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The pancreas

> Exocrine functions - Digestive enzymes
secreted by the pancreatic Acini

Stores inactive enzymes?proteasesq pases

amylases)
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GIucagon 'StimUlates the stored glycogen in
the liver to convert to glucose. Produced if
the body does not have enough glucose.

- Insulin: made in the beta cells of the Islets
of Langerhans of the pancreas. Insulin is a
hormone that regulates blood glucose.
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Physiologic Anatomy of the Pancreas

e » Two major types of tissues
M e
1) The acini,which secrete digestive 1uncesdnto duodenum

2) The islets of Langerhans, v WhICh secrete insulin and
® glucagon into blOOd (Two antagomstlc hormones)

- 1 to 2 million islets of Langerhans, organized around small
capillaries into which its cells secrete their hormones.

» The islets contain three major types of cells alpha, beta, delta
o 35-2of 1o § & destnorion £
« The beta cells 60 % of all the cells of the islets, lie mainly in

the middle of each islet and secrete insulin and amylin,
« The alpha cells, 25 % of the total, secrete glucagon
» The delia cells, about 10 %, secrete somatostatin.—» “wiec doss

» One other type of cell, the PP cell, is present in small numbers
in the islets and secretes pancreatic polypeptide.
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Physiologic Anatomy of the Pancreas

e Islet of Pancreatic
hof By o « Langerhans acini
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Fig.78.1 Physiolgic anatomy of anislet of Langerhans in the pancreas



Insulin: — incvesse wglave an whe tasedin,
A

- secreted when the blood glucose level is high, which usually occurs just after eating.
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-Insulin stimulates how much glucose is taken by cells &5 s U e s A
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o -In muscle cells the breakdown of glucose supplies energy for protein metabolism e ) Bl
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2 -In fat cells glucose break down supplies glycerol for the formation of fat o, b

'\/55:‘;’ /\—_AS,_-‘)SI ,,.?)g; R~ain 1S5
Frorg= > A=s Qty qlucose A
—>Diabetes is a common hormonal disease where liver cells and all body cells are unable to take up and or
metabolize glucose. ~S A A cr il e Dl s
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Glucagon: (Focting svaied s bglusse in Brod.

- Is secreted from the Pancreas, and this happens usually between meals when the blood glucose level is low.

-Glucogon stimulates the liver to break down glycogen to glucose to use fat and protein in preference to glucose as
an energy source -

- Hypoglycaemia (abnormal low glucose level in blood) «.,( & o)
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OStlmulates glucose uptake by cells
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HISTOLOGY OF PANCREAS
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SECRETION OF PANCREATIC JUICE
* Enzymes are secreted by Acinar cells

* Bicarbonate solution is secreted by Ductal cells

* About 1 liter of pancreatic juice is secreted by the
pancreas per day

* Bicarbonate solution neutralize the acidity

* Enzymes digest proteins, starch and fat
™
* Pancreatic releasgis mediated both by the nervous
system and by the’ hormone CCK
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Pancreatic secretio

* The pancreatic enzymes for digesting proteins are:
* Trypsinogen--makes up most of the enzymes — *°
° . ;«M\M,}e Prid bonel Stogo.. asineadid I pephde N\ yane 2 A
. ghyrgOtkryypsmng@ idaga S (g Spepde S ot 1S5
ro-Carboxypolypeptidase (L acomebic rng 3 0%
N X3 NV -

* Trypsin and chymotrypsin break proteins into peptides (smaller proteins)

WS iohbioy elis  Pancrease @laadiwe 2 ¢3F

* Carboxypolypeptidase breaks peptides into amino acids . wbosyl tecwived @ gzzn s
GVNV\OM'A Sy
* These enzymes are secreted in an inactive form and become active in the
intestinal tract



* Many of the protein-digesting enzymes, such as
aminopeptidase, are secreted by the intestinal
epithelium, but trypsin, chymotrypsin, and
carboxypeptidase are secreted in inactive form by

the pancreas. iy & O Peems 3 dy RIS e
Pavwﬁ-hl—;g W WVfL/IV Qe‘_Jo_zlS’j PVERE ¢Sls 1 P1050 J

* Another intestinal enzyme,

. enteropeptidase; converts
Nruz o 0905

o) CERA inactive trypsinogen into
M ' - - e ——
i active trypsin. —, 1. .=>
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* Active trypsin then
activates the other two.

ymotry 3 Chymotrypsin
Lumen of duodenum ry
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O Ttrypsin is the common activator of all the pancreatic
zymogens i.e activates chymotrypsinogen into chymotrypsin and &

pro-carboxypeptidase into carboxypeptidase and proteases into

elastase. N
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Acute Pancreatitis /P BB ef oo

e |tisimportant these enzymes only become active in the intestinal tract otherwise if
they were secreted in an active form they would digest the pancreas itself.

e They cannot be activated in the pancreas due to the presence of a trypsin inhibitor.

e The enzymes become active when they meet trypsin that is already in the intestinal
tract so if the inhibitor prevents active trypsin until the intestine - then it also
prevents the other proteolytlc enzymes becoming active... . .o, .. o i covmedtedion s @

MRS (ﬂ(rjpsm whibhe ae ZUGL DI L aiss fantreuR@ NPT, U8 OLFM JELs Fe sphimekr 31 Lt nzymc))—t) it foncfease Ji siom CeK Mo (humer
":’A::‘::;J“o When the pancreas becomes damaged or the pancreatlc duct is blocked then large
amounts of pancreatic secretion occurs. The volume of proteolytic enzymes increase

A}
achyakion £ ey SO MUch that there isn't enough inhibitor present.

\*
2> 2= 3 This means the pancreas can start to digest itself. This is called acute pancreatitis
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Pancreatic secretion

The following enzyme breaks down carbohydrates
e Pancreatic amylase PN
e This breaks down carbohydrates to disaccharides and trisaccharides

Fats are broken down by:
e Pancreatic lipase
e This breaks down fat to fatty acids and monoglycerides
e Cholesterol esterase
e This breaks down cholesterol compounds
e Phospholipase
e This splits fatty acids from phospholipids

Triglyceride % Monoglyceride + Two fatty acids
Lo Gl WL QrasphiRids €5 Chelestere| SIS TPV A ol N Ve
Lipase digestion requires the presence of a pancreatic protein co-facter
(colipase). olipse o, Cfoekir o gt as Lipase O <_§

Secreted from pancreas as pro-colipase
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DIGESTION BY PANCREATIC ENZYMES

e Starch digestion
* Remaining starch is digested in intestine by pancreatic amylase
* Digestion same as in the mouth

STARCH > AMYLASE > DISACCHARIDES



Bicarbonate and the pancreas

» Secreted from the epithelial cells of the ducts '
that lead to the acini Ao eazyns 15
¢ Increased secretion of pancreatic enzymes = Rt il
increased secretion of bicarbonate b e
¢ Bicarbonate is made in the cells (very similar to
in the red blood cell
e CO, diffuses into the epithelial cell under
the action of carbonic anhydrase = CO,+H,0

®|®
= carbonic acid (H,CO;)= HCO; + H* ;i ® 1‘_ _n

* Bicarbonate excreted into the lumen of the f@ @
duct
e Leaves high amounts of H* in the cell so Na* ®|®

move into keep pH neutral

e The movement of Na and HCO3 causesan | @
osmotic gradient which causes osmosis of - T4
water into the pancreatic duct oe



1. Water (H,0) and carbon dioxide (CO,) combine under the
influence of carbonic anhydrase (CA) to form carbonic acid
(H,CO,).

2. Carbonic acid dissociates to form hydrogen ions (H*)
and bicarbonate ions (HCO,").

3. The H* are exchanged for sodium ions (Na*) by an antiporter.
Sodium ions are removed by the Na*~K* pump.

4. The HCO," are transported into the intercalated ducts in
exchange for CI”, which return to the lumen by a channel.
Sodium ions and H,0 follow the HCO," into the ducts.

§. The ions and H,O move through the intercalated duct toward the
interlobular duc{
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By Nat duct
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Regulation of pancreatic secretion

Three things stimulate pancreatic secretion
* Acetylcholine - from the enteric nervous system and parasympathetic nerves from the
autonomic nervous system T
e Cholecystokinin - secreted from the duodenum and jejunum mucosa when food enters
the small intestine (lipid, stretch)
e Secretin - secreted from the duodenum and jejunum mucosa when highly acidic food
enters the small intestine

» Acetylcholine and cholecystokinin stimulate the acinar cells > produce digestive enzymes
»Secretin creates large amounts of bicarbonate and water secretion = this helps move the
digestive enzymes from the acinar cells into the ducts.

When these enzymes are secreted together - the effect is much greater than a large
qguantity of just one enzyme (they help one another to cause even more secretion)

Secreted in a cephalic, gastric and intestinal phases like gastric secretion
Pancreatic secretion is greatest during the intestinal phase due to large amounts of secretin



Regulation of pancreatic secretion

Acid from stomach
releases secretin from

wall of duodenum;
fats and amino acids
cause release of
cholecystokinin Common
bile duct
\ }\ Vagal

stimulation
releases
enzymes
into acini

Secretin causes
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Secretin and of pancreatic fluid
cholecystokinin and bicarbonate;
absorbed into cholecystokinin
blood stream causes secretion

of enzymes
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- Bile salts for fat digestion DU
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* Bile salts have polar side chains to allow them to interact with both
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lipids and water, creating water soluble droplets. 5 e '



Functions of the Bile

e The liver secretes bile —s 95> gL o,

Pho 5l e ) I
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Bile secretion

Bile is secreted in 2 stages by the liver

1. Initially it is secreted by liver hepatocytes

This secretion contains large amounts of bile salts and
cholesterol

It is secreted into bile canaliculi (between hepatocyte)

2. In the second stage the bile in the canaliculi empties
into the terminal bile ducts >the common hepatic
duct > common bile duct

From here the bile is secreted directly into the
duodenum or it can be sent to the gallbladder via the
cystic duct for storage until it is needed (when the
sphincter is closed)

As bile moves through the bile ducts the liver secretes a
watery substances full of bicarbonate into the bile.
This substances is secreted from the epithelial cells
that line the ducts and ductules of the liver - this
process is stimulated by secretin

Bile is secreted by the liver, stored in the gall
bladder and ejected into the small intestine

cr a2
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The gallbladder

3. Bile is stored in the gallbladder until needed in

the duodenum

e Asthe bileis in the gallbladder it becomes

ore concentrated)— Lo &, .1

e This is because there is absorption of water and
electrolytes through the gallbladder mucosa

* This is due to active transport \yig g ¢ v e @2
e Active transport is the movement of igp_s (NG)  —= Qe cdle Na' s1dazs)
from a low concentration to a high
concentration across a membrane
e Sodium is moved from the bile into the
gallbladder mucosa via active transport. As it

moves Cl- and water molecules follow (passive) B
Passive Db Hog CIZ ) Jowe
]
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P:\\g FS(eSe
Reabsorption changes the o Waler
composition of the bile igjﬁ;l Bfl_e s?'“’
The bile secreted from the - -~ Bilirubin
gallbladder in the end has high Cholesterol
concentrations of bilirubin, Fatty acids

cholesterol and lecithin

of fatty acids and phospholipids

Liver bile
97.5 g/l
1.1 g/dl
0.04 g/di
0.1 g/dl
0.12 g/di

Lecithin tenesgnetizdd 0,04 g/dl
Lecithin is a fatty substance made Na*

Ko

I\NQLf S AD AL e é_ca"

Sfones e

cr
HCO,

145.04 mEg/L
5 mEgh

5 mEg/L

100 mEg/L
28 mEg/L

Table 5.1: Composition of bile

Gallbladder bile

20 L=
92 g/di

6 g/dl

0.3 g/di
0.310 0.9 g/dl
0.3101.2 g/dl
0.3 g/di

130 mEg/L
12 mEg/L

23 mEg/L

25 mEg/L

10 mEg/L



* Bile Composition;

'Wzater (85%), a-afe Tl rr ol Bled s v &=
v hile ESiAﬁ‘(lO%),(Cholic, chenodeoxycholic, o BN o
deoxycholic, and lithocholic acid) Aedion b o a2 T
' mucus
v pigments (3%), bile pigments e.g @nm Slu
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v fats (1%), such as Phospholipids (lecithin) , cholesterol, FHJ s
* 0.7% inorganic salts.
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Bile salts —cuent s = SYNTHESIS OF BILE ACIDS

® Bile salts are conjugated bile acids with

- . . CHROLESTEROL (C27
either a molecule of glycine or taurine _ 1“41)
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. .. . CH)
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Bile Salts formation | "7 &

4o \gb}nﬂl
kﬁ«%ﬁ@\epmhc_ 5Pl 6iZ whacidy Neiw <«

Y\,(Soﬁ'\\!\-q- 34-9—*\) C_,\,&Moc)‘e.cw\-dce\/\( “QAQ“ N ca\e and J( ‘L._J DY o <
-Veec)bad‘ B
i ek QQ\M\?\\(FQ\J]\QSWP)
becact

HZN/TO j’
iy

HN
Glycine
""OH
H
Wolen COOH

Chenodeoxycholic Acid
wH

Duodenum
pH ~6
o 0 0 Glycochenodeoxycholic Acid
Taurine

e AL KA};J/\ 2
% : ’
Carbordic & Ho" Taurocholic Acid
Yrounp Glycocholic Acid
el pliss
enidied oagenl & 2

Conjugated Bile Acids
U
5 5 a Pgtassium and Sodium Salts of
pK, =74 Sve AGAIC e
— Jonized , moe poion

Conjugated Bile Acids are known as

)
K
Bile Salts . -»,»
d _,:J ,/’ L,

edeC"a-h‘m Y wlos

N
K
Lo



H
Cholic Acid
Lithocholic Acid

Secondary Bile A



\V\\_—\
Cholesterol 7-a-hydroxyl cholesterol

Primary bile acids (bvjbj"k‘) Primary Bile salts
Cholic acid, ) Glycine or taurine
Chenodeoxycholic acid ' conjugated

Secondary Bile acids Secondary Bile salts
Deoxycholic acid MW Glycine or taurine
Lithocholic acid conjugated




Secreted bile salts
consist of 95% old, recycled
bile salts and 5% newly
synthesized bile salts.

E) Reabsorbed bile
salts are recycled by
enterohepatic
circulation.
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Bilirubin Pathway
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Enterohepatic cycle

Bilirubin is created through the breakdown of
red blood cells

Breakdown occurs in the spleen which is full of
macrophages

Haemoglobulin is split to haem and globlin
Heme is broken down then to iron and amino
acids

The iron portion is transported in the blood as
transferrin

Amino acids are broken down into biliverdin
which is broken down further to bilirubin

The bilirubin is secreted from the spleen into
the blood (it is carried by albumin as a
transporter protein molecule)

The bilirubin is absorbed by hepatocytes in the
liver
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* Biliverdin (green pigment) is converted to yellow bilirubin
by biliverdin reductase (with NADPH+H*). These reactions occur in
the reticuloendothelial system (spleen and lymph nodes). Bilirubin
moves into the bloodstream in combination with albumin and then
moves into the liver with the release of albumin
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The Enterohepatic cycle

* Inside the hepatocyte (liver) the bilirubin
and albumin molecule separate

e The bilirubin binds with glucuronic acid to
form conjugated bilirubin (bilirubin

UDP-Glucuronate

UDP

UDP-Glucuronat

glucuronide (BG))
e This conjugted bilirubin is excreted from
the hepatocytes into the bile - intestines

Bilirubin

Bilirubin glucuronyl (c»( oedid wosp\ate Glucxomoni-)
trangterase UDPG Transferase
T S Bladin N Sy J
Bilirubin Z
monoglucuronide Compaeieal biliadtn
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e Once in the intestine some of the
conjugated bilirubin is coverted into
urobilinogen which is very soluble

e Urobilinogen is reabsorbed through ~ %
ge=

] . %}]\'(vxb{m

goes to the liver and is reexcreted Bile) ¢

into the blood and the remaineris ¢ =

Liowen

Rlowoh & L2

the intestine to the blood. Some

excreted via the kidneys

e The urobilinogen that remains in the

intestine is converted to sterobilogen

and excreted in the faeces
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&P Secreted bile salts
consist of 95% old, recycled
bile salts and 5% newly
synthesized bile salts.

E) Reabsorbed bile
salts are recycled by
enterohepatic
circulation.

Common
bile duct

Gallbladder

Sphincter
of Oddi

Duodenum ‘ =

Hepatic
portal from
vein €3 5°% of bile salts pancreas
are lost in feces.
KEY

B 95% of bile salts

> ileum are reabsorbed by
- the small intestine.

~———— = Enterohepatic
circulation of
bile salts

Bilirubin
UDP-Glucuronate
Bilirubin glucurony!
UDP transferase
Bilirubin
monoglucuronide

UDP-Glucuronate
Bilirubin glucuronyl
UDP fransferase

Bilirubin
diglucuronide ’
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%E!anucl gi io &rlm cszme}) ga | bladderﬁ oo 98t e o
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7 Qallbictly s - K Lipid 135S @\r\os?\not\@%c) 2 Drotea\ &R \wubiny =
> ‘o stimulated when digested food enters the duodenum = particularly if it is a fatty
food
e This causes a rhythmical contraction of the gallbladder wall
e There is relaxation of the sphincter of Oddi (were the common bile duct enters the
duodenum) reCepra”
°®Cholecystokinin is a big stimulus for gallbladder contractions also
e Remember this is released when fatty foods enter the duodenum
e When the duodenum is very full of fatty substances the gall bladder can empty
completely within 1 hour G.R N Gl ges Ja o
e The gallbladder can be made to contract through parasympathetic stimulation from
the enteric nervous system and the autonomic nervous system



Gallstones

e As the bile becomes concentrated in the gallbladder
this causes an increased concentration of bile salts,
lecithin and cholesterol» <7’ ;Z~

e Cholesterol is normally insoluble in water but bile salts
and lecithin help to keep it in solution G o podic 18

e Under abnormal conditions the cholesterol may \es Wl sl

precipitate out of solution and cause cholesterol* /o~ &
Gl s J8,§‘i|5'[0ne ¢ A8 = (), fen 2o B0 (rZ e insdille s LS G0

S W, BN Cordaahg— Sammsgiln, TR, o> C:ﬁo) GUY T, Cwaestersl Gl shof
N :'f__gﬂ The amount of cholesterol in the bile is determined by

Z;:c ¢ the amount of fat a person eats
AN
-»# If a person eats a lot of fat - the amount of cholesterol
Q&\fiuj;}”will be higher - more likely to precipitate out of
solution to cause cholesterol gallstones
e |f these gallstones move out of the gallbladder to the
bile ducts = contraction of the muscle layer of the bile

duct to try and push the stone along = felt as pain



The liver

The largest organ in tM
Made up of lobules

Lobules are formed around a

central vein

The central veins enters into the

hepatic vein and then the vena cava Hepatic
Each I@e’has cellular plates < >80

which radiate out from the central ™ Central vein
vein - contain the hepatocytes
Bile canaliculi lie between each
cellular plate N e A3
Bile canaliculi empty into the biley o hepatocyte
ducts

Between cellular plates lie hepatic

sinusoids

Central vein

Portal vein

Hepatic
artery

Interlobular bile duct
Interlobular vein

Interlobular artery

Central vein
Y .
\v\onJr{c N\

TR, ot Coder



The portal triad is the entrance
to the livers lobules.

A portal triad is the combination
of:

* The hepatic artery 257. otjponX

The portal vein (#5 /) noxvars (i es

The common bile duct— ¢ Hepale
Lo

Jl

Lymphatics Bl
A branch of the vagus nerve

Each portal triad is surrounded
by lobules with hepatocytes
The portal veins brings blood to
the liver

The central veins drains blood via

the hepatic vein from the liver
The pressure in the portal vein is
9mmHg and OmmHg in the
hapatic vein

Central vein

Portal vein

Hepatic

Portal triad

-
Bile duct

Bile
canaliculi

Portal arteriole

Portal venule

Kupffer
cells

Hepatic
sinusoids




Blood supply

Arterial supply is by portal vein &
hepatic artery.
Venous drainage is by hepatic veins

which drain into inferior vena cava.

| The Liver ]

Blood returning to the heart

hepatic vein

g — — hepatc artery
Bringmg fresh blood

from the heart

portal vein

Bringing blood from the intestines

Bile drammng 1o the inlestunes




5 R\ood Vessels

e The sinusoids and hepatocytes lie close together so the cells are continuously
exposed to portal venous blood

e The sinusoids have 2 different types of cells:
o Endothelial cells Cevge fors) -

o Kupffer cells (macrophages)— = sf e«
5 i * The Kupffer cells carry out
phagocytosis of bacteria that is

WL g e 0 present in the_ hepatic sinus blood
A e The endothelial cells have large pores
PP AS A"

e Pores mean large molecules can
escape

e Lymphatics drain these spaces

(J\Cl/wt)v\"

Kupffer cell Stellate cell - Endothelial cell

Blood vassel
(sinusoid)
Courtesy of ABPI



Liver Function- ..

. . - . Aowic
eRemoving metabolic waste products, hormones, drugs, and toxiné ~ Ammonia = Urea ¢ wew sAddD> — 8 2A0Kc Ndatess

) OUC.
Fat N (] g‘ or notoxic
Bilbia N g ol 3 wwsellalet

eProducing bile to aid inrdigestion

®Processing nutrients absorbed from the digestive tract

Rleo
eStoring glycogen, certain vitamins, and minerals (Iron and vitamin D,A ) + o Nosls nldo

Lvﬁi&& b Seas \td\\fi_? INPESI
P OMi\Etalnmg normal blood sugar ehren Blood, o Lvav™ s
o U QY
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“g‘)ynthesmng pfasma protelns albumin, and clotting factors, Fibrinogen, globulin.
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®Producing immune factors and removing bacteria
eRemoving senescent red blood cells from the circulation

oExcreting bilirubin — Snygerds v s
N
P B o SUE P



Functions of the liver
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The liver is an expandable organ so can sgcﬁor“'“l‘érge quantities “of blood in its blood vessels
Normally it holds 10% of a persons total blood volume

In right sided heart failure there - the blood cannot move from the right ventricle to the
lungs = it starts to build up in the venous system - this causes pressure on the liver and
makes it expand = the liver holds an extra 0.5L to 1L of blood when this happens

The extra blood is stored in the hepatic vein and sinusoids and causes the liver to increase
in size

When a person’s blood volume is low the liver can release stored blood to prevent preload
decreasing which - a decrease in blood pressure



The liver helps the metabolism of carbohydrates by carrying out
the following functions:

Metabolism in the liver - Carbohydrates

e Stores large amounts of glycogen

Liver and Glucose Metabolism
e Converts galactose and fructose to glucose Fasted state
* Gluconeogenesis (makes glucose) Fed state Amino acids from
/cell protei
E,J State . . . . ~a Glucose muscle/cell protein
The liver helps to maintain a normal blood glucose level l
Glycogen storage allows the liver to remove excess glucose from GLUT-2!
the blood - store it = and return it to the blood when blood Gluconeo-
glucose levels fall below normal.( This occurs after a meal Other s
when blood sugar levels rise and the pancreas secretes Sugars Glucose
insulin) \
Acetyl-CoA \
» The blood glucose enters the Il\(er via the portal vein and is ‘/l
taken into the hepatocytes * t"ﬁ‘“‘”i o TN Duom s otz TCA cycle
= The insulin acts of the glucose mofeculés t6°make them bind
together to form a polysaccharide (GLYCOGEN)
This requires the enzyme glycogen synthase
Stale .

Fatty acid
an
o »~When blood glucose levels are low GLUCAGON is released

Glycogen
Triglyceride
synthesis
(.sg Which causes the liver to break down glycogen to glucose
(_ﬂ\j CoVﬂ.DJw\g y ) boveak duw

\
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Metabolism in the liver - Carbohydrates

GLUCONEOGENESIS

e This is when glucose is made from

non-carbohydrate substances

e |tis made from lactate, glycerol
(from fat breakdown) and amino
acids

e This process occurs when blood
glucose falls below normal levels

GALACTOSE AND FRUCTOSE TO
GLUCOSE

Occurs by hydrolysis

This means the fructose and galactose
large “sugar” molecules are broken
down to smaller sugar molecules
(glucose) by water which break the
bonds!

cancentration after

Facilitated
a meal)

transport

UDP-gluooTe

Glucose 1-phosphate

Glycogan Glucose 6-phosphate = Glucoss

Gluccsa
(to be used
peripharally}

Lactate

Amino acids
{e.g., alanine)



Fat metabolism

The liver affects fat metabolism by:

e Causing breakdown of fatty acids to create energy

e This occurs in the mitochondria

e Caused by beta oxidation

e This causes the fatty acid to break into glycerol and

echiogus R Plogesivon 3

LIPOPROTEIN
FOOD SECRETION

INTESTINES Synthesis of /
structural phosphollplds 5
APOPROTEIN

fatty acids Rie @ ww; . . WoL . L.Dl, j ESTEHIFICATION
 Synthesis of cholesterol, phospholipids and lipoproteins sonie g
. . . . ryglycerides,
e Cholesterol synthesized in the liver is converted to U OXWON/‘

bile salts

e The rest of the cholesterol is transported via
lipoproteins and carried to the blood tissues
e Phospholipids also are created in the liver and

transfered by lipoproteins

e Cholesterol and phospholipids are used to form cell

membranes

e Synthesis of fats from proteins and carbohydrates

PERIPHERAL
FAT STORES ENERGY PRODUCTION

CHOLESTEROL

LlPOGENESIS
(glucose i
protein) ‘
BILE
EXCHET(ON

KETONE BODY
SECRETION

BLOOD
LIPOPROTEINS




Protein metabolism

The liver helps with protein metabolism by: o
 Deamination of amino acids s, 45 aminoasth e 2Ey - T | EEE ex crered im wrie
e This means when the body has too much protein amino acids are broken down
further to create ammonia
e Ammonia is toxic to the body and so it is eliminated as waste as urea
¢ Formation of urea for the removal of ammonia from body fluids
e |f the liver did not form urea from ammonia - the level of ammonia could get
too high and cause a coma
e Formation of plasma proteins (transport molecules such as albumin)
e \When plasma protein levels fall > this causes the liver to increase the mitosis of
Albuetl 551 hepatic cells and the liver increases in size to increase the amount of plasma
proteins

e |f there is liver failure the amount of plasma proteins (especially albumin) falls
which causes oedema




Other functions of the liver

Storage of vitamins -Vitamin A, D and@}
Storage of ferritin i Gl
e Second largest storage of Mmoglobin
e Stored as ferritin
* Ferritin is made and stored in the hepatocytes
e When iron levels in the blood become low the hepatocytes release the iron from
ferritin _ B Fopr A0t
Formation of coagulation factors bivery i
e Fibrogen, prethrombin, Factor VII andm
e Vitamin K is used to make prothrombin, factor VII, IX and X
e When vitamin K is low there are less coagulation factors and this prevents blood
coagulation
Removal of drugs and other substances
e Can detoxify drugs and secrete the waste products into the bile e.g. penicillin
e Main route for excreting calcium is by excretion by the liver into the bile and lost in
faeces



Jaundice

This is the yellow tint of body tissues

Due to excess quantities of bilirubin in extracellular tissues - can
be unconjugated or conjugated

Normal levels of bilirubin are 0.5mg/dl plasma

Skin starts to turn yellow at bilirubin levels of 1.5-2mg/dl plasma

Causes Wy,
Ve Increased destruction of red blood cells (haemolyticé immens. SFRAEN
anemia) = increased breakdown products > increased °% 3
bilirubin quantities N
e Called haemolytic jaundice : ]

e Liveris normal here o e 9p e
12\ Obstruction of the bile ducts or damage to the liver which

stops normal amounts of bilirubin being excreted into the
intestine

e Called obstructive jaundice
e Can be due to gallstones or tumours



e . .
Cirrhosis and other liver diseases

CIRRHOSIS:
e When the liver cells are destroyed
and replaced by fibrous tissue
¢ The fibrous tissue contracts around
the blood vessels and restricts their

fIOW C)\,:ZC%’_(\;U‘_-?‘C"" wM . ‘ Ibrous
e Qccurs in alcoholism
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