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Histology a text and atlas, 6" edition



Liver parenchyma cells

* Hepatocytes (80%)

 Kuffer cells

* Hepatic stellate cell (Ito cell)
* Hepatic progenitor cells
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Biliary system

A DUCTULES AND SMALL DUCTS

Walter F. Boron et al. Medical physiology, 2" edition



Liver functions

 Synthetic function
* Metabolic function
e Excretory function
e Storage function



Synthetic functions

* Plasma proteins
* Lipoprotein

* Glucose

* Glycogen

* Heme



Plasma proteins

Albumin is the most abundant protein in plasma.

Alb Albumin maintains plasma oncotic pressure and intravascular volume.
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[ Globulins Y-globulins is secreted from B-lymphocytes.
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- . Globulins are clotting factors,

transport proteins, protease inhibitors, etc.

Representative of serum proteins detected by electrophoresis



Heme

Porphyrin:
Protoporphyrin IX

Pyrrole ring

Heme:

Protoporphyrin IX + Fe

HOOC

Methene bridge

COOH



Heme biosynthesis and disease (porphyrias)
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Enzymes

&-Aminolevulinic Acid
Synthase

5-Aminolevulinic Acid
Dehydratase

Porphobilinogen
Deaminase

Uroporphyrinogen lli
Cosynthase

Uroporphyrinogen
Decarboxylase

Coproporphyrinogen
Oxidase

Protoporphyrinogen
Oxidase

Ferrochelatase

Diseases

Sideroblastic Anemia (X-Linked)

ALAD-Deficient Porphyria

Acute Intermittent Porphyria

Congenital Erythropoietic Porphyria

Porphyria Cutanea Tarda

Hereditary Coproporphyria

Variegate Porphyria

Erythropoietic Protoporphyria




NADPH
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Microsomal P450 system

Heme is required for drug
metabolism in hepatocytes.

Marks’ Basic Clinical Biochemistry, 2"? edition



Metabolic function

Endogenous substrate
* Ammonia

* Cholesterol

* Bilirubin

* Steroid hormones

Exogenous substrate
e Ethanol

* Drugs

* Chemical substances



Ethanol metabolism

Peroxisomes
H,0, H,0
Catalase
(1)
¢ ADH ALDH2

Ethanol —/= Acetaldehyde -T' Acetate e
X

mM
NAD" NADH
NAD* g NADH Cytosol w8/ Mitochondria

. Clrculatlon .

Result:

O Acetaldehyde adducts formation
® Increase ROS formation
Microsomes @ |ncrease NADH:NAD' ratio

(2}
NADPH + H* + 0, NADP* + 2 H,0

http://www.niaaa.nih.gov/alcohol-health



Excretory function

Fig. 1. Hepatocyte couplet illustrating location of major transporters
that determine bile production and hepatic drug transport. The major
drug transporters are indicated in red. ATP-dependent transporters are
the dark circles. See Table 4 for their definition and function. BA™,
bile acid; BA-G, bile acid glucuronides; BA-S, bile acid sulfates; CNT,
concentrative nucleoside transporter; ENT, equilibrative nucleoside
transporter; GSH, glutathione; Na ", sodium; OA™, organic anion; OC™,
organic cation; PC, phosphatidylcholine.

Hepatology. 2011 Apr; 53(4): 1377-1387.
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Cholesterol

* Primary bile acids
Cholic acid
Chenodeoxycholic acid HO Cholesterol

\

Cholesterol e Cholic acid
7-o-hydroxylase

* Secondary bile acids

. . COOH
Deoxycholic acid

Lithocholic acid

" OH

Lippincott’s illustrated reviews, 5t edition Cholic acid
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Cholic acid

Chenodeoxycholic acid

Cholic acid Glycine
{a bile acid
e ..

] H
C-N-CH.COO

OH

e e —— e e

Glycocholic acid
(a bile salt)

Lippincott’s illustrated reviews, 5% edition

Chenodeoxycholic acid Taurine
(a bile acid)
e e ——
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C- N-CH,CH,S0,"

Taurochenodeoxycholic acid
(a bile salt)




Enterohepatic circulation of bile acids

DUODEMNUM
Cholesterol
Primary bile acids
Secondary (0.5 g/day)
Primary

1 . Glycine
bile acldi( Taurin57

Primary and secondary
bile salts

Glycine ‘
Secondary 4

bile salts Ta”"“
% Primary

Glycine bile acids
Taurine
Secondary
PORTAL VEIN : bile acids
g/

BILE DUCT

F s BILE Fecal excretion of primary

(15-30 g bile salts/day) 3“3 :_El-*ﬂﬂm_d;ry{l:ge E:Its

= PORTAL CIRCULATION and bile acids (0.5 g/day)
(15-30 g bile salts and acids/day) {}

Lippincott’s illustrated reviews, 5% edition
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Bilirubin metabolism

"

B - albumin
albumin
___’/-"!‘ Sinusoidal surface
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BDE = Bilirubin diglucuronide. UDP-5 = Uridine diphosphate - glucuronate
UDP-5GT = UDP-glucuronybransferase



Bilirubin metabolism
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Enterohepatic circulation and excretion of bilirubin

pB-glucugonidase

Liver, conjugation

enZyme

\ Microbi

Liver Kidney

\ Microbiafenzyme ( Urobilin )

Terminal ileum & large intestine



Bilirubin toxicity (kernicterus)

Bilirubin encephalopathy leading to cerebral palsy or death

HDN= Hemolytic disease of the newborn



Routine liver function test (LFT)

* Cholesterol
* Total proteins

Albumin

Globulins
 Total bilirubins

Direct bilirubin
Aspartate transminase (AST)
Alanine transminase (ALT)
Alkaline phosphatase (ALP)

(Reference values)

127-262 mg/d|
6.5-8.8 g/d|
3.8-5.4 g/d|
2.6-3.4 g/dl
0.25-1.5 mg/dl
0-0.5 mg/dI
4-36 U/L
12-32 U/L
42-121 U/L



Assessment of liver functions

Synthetic functions
Cholesterol

Total proteins

-- Albumin

-- Globulins

Hepatocellular damage
Aspartate transminase (AST)
Alanine transminase (ALT)

Excretory function

Total bilirubin

Direct bilirubin

Alkaline phosphatase (ALP)




Liver diseases

 Jaundice
* Hepatitis
* Cirrhosis
* Cholestasis



T samdee
m [cteric sclera, total bilirubin = 3 mg/dl

m Direct or indirect hyperbilirubinemia
m Cause:

~1Pre- hepatic/ hemolytic jaundice
“Hepatocellular jaundice
1 Post-hepatic/ cholestatic jaundice




Typeof Hemokyiic Hepatocelular c holestaix
jaundice
T Indirect Eoth of them, vary Eoth of them, vary
TE [TE = 3 mg%) [ direct, indirect ) [ direct, indirect )
Mild Moderate to Mormal to mild
fAasT ALT [AST only) marked
Normal Normal to Moderate to
T ALP moderate marked
Normal Normal to prolong | Normal to prolong
PT.PTT
Increase Increase Decrease
Lirine
urabilinogen
L'rine bilimubin | Negative Mepative | Positve Positive

PT= prothrombin time, PTT= partial activated thromboplastin time




Cholestasis

* Decrease of bile flow

* LFT profiles:
-- Increased alkaline phosphatase (ALP)
-- Direct hyperbilirubinemia

* Classification
-- Intrahepatic causes:
Decreased secretion of bile to bile canaliculi
-- Extrahepatic causes:
Decreased secretion of bile to duodenum



Extrahepatic cholestasis

Sudden obstruction (biliary colic)

Calculus in infundibulum

Transduodenal
view of bulging
L. of ampulla

Calculus in common duct

Carcinoma of head
invading duodenum

Ampullary
stone

Duodenum -

Netter’s Clinical Anatomy, 2"9 edition.



Cirrhosis

End stage of liver disease characterized by generalized liver fibrosis
with regenerative nodules

Commonly caused by chronic alcohol consumption and
chronic viral hepatitis

Clinical features:
Hepatocellular insufficiency (impaired synthetic function)
Gross view Portal hypertension

Netter’s Clinical Anatomy, 2" edition.



Cirrhosis

10SIS

AZYgos V.

Superior vena cava Esophagus

Right atrium

Inferior vena cava Esophageal varices

Hepatic v.
\ Short gastric v.

g—

 Relative increase
in hepatic a. flow

Porta v. pressure rises from 10 mm Hg to
20, 30, or more

Netter’s Clinical Anatomy, 29 edition.
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