1kg-2.5kg

liver is the largest gland in the body (1.5 Kg), essential for

u
life.
liver lobules (s 5L liver J! two layer i layer (i

The functional unit is the (hepatocytes around
a central vein separated by blood sinusoids).

The sinusoids are wide fenestrated, contain large Kupffer

cells. iter celis (phagocytic cell) ;s 8)lss

Hepatic vascular system:

- 6L GIS CO Jl ‘9-' 27%-30% Cardiac output

® 1.5 L/minute (27% of CO ) , 1L from portal vein, 500ml

= nutrients J/ «nutrients and toxic materials (Lsls as
fl'O m h epatl C a rte l'y. 4aa 3o Fat JI 4Y (glucose 9 amino acids /il
Fat (medium 9 o499 Lacteals JI 31,k (s £ 92
H - - [ [ iy ol chain trigl id
= Rich lymphatic drainage. PR s g

9 portal vein blood 70% J Mix Lgad saas liver sinusoids J/ -
hepatic artery 30%
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(a) Overview of histological components of liver (b) Details of histological components of liver

Figure 24.15ab Tortora - PAP 12/e
Copyright © John Wiley and Sons, Inc. All rights reserved.

John Wiley & Sons, Inc.




Interlobular veins
(to hepatic vein)

Bile duct

Portal arteriole | portal triad
— Portal venule

Central vein
- Sinusoids

— Fenestrated lining
(endothelial cells)
of sinusoids

/— Bile canaliculi

|
Portal triad

in sinusoid
walis

Bile in bile
canaliculus flows
into bile duct




Sinusoicd

Septal branch
Kupffer cell

Hepatic
MTery
beanch

"l)' 4 o.'
vean
branch

Bile
canalicubus

Sinusaidal lumen Space of Disse
Hile Kupfier

i:onak uli cell |

Stellate Fodothelial cell "D nrciritic

cell with fenestrac ceil




Two sources

m Hepatic artery - oxygenated
blood from aorta.

m Hepatic portal vein -
deoxygenated blood:

1 Absorbed nutrients and toxins
from the stomach and
intestines.

1 Hormones from the pancreas. i

1 Breakdown products of RBCs
from the spleen.

Blood mixes in the sinusoids

Hepatocytes (liver cells) modify

and exchange molecules with
the blood.




Vascular Function:

i 10% of total blood volume
450ml.

b 99% of bacteria that enter the
portal blood from the intestine, small blood
clots by are phagocytosed by Kupffer cells
that line hepatic sinusoids.

b by Kupffer

- yldizd platelets JI i yaa aspirin salu salg W cad oldc
ce I Is . nsﬁfo.lpﬁ‘g Ig:y’sﬁlatelets 6 1 0 days 25._;“? aspirin JI &;TJ.S.U Uayd 90 65 plafelets Jli}gsg

Secretory function (Bile formation ):

Synthesis & secretion of bile salts & bile

pigments.




3. Metabolic functions:

. gluconeogenesis,
glycogenolysis ,.
Deamination of amino acids

ketoacids.

- Tocix .
Conversion of ammonia to urea.
Formation of uric acid.

Synthesis of non essential amino acids.
1. Oxidation of fatty acids to supply energyi%ifé'%?;‘gﬁj
2. Synthesis of cholesterol, lipoproteins &
phospholipids.
3. Lipogenesis. — vitmaine D
25 hydroxy-cholecalciferol, plasma

proteins (excepty globulin), clotting factors.
gama globulin



|
254+ yiad vitamine A (U supply <8 liver JI

Glycogen, Vitamin A
( months), D (
months), B12 (
months), Iron as
ferritin.

steroid).

Kupffer
cells.

B12 absorption H agll intrinsic factor JI idg Lels dhane dlild aalg of (o
JI (s absorption aglyaasg B12 JI 2o complex Jaxs intrinsic factor J/)

aalg 819 B12 JI yalds 510 pdaia Lpsass dicy dadsan liver JI (terminal ileum
«complex J/ skl absorption ady (b ya terminal ielum J/g Crohn’s disease
02 LY (s Bics w2y gudp

portd venule
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@ Bile Is an important digestive juice that is
secreted by the liver and stored into the gall
bladder

ni JI (o8 yaas (ol primary

i Imtlal secretlon The liver forms and secretes 600-
1200 melpaBICQJL?Liay by the liver hepatocytes into

the biliary canaliculi rich in bile acids, cholesterol,
lecithin to reach the hepatic duct.

ts JI (o8 s i S|

s Second secretion by hepatic ducts rich in
Na&Hco3 then the bile empties into the duodenum
or through the cystic duct into the gall bladder.

Composition:
Volume: 600-1200 mllday
PH: 7.8- 8.6. mmwsmnine”

duodenum




Liver Bile
Water 97,5 g/dl
Bile salts 1o/l
Bilirubin 0.4 g/d
Cholesterol 0.1 g/dl
Fatty acids 0.12 g/dl

Lecithin 0.4 g/d

Jl.éa catio fbil JA,....
stds-u

conc

: 92 gld ]
6 gl"d

03 g/d
031009 g;‘d
031012 g/d
), ? c.d

Na reabsorption of Na juoa ]-ﬁ_m n_'lEQtL
K* secreation of K yias ﬁ mEq}'

(a" SmEq/L
(l 100 mEg/L

[ mEqlL
12 mEg/L
B mEq/L

23 mEglL

HCO, 8 mEglL

10 mEq/L




water oSLullg %2.5 | gl<iiy
Bile salls
61%

Proteins AT

- " 12%

Bilirubin Cholesterol
ru
e, Fhospholipids g%

= 3%

Source: Nrurol © Expert Rev Proteomics © 2009 Expert Reviews Lid



Constituents:

1-Aqueous constituents( alkaline fluid, 97.5%);

m Secreted by
® H,0, Inorganic salts 0.5% (Na*, K*, Ca %*, Cl-, HCO;").
2-Organic constituents (2.5% ):

m Secreted by

= (Bile salts, bile piaments, fatty acids, cholesterol.
lecithin).

3-Alkaline phosphatase enzymae.sirducts gice 3

(vl aai) liver JI (so aaly bone JI (o gllas aalg duwad das (o8

placenta J/g brain J/ (so | gallas (o89

o dUslio (o8 (o5 by dauns (o8 (odle Alkaline phosphatase JI sais aalg ols -
liver JI (o8 dsdia Ls (bone !




Pancreas

)

Gallbladder

Liver continuously synthesize &secretes bile.
Between meals, sphincter of Oddi is closed so
secreted bile is moved into the gall bladder to be
stored and concentrated.

During meal, bile is secreted from the gall bladder &
[\ g



I pancreatic secreations J/ o8 955 llad o
more alkaline than liver bile jiiss

Neutralization of HCI : Share in HCI neutralization in the
duodenum due to its high bicarbonate content. Its
mucus content protect duodenal mucosa.

& 9i Na JI & bile acids JI
bile salts agawl yras K JI

Digestive function: Bile contains bile acids & salts ,
which are critical for digestion and absorption of fats
and fat-soluble vitamins in the small intestine.

aagll enzymes das (48 (S () gaull A (o8 aslws -

Destruction of the old RBCs

Excretory function: Many waste products
are eliminated from the body by secretion
into bile and elimination in feces.




cholesterol Jass (Sao ya05 ol ol
stones in the gallbladder

Free cholesterol Is not soluble in aqueous
solutions, but in bile, it is made soluble by

= Bile salts are important for cholesterol
homeostasis,

« Hepatic synthesis of bile acids accounts for
the _majority of cholesterol breakdown in the
body. In humans, roughly
are _converted to bile acids and eliminated in
bile every day.




Bile acids (600 mg daily)are synthesized In the
hepatocytes from cholesterol.

Cholesterol is converted into the (primary), bile
acids cholic and chenodeoxycholic acids which
are then conjugated to an amino acid (glycine or
taurine) to yield the conjugated form that is

Na o I ghasiyl ol claa say

actively secreted into canaliculi. ™ ficsis .=k 5

Bile acids contain both hydrophobic (lipid
soluble) and polar (hydrophilic) faces. 2ry bile

absorption

acids deoxychollc , lithocholic acids are formed

Lost in the stool H-'J:‘J‘A; m”::”
by $tool Ji (194 o J93eud! 94 Ly 353

Tertiary(ursodeoxycholic,sulpholithocholic.

pAss (ol (o &y agoniiici
Mld-Li.\uLt.uS] undice



92 bile acids ssadi Lo (5

1. They help fat dlgestlon by decreasmg surface tension of
fat globules (detergent function) to

small droplets.

2. They are essential for absorption of
O 3)lae 9 oJI by forming the Micelles $s-d.s

Fatty aCidS free fatty acid ¢ mono glycerol o oJ/ () g2l
Mon og cherides water soluble i (jLiic bile salts o iblas

Cholesterol.

Other lipids from the intestinal tract. & fat soluble
vitamins (A,D,E, K).

(forming Micelles which are water soluble complexes).If
absent, 40-50% of fats will lost in feces. “oas e

3. They are cholertics .i.e. stimulate bile flow. .. 55ssmes s

4. by stimulating intestinal peristalsis.

9. They are essential for keeping cholesterol dissolved in
bile. cholesterol ol gean jrain digas




Liver Secretion Of Cholesterol And
Gallstone Formation

@ Bile acids are formed in the hepatic cells from
cholesterol in the blood plasma.

@ BS are conjugated in liver by amino acids glycine
and taurine to glycocholic and taurocholic acids.

= Both form salts by binding to Na, K in alkaline bile
@ In the process of secreting the bile salts about

of cholesterol are removed from the
blood plasma and secreted into the bile each day.



Chapter 64 Secretory Functio

Causes of gallstones:

1. Too much absomption of water
from bile

2. Too much absormption of bile
acids from bile
3. Too much cholesterol in bile

4_ Inflammation of epitheliumof the gallbladdér LONES
a9 adi ,

Liver
\ w7 |
AFe© o, \ o . A
Gallbladder ——+ Y 7 Hepatic duct

|

— e s Course followed by bile:
Cystic duct /\*\*\ 1. Dunng rest
| }—2_ During digestion

Stones

¥ - Common bile duct
V4 — Sphincter of Oddi

. I._'f

Papilla of Vater — - ——— Pancreatic duct

Duodenum

Figure 6412

Formation of galistones.




Digestion and Absorption

lﬂfﬂe fat droplets enter
small intestine cfter meal

Bile salts emulsify fats
into smaller particles

Lipase breaks down fat
info fafty acids and
monoglycerides

evenfuolly returns

to gallbladder

o.%lycendos and fatty
s are ab
through villi via micelles
and then re-form into
triglycerides

Fat globule

™

% Emulsification

Nonpolar
region

Fat droplets
coated with
bile salts are
suspended

- in water

/L
N



BULK SOLUTION
OF INTESTINAL
CONTENTS
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