apport

+ 30-50 gr de protéines endogéenes

absorption absorption abso;tion endocytose %

O e
intracelluiar transcelluiar
di-, tripeptidase transport

a.a a.a @ exocytosi

a.a
YO INAY
interstitial space

Les protéases luminales sont sécrétées en tant que proenzymes * neonatal period

Estomac : Pepsinogéne ->pH < 2.0 ~> pepsine

Pancréas: Trypsinogéne
Chymotrypsinogéne
Proélastase

— entéropeptidase + trypsine — trypsine (antitryspine présente dans le pancréas)
— trypsine — chymotrypsine
— trypsine — €élastase 206

Procarboxypeptidase Aet B — uypsine — carboxypeptidase A et B



5 Régulation

Systeme digestif Absorption des acides aminés et des petits peptides

Pepsine  Gastric and |
Trypsine  pancreatic
_peptidases |

Proteins

Copyright © 2002, Elsevier Science (USA). Al rights reserved.
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5 Régulation

Systeme digestif Absorption des acides aminés et des petits peptides

Copyright © 2002, Elsevier Science (USA). Al rights reserved.
Peyer’s patches >
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Systeme digestif Absorption des acides aminés et des petits peptides

B “KINETIC ADVANTAGE"
A OLIGOPEPTIDE ABSORPTION OF PEPTIDE ABSORPTION

N

Copyright © 2002, Elsevier Science (USA). All rights reserved,
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Systeme digestif Absorption des acides aminés et petits peptides

A HARTNUP DISEASE Exemple
L-Phenylalanine —-» B
L-Arginine or cysteine -
e ;—Amino acid

L-Phenylalanyl- transporter N
L-Leucine Oligopeptide -
L-Arginyl- 3 cotransporter .
L-Leucine 7,

) Normal subjects

H Hartnup disease
Amino
acid
absorption

Substrate{ L-Phe L-Arg L-Phenylalanyl-
L-Leucine

Copyright © 2002, Elsevier Science (USA). All rights reserved.

Figure 1 : calcul de cystine pure

Régulation

B CYSTINURIA
L-Alanine R

~ ——Amino acld
L-Arginineg ——&—» transporter
L-Phenylalanyl- R
L-Leucine Oligopeptide -
L-Arginyl- cotransporter .
L-Leucine i,

© Normal subjects

Cystinuric patients
Amino
acid
absorption

L-Ala L-Arg

L-Arginyl-

L-Leucine



Régulation

Systeme digestif Absorption des corps gras

A CARBOHYDRATES, PROTEINS
AND LIPIDS

Carbo- |
hydrates,

"~ Duodenum
~Jejunum

proteins,

=54 — lleum

Veine
jugulaire
inteérne

Velne
sous-claviaire

Canal
thoracique

Cisterna
chyli

Trone

lymphatique
intestinal

Troncs

lymphatiques
lombaires
ascendants

Chaines
lllaques

Chaines
inguinales
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Introduction

Structure

Fonction

Régulation  Conclusion

Systéeme digestif Structure générale des lipides

I&m € TRIGLYCERIDE

G ol

F PHOSPHATIDYL Otm

iy

]J

i

Y

Copyright © 2002, Elsevier Science (USA). All rigius reserved.

i

..i..

T

140 g de graisses/ jour

90 % sont des triglycérides [C]
5 % sont des phospholipides [F; G]
0.6% est du cholestérol estérifié [I]

AG Saturés/insaturés > graisses animales
< graisses végétales

Liaison saturée: nombre max de liaison simple —H
Liaison insaturée: double liaison =
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Systeme digestif Effets des sels biliaires sur la composition des lobules lipidiques

Adsorption of
billary bpids
and lipases SURFACE LIPIDS
\ Fatty acid soaps
Monoglycerides

e Les lipases linguales et gastriques initient la
digestion des lipides

e La lipase pancréatique, la colipase, la lipase
lactée, la phospholipase A, aidées par les sels
biliaires complétent I'hydrolyse dans le
duodénum et le jéjunum. Ces enzymes sont
sécrétées par le pancréas comme pro enzyme.

e Les lipides déclenchent le relaichement de sels
biliaires de la vésicule biliaire en atteignant le
duodénum par I'intermédiaire de la CCK
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Systeme digestif Organisation moléculaire de I'absorption des lipides

MICROVILLI OF

:

ACID MICROCLIMATE
DISEQUILIBRIUM ZONE
_— A

N~ 7 e

A
L
K
A
L
|

N
E

ﬁvv\/\/\/\/v\/,ﬁ—i'—i Mt §§§1
BoAaAAaAAa~n~ng i
-

Capture: I'acidification titre les lipides les rendant neutres
=> diffusion facilitée
=> facilite I'incorporation membranaire
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Systeme digestif Organisation générale de I'absorption des lipides
Formation des chylomicrons et VLDL

Long-chain fatty acids and other
products of lipid digestion are | | Fat droplets form in the
converted back to triglycerides, || cisternae of the SER.
ipids and esters of 3
cholesterol in the SER. Apoproteins are synthesized in the RER 8
and then transferred to the SER, where the | | Glycerol, short-chain,
apoproteins assoclate with lipid droplets. | | and medium-chain
~~ fatty acids pass
€/ \_ SR and enter blood
Mixed micelle £ 4 4,%’ \b $ __- Lymphatic capillary
Protein et (lacteal)
7 . -
) ﬂ Chylomicron Chylomicrons and
i (-~ ) Blood Wi e
Unstirred water layer ‘ - R
— —
Vesicles carrying ‘
Nascent chylomicrons and VLDLs arrive - -
at the cis face of the Golgi apparatus. Here, %mmwmm vesicles fuse with the
apoproteins are glycosylated. basolateral membrane,
the trans-Golgi chylomicrons or VLDLs.
and move
to the basolateral
membrane in
mmpmtvaeddm

Copyright © 2002, Elsevier Sclence (USA). All righs reserved.
RER: rough endoplasmic reticulum; SER: smooth endoplasmic reticulum
VLDL: very-low-density lipoprotein
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Régulation

Systéme digestif Absorption de I’H,0O et du Na* dans le tube digestif

Principes généraux

1) L'eau est réabsorbée par un transport isomotique et entierement par diffusion
2) Le Na* est transporté activement

30 gr/jour de Na*sont sécrétés par le tube digestif

5-8 gr/jour sont présents dans la nourriture

=> pour garder I'équilibre le tube digestif doit en réabsorber 25-35 gr/jour

=> régulation comme dans les reins avec l'aldostérone qui stimule la capture de

Na* => colon
H,0

~€
Na e e H,0
"
La diarrhée peut provoquer / He‘i Aetve ransport
d’importantes pertes de Na* en Oamcss’ 0| &%:E;/-L;-'-‘-‘S-'"-“--- Na (142 mEq/L)
\

quelques heures!!! H,0 < _f ____________ H,0

Na< * e e o H,0

Il | L

potentiellement morte

Figure 65-8

Absorption of sodium through the intestinal epithelium. Note also 416
osmotic absorption of water—that is, water “follows” sodium
through the epithelial membrane.
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Systeme digestif Régulation de I'absorption du Ca** par le duodénum

Ca** Messager intracellulaire
par. ex. contraction musculaire

B CALCIUM, IRON AND FOLATE

Calcium ¢

forme active de la vitamine D (1,25 dihydroxy vitamine D)
417



5 Régulation

Systeme digestif Régulation de I'absorption du Fe**

Dcytb reduces non- Dcytb: ferric reductase D cytochrome b Déficit: anémie ferriprive
heme Fe3* to Fe?*, . .
microcytaire

Fe3*: ferrique

Fe2+: ferreux

eme
oxygenase

Stock:

Heme Fe?* enters by Heme oxygenase || Fe?* transfers to | | Fe?* leaves the cell via )
unknown mechanisms. oxidizes the Fe?* || mobilferrin. ferroportin (FP1) and - foie

m in heme, and then after h(;phaestin oxidizes | - rate

3+ : + 4 :
HCP-1 Heme carrier protein 1 | eleases Fe™®. it to Fe™, theironbinds | _ 016 osseuse
to transferrin in plasma. i
n - ferritine
10-15 mg/jour aliments [10% ingéré->absorbé] DMT= divalent metal transporter 1
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Systeme digestif Capture de I'acide folique dans l'intestin

FOLATE ABSORPTION . Folate: Vit. B9
Facteur important pour la
pto(elu),,| synthese de thymine et de

purine” de '/ADN “Adénine-Guanine
e 200ug / jour

¢ affecte initialement les cellules a taux

PteGlul rapide de renouvellement: moelle
L osseuse
PteGlu1 L. . .
— anémie mégaloblastique

NE-methyl-THF

Sources: foie, végétaux

B CALCIUM, IRON AND FOLATE
Calcium M)

Brush border
PteGlu carrier

Lumen of jejunum

Pte(Glu)n = pteroylpolyglutamates
PteGlul = pteroylglutamic acid

A MEDICINAL FOLATE (PteGlu1) B FOOD FOLATE (PteGlu7)

HN. N N

= | Ncu HN. /N Ny
CH
= /)\ Y
X N7 Vem, o (527 N | /J\
HO " I N CHj o coo- o
€ —N—C—CH,—CHy— Coo" o | ﬂ | !
Pteridine | H i‘._cl_c“’_c“’_ o
H

LZ—

‘p-AmInobenzoate Glutamate Parcyiolypiutamate 419

:
1<
H



5 Régulation

Systeme digestif Absorption de la vitamine B12

C COBALAMIN HANDLING BY THE STOMACH AND PROXIMAL SMALL INTESTINE Déficit: anémie pernicieuse

Vit. B12

Sécrétine: HCO;
CCK: protéases

Copyright © 2002, Elsevier Science (USA). All rigts reserved.

intrinsic factor (IF). cobalamin (CBL). transcobalamin Il (TCII)

mégaloblastique

Vitamine hydrosoluble
- cycle Krebs

-> synthése purines

- myéline du SNC

- synthése GR
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Systeme digestif Transport dans les hépatocytes

HEPATOCYTE

canaliculus

__ 5 ———|Chemical
modification |

Sinu"soid
endothelium

Bile salts
Cholesterol

Bilirubin

P
ol / |

Carbonic
OH- | anhydrase

.‘J @ Phospholipids

A, Les hépatocytes traitent les composés en 4 étapes:

(1)

(2)
(3)
(4)

extraction du sang au travers de la membrane basolatérale
(i.e., sinusoidale);

transport intracellulaire;
contréle la modification ou dégradation chimique

exporte dans la bile au travers de la membrane apicale (i.e.,
canaliculaire).

B, Les hépatocytes ont une gamme compléte de
transporteurs pour maintenir

une faible [Na*],

une haute [K*]i,

une faible [Ca?*]..

De nombreux canaux déterminent le voltage de membrane

Divers transporteurs acide-base régulent le pH intracellulaire

Boron&Boulpaep Medical Physiology 421
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Systeme digestif Protéines en circulation d’origine hépatique

Major Plasma Proteins

Factors Involved in Hemostasis/Fibrinolysis
Albumin

Coaﬁulation: fibrinogen and all others except for faci :

a,-Fetoprotein

Inhibitors of coagulation: a,-antitrypsin and antithrombin

Hlasrma fibronsclin (an o, glycoprofsin) Ill, a,-macroglobulin, protein S, protein C

C-reactive protein Fibrinolysis: plasminogen

73

a,-Microglobulin

Inhibitors of fibrinolysis: a,-antiplasmin

Various other globulins r Complement C3

Carriage Proteins (“Binding Proteins”) | Prohormones
Ceruloplasmin (p. 1001) q

Corticosteroid-binding globulin (CBG, aka transcortl
1053)

Angiotensinogen (p. 1059)

Apolipoproteins

GH-binding protein (low affinity form) Apo A-l
Haptoglobin

- Apo A-ll
Hemopexin

s ; Apo A-IV

IGF-binding proteins (p. 1029)
Retinol-binding protein (p. 1001) Apo B-100
Sex hormone—binding globulin (SHBG; p. 1156) Apo C-li
Thyroid-binding globulin (TBG; p. 1038) Apo D
JTransferrin Apo E

Transthyretin (p. 1038)

GH, growth hormone; IGF, insulin-like growth factor; TBG, )"‘
Vitamin D—binding protein (p. 1096)

roxine-binding globulin.
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Systeme digestif Meétabolisme du glucose et régulation hormonale
Gestion par le foie

Insuline: induit I’hypoglycémie

+ Glucagon favorise le métabolisme du glucose
+ Adrenaline
- Insulin
GLUT2 GK Glycogen breakdown
Glucose 4~ Glucose V\-—‘ G 6-P .<.-.________-_-_" Glycogen
G-6-Pase 4 3 "~ Glycogen syntfiesis
& ' 1 ~-..~~|+ Insulin I
Cortisoi + [1 Y+ Insulin] “~.2
:'nsﬁﬁn- e A N e
L}
Gluconeogenesis 1 ,0‘9};5{,%

Lactate

........................

PoH § Eiiing .

Acetyl-CoA Mftochor]dria{;
Lipogenesis } o5 matrix

' o
5 Rl [l
ol 1 TCA cycle

Fatty & ¥
acids p= CO, ..

Cholesterol ™"~

Ribose 5-P,

Glucagon: favorise I’hyperglycémie
permet la synthese de glucose

R
»
-
K
.
-
-
o

Dashed arrows in pathways indicate multiple enzymatic steps. | he dotted shape 1s the mi-
tochondrial membrane. GLUT2, hepatic glucose transporter (see Box 2.2); G 6-P, glucose
6-phosphate; GK, glucokinase; G-6-Pase, glucose-6-phosphatase; LDH, lactate dehy-
drogenase; PDH, pyruvate dehydrogenase; Ribose 5-P, ribose 5-phosphate; TCA cycle,
tricarboxylic acid (Krebs) cycle. A ‘plus’ sign indicates stimulation, a ‘minus’ sign inhibition.
Note that the pathway for gluconeogenesis is over-simplifed {see Box 4.2), and no detail of
the pathways of fatty acid and cholesterol synthesis is shown (see Box 4.3).

METABOLIC REGULATION - A Human Perspective, KN, Frayn 423
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Systeme digestif Métabolisme du glucose dans le foie

Glucose
,L@urz
Glucose
_ Longer-term:
- Insulin
Glycogen @™ G 6-P
g Insulin increases
I@m F 2,6P2; stimulates
. PFK
82 F 6-P BFE F 2,6-Po
: ey -
S PFK don 2/ S
S Fartr<—" E4agimii 1S
E’- of FBP relieved 8
o _——=——F 1,6-P2 8
ad ) ®
, S Glycerol 3-P ‘f/yc— k |3
/ £ W D
',’ Glyc 3-P g DHAP &
‘\ E i _——| + Insulin
\ : yd + Cortisol
\ v / + Glucagon
\ v ]
\\A PEP v"‘.----- ------- LT ..,.... CytOSO/
} ox PEPCK Oxaloacetate ",_
a1 o e
Pyruvate 4————-" Pyruvate o

B

LDH

METABOLIC REGULATION - A Human Perspective, KN, Frayn 424



5 Régulation

Systeme digestif Régulation hormonale: synthése/dégradation du glycogene

Glucagon: favorise la synthese I Glucagon, adrenaline I Insuline: favorise la synthese
de glucose du glycogene
CA¢MP
PKA
h lase b
Pl Gly phosphory Protein
Phosph Phosph phosphatase-1G
kinase b kinase a & <= Glucose
Gly phosphorylase a ( )
Glycogen, Glycogen,, + G 1-P <> G6-P
/
phospho glycogéne synthase kinase 3 UDP-gluc UDP-gluc: Uridine diphosphate glucose
Gly synthase
glycogene synthase kinase 3 GSK-3-P GSK-3 Protein
(inactive) (active) phosphatase-1G
PKB Gly synthase b

via PI3 Kinase

METABOLIC REGULATION - A Human Perspective, KN, Frayn 425
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Systeme digestif Métabolisme des acides gras dans le foie

Fatty acid CoASH Glycerol 3-P
transporter Trl al i
: . \ A N ... Triacylglycero
Fatty acids Fatty AaCIds 2SS Fatty.acyl CoA > Phospholipids
A s i cPT
Lipogenesis // ..~" """"""" .
fiomins); " p-oxidation 1
Malonyl-CoA i 2 e :
ACC Co, Ketone  : Insuline: favorise la lipogenése
GLUT2 (o'o M S bodies: &2 bodies P8
Gluc == Demmmmmn - i i
ose » Acetyl-CoA Glucagon: favorise I'oxydation

(via PDH in mitochondrion)

des lipides (lipolyse)

Fatty acids cross the hepatocyte
membrane mainly by a carrier-mediated process (see Table 2.4). Inside the liver cell they
are fransported through the cytosol by binding to specific fatty acid binding proteins, and
activated by esterification fo coenzyme-A (CoASH) by the enzyme acyl-CoA synthase (ACS).
In order fo enter the mitochondrion (dotted box) for oxidation in the tricarboxylic acid cycle
(TCA cycle), fatty acyl-CoA esters are converted to acyl-carnitine derivatives by the action
of carnifine-palmitoyl transferase-1 (CPT-1) (further details on Fig. 4.4). This enzyme is
inhibited by malonyl-CoA, an intermediate in the pathway of de novo lipogenesis. Insulin
inhibits'fatty acid oxidation by (1) increasing the concentration of malonyl-CoA via activa-
tion of acetyl-CoA carboxylase (ACC) and (2) stimulating fatty acid esterification to form
triacylglycerol. Glucagon increases fatty acid oxidation, possibly by a direct effect on CPT-
1. Note that acetyl-CoA formation from glucose is over-simplified: see Fig. 4.5 for further
details. PDH, pyruvate dehydrogenacse.

METABOLIC REGULATION - A Human Perspective, KN, Frayn 426
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Systeme digestif Formation de corps cétoniques depuis I'acétyl-CoA (cétogenese)

96 Organs and Tissues

B -Oxidation Cétogenese: déclenchée par le

\ jeGne prolongé; apres épuisement
Oxaloacetate A idi Aj
2 Acetyl-CoA des réserves glucidiques et protéiques
Acetyl-CoA \kitrate synthase

acelyltransferase

Acetoacetyl-CoA  Citrate \-,-(iA cycle

HMG-CoA synthase
Acetyl-CoA/\l Y CO,
HMG-CoA

i HMG-CoA lyase

Acetone 7— Acetoacetate ﬁ&Hydt@xbeyﬁ;&
CO, NADH NAD*

This is all located within the mitochondrion. Acetyl-CoA is produced from B-oxidation of fatty
acids. It may enter the tricarboxylic acid cycle (TCA cycle) or it may enter the ketogenesis
pathway. For the latter, two molecules of acetyl-CoA condense to form acetoacetyl-CoA. A
third is added to form 3-hydroxy-3-methylglutaryl-CoA (HMG-CoA) in a reaction catalysed
by HMG-CoA synthase. This is split to release acefoacetate (a ketone body) and acetyl-CoA.
The other major ketone body, 3-hydroxybutyrate, is formed by reduction of acetoacetate. A
minor one, acefone, is formed by non-enzymatic breakdown of acetoacetate. The ketone
bodies cannot be re-utilised in the liver and are exported into the bloodstream. The major
regulation appears to be the delivery of fotty acids to the mitochondrion for oxidation.
Beyond that, the availability of oxaloacetate may limit entry of acetyl-CoA into the TCA
cycle. HMG-CoA synthase is also regulated by covalent modification (succinylation) by suc-
cinyl-CoA, a TCA cycle intermediate. Succinyl-CoA competes with acetyl-CoA and can be
displaced when acetyl-CoA concentration is high. Glucagon lowers succinyl-CoA concen-
tration and so stimulates ketogenesis. See Further Reading for more details.
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Régulation

Systeme digestif Métabolisme des acides aminés et production d’urée

@fAmhoadd

Owooolot ‘ 7 < u—'NHzl [l METABOLIZED ﬂ
!UMW
a.-klln A acelyl CoA
~{> Acetyl CoA
'Carbamoyl-P| aod o,
. keto- \ Pyruvate
Arginine| [Omisas| 20+ Q@ dwuhm [ Citric acid cycle
Fumarate| 4\( 'UREA CYCLE | @ CHCO; | S
cit
Argininosuccinate| R ey T2 N

[NHZ ]
QO Po, [ AspartatelNH,)| () NADH +()  NAD' + iy HO

Copyright © 2002, Elsevier Science (USA). All rights reserved.

When a hepatocyte takes up an amino acid, it either must use it immediately in protein
synthesis or deaminate it. The deamination reaction transfers the amino group of the amino
acid to ketoglutarate, yielding glutamate and the corresponding keto acid. Depending on the
backbone of the keto acid, it may be metabolized into acetoacetyl CoA, acetyl CoA, pyruvate,
or a variety of citric acid cycle intermediates. The NH,* that results from the regeneration of
the -ketoglutarate is consumed in the urea cycle. The other amino group of the urea is derived
from the amino group of aspartate. The C = O moiety of urea is derived from CO,. The liver
then exports the urea, which exits the hepatocyte via AQP9,"aquaporin” 9. CoA, coenzyme A.
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ls

CETP, cholesteryl ester transfer protein; Chol-E, cholesteryl ester; FFA, free fatty acid; HDL, high-density lipoprotein;
IDL, intermediate-density lipoprotein; LCAT, lecithin-cholesterol acyltransferase; LDL, low-density lipoprotein; LPL,

lipoprotein lipase; PL, phospholipides; VLDL, very-low-density lipoprotein. Boron&Boulpaep Medical Physiology 430
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e La synthese du cholestérol se fait dans le cytoplasme

des cellules du foie et de |'intestin principalement.

e || existe trois niveaux de régulation du cholestérol, le

but étant de diminuer le taux de cholestérol de la
cellule quand il est en exces :

a) Le cholestérol libre dans la cellule inhibe la production
de ses propres récepteurs membranaires LDLR. Pour ce
faire, il inhibe la transcription du géene qui code les LDLR.
Par conséquent, le flux entrant de cholestérol dans la
cellule est diminué.

b) Le cholestérol libre inhibe la HMG-coA réductase, ce
qui empéche la poursuite de la réaction de synthéese du
cholestérol.

c) Enfin, le cholestérol libre stimule 'acyl transférase
(ACAT), enzyme catalysant son estérification en stéride.
Ceci favorise le stockage du cholestérol libre.

e Un équilibre est trouvé avec la synthese des acides
biliaires et I'’évacuation ainsi du cholestérol

ACAT: Acétyl-CoA acyl transférase
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The liver converts cholesterol to the "primary bile acids"-cholic acid and chenodeoxycholic acid-in a series of
14 reactions occurring in four different cellular organelles. The first reaction is the 7 hydroxylation of
cholesterol. In addition, the action of bacteria in the terminal ileum and colon may dehydroxylate bile acids,
yielding the "secondary bile acids" deoxycholic acid and lithocholic acid. The hepatocytes conjugate most of
the primary bile acids to small molecules such as glycine and taurine (not shown) before secreting them
into the bile. In addition, those secondary bile acids that return to the liver via the enterohepatic circulation
may also be conjugated to glycine or taurine, as shown in the figure. The liver may also conjugate some
primary and secondary bile acids to sulfate or glucuronate (not shown). 432
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The bile acids that the liver delivers to the
duodenum in the bile are primarily
conjugated to taurine or glycine (BA-Z).
The vast majority of bile acids are
reabsorbed as conjugated bile salts (BA-Z)
in the terminal ileum via an Na*-coupled
cotransporter (ASBT). Also in the terminal
ileum and colon, bacteria deconjugate a
small amount of these bile salts to form
unconjugated bile acids (HBA <& H* + BA),
allowing HBA to be passively absorbed by
nonionic diffusion. Bacteria in the
terminal  ileum and colon also
dehydroxylate primary bile acids to form
secondary bile acids (see next Fig.). Some
of these are passively absorbed, and the
rest are excreted in the feces. The
absorbed bile acids return to the liver via
the portal blood and are then taken up
into the hepatocyte for resecretion.
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HEPATOCYTE SECRETION OF BILE ACIDS AND SALTS
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Bile acids can enter the hepatocyte in any of several forms: the unconjugated salt (BA); the neutral, protonated
bile acid (HBA); the bile salt conjugated to taurine or glycine (BA-Z, where Z represents taurine or glycine). The
three pathways for bile acid entry across the basolateral membrane are the Na*-driven transporter NTCP, which
prefers BA-Z, but also carries BA; nonionic diffusion of HBA; and the anion exchanger OATP-1. Binding proteins (BP)
may ferry conjugated bile acids across the cytoplasm. Some bile acids are conjugated to sulfate or glucuronate (Y);
these exit the cell across the canalicular membrane via the MRP2 transporter. Most bile acids are conjugated to
glycine or taurine (Z) prior to their extrusion into the bile via BSEP, an ATP-driven member of the ABC class of

proteins. BSEP, bile salt export pump;, OATP, organic anion transport protein;, MRP2, multidrug resistance-
associated protein2, Na+-taurocholate transporting protein (NTPC) Boron&Boulpaep Medical Physiology 434
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meétabolisme des xénobiotiques au niveau cellulaire
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The hepatocyte detoxifies compounds by chemically linking ("conjugating") them to small
molecules, such as GSH (glutathione), which is a tripeptide. The first step is for glutathione-S-
transferase to couple the target compound (R) to the S on the cysteine residue of GSH. After MRP2
transports this GSH conjugate into the canalicular lumen; a y-glutamyl transpeptidase may remove
the terminal glutamate residue. Alternatively, the conjugate may reach the blood and be filtered by
the kidney where a y-glutamyl transpeptidase at the brush border and a dipeptidase generate a
cysteine derivative of R. Acetylation yields the mercapturic acid derivative, which appears in the

urine. MRP2, multidrug resistance-associated protein 2.
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B BILIAUBIN SECRETION A Les macrophages phagocytosent les globules

Sf.tmmb'm;:':m rouges sénescents et dégradent I'héme en

bilirubine, qui transite dans le sang, liée a

I'alboumine, vers le foie. La conversion en

urobilinogen incolore se produit dans l'iléon

terminal et le colon, ou l'oxydation en urobiline
jaune a lieu dans les urines.
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B 'hépatocyte capture la bilirubine a travers la
membrane basolatérale par trois mécanismes
Mesiyte et conjuge ensuite la bilirubine avec un ou deux
résidus d’acide glucuronique. La cellule exporte
alors cette forme conjugée de bilirubine dans la
bile. Apres avoir été sécrété dans la bile, une

\Gallbladdar

= Bilrubin- partie de la bilirubine glucuronide est
QIB‘:‘bd reconvertie en bilirubine par des bactéries dans
SR s dans l'iléon terminal et le colon. Cette bilirubine

est ensuite convertie en urobilinogene incolore.

Kioney_ ‘ S’il persiste dans le colon, le composé est

\ ultérieurement converti en stercobiline, qui est

le colorant principal des feces. Si l'urobilinogene
rejoint le plasma et est filtré par les reins, il est
e converti en urobiline et donne a l'urine sa
Urobiin couleur jaune caractéristique.

\'

Urobilin in urine
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Conclusion

Systeme digestif

Utilisation optimale des aliments

Extraction de: Hydrates carbone, Acides aminés, Acides gras
Gestion d’H,0, Vitamines, Minéraux

Contréle et régulation du pH sanguin (H*, HCO;)
Organisation linéaire multi-organes

Régulation locale et centrale

Controlé par Systeme nerveux central et autonome et par systeme hormonal



