
THE LIVER
the largest visceral organ in vertebrates

The liver  is:
1. The guardian of the gut (clears blood of bacteria, toxins, etc.)
2. The primary detoxification and activation organ (steroid metabolism)
3. A manufacturer: transport proteins (albumin, lipoproteins)
  clotting factors (fibrinogen, prothrombin)
4. Ruler of metabolism:

carbohydrate - blood sugar (glucose) control
lipids/fat  -f.a. to ketones, glucose to fat, cholesterol metabolism
protein (nitrogen) - a.a. catabolism and anabolism, ammonia to urea

5. Endocrine organ: GH to somatomedins (IGF), angiotensinogen
6. Secondary sewer: waste removal via bile: bilirubin, bile acids, trace minerals, toxins, and drugs
7. Storage site for amino acids, iron, vitamin A and B12, etc.

Anatomy  “ structure defines function”

Schematic of gross anatomy
All blood leaving the gut goes to the liver before entering
the general circulation.  This arrangement allows the liver
to clear the blood of bacteria and toxins and protects the
body from these substances.

The liver is the largest visceral organ in humans and when
viewed microscopically appears to be a repeating pattern of
what is called the liver lobule.  

L iver  Lobule:

*  From Evaluation of Liver Function 1965 (Eli Lily & Company)



The predominate features of the liver  lobule
include, on the periphery, branches of the
hepatic ar tery and por tal vein that feed blood
into sinusoids.  The portal vein is blood that has
already traversed a capillary bed in the gut and is
lacking in oxygen.  The hepatic artery is fresh
oxygenated blood that provides oxygen to the
hepatocytes. The sinusoids form “canals”  that
flow between hepatocytes, the “ liver cells” .  The
blood enters the sinusoids from the periphery of
the lobules and drains into the central vein. 
Blood from the central vein will ultimately join
with the hepatic vein and return to the heart.

At the periphery, bile ducts lay in close
association with the blood vessels.  (These three
vessels are sometimes referred to as the portal
triad.)  Bile is formed by the hepatocytes and
flows in canaliculi (another “canal” ) that lies
between the hepatocytes.  Bile flows in the canaliculi into the bile ducts at the periphery of the lobule.  

The sinusoid is depicted at
the right. Please note the large
pores between endothelial
cells (known as fenestrae). 
These large pores allow easy
passage of plasma contents to
and from hepatocytes
(includes plasma proteins)

Other cells that are found in
liver include Ito Cells (that
store Vitamin A) and
fibroblasts, as well as oval
cells - make new hepatocytes.

1.  Guardian of the gut
Resident macrophages known as Kupffer  cells line the sinusoids and clear the blood of microorganisms
that may have escaped from the gut.  

It is the hepatocytes, the largest and most abundant cell of the liver where most of the action occurs.  They
are the primary site for detoxification of drugs, steroid hormones, and other toxins.



2. Detoxification
“Detoxification”  is a metabolic process by which lipophilic compounds are made more water soluble so
they can be easily eliminated in the urine or bile.  In addition, detoxification can also refer to the processes
that convert the toxic metabolic products into simple waste. Ammonia into urea, purines into uric acid,
and heme into bilirubin.

Phase 1 Enzymes: “P450's”
Cytochrome P450 monooxygenases (CYP3A4, CYP2E1, CYP2D6, etc) 90-95%
Flavomonooxygenases
Epoxide hydrolases

Phase 2 Enzymes: Glucuronosyl transferases
Sulfotransferases (inorganic sulfate used, so sulphur containing a.a. required:

methionine or cysteine)
Glutathione transferases(GST) (Glutathione (GSH) required as cofactor)
N-acetyltransferases

Note: Detoxification processes sometimes lead to activation of an inert compound.  So “detoxification”
may actually produce toxic metabolites.  See acetaminophen example below.

Acetaminophen metabolism:
phase 2 to non-toxic metabolites (60-90% of
dose)

phase 1 (P450) to intermediate then either to a
toxic metabolite or via GST to a non-toxic
metabolite.

Alcohol induces P450 so more of it.  This can
lead to over production of toxic metabolite and
liver damage = hepatitis (chemically induced
hepatitis).

3. Ruler  of Metabolism
Liver does it all based on hormonal control.

Blood sugar regulation: The liver is the only organ
that can release glucose into the blood system! 
The brain, kidneys, and red blood cells need
glucose as fuel.  The brain can also consume
ketone bodies in a pinch.

Increase blood sugar: glucagon
epinephrine
cortisol
growth hormone

Decrease blood sugar: insulin



Insulin is the hormone of feasting.  It is released from beta cells in the pancreas (islet of Langerhans)
when there is an increase in blood sugar, vagal stimulation, an increase in blood a.a., or an increase in
blood f.a. (weakest stimulus).  
It acts to: 1. open and/or insert glucose transporters in the membrane of adipose, skeletal muscle and

cardiac tissue.  (Liver, kidney and brain always have glucose transporters open and active.)
2. In addition, to promoting uptake of sugar, it promotes uptake of a.a. and f.a.
3. Induce anabolic processes: production of glycogen, protein, TAG.

Glucagon is released from the alpha cells of the pancreas (islet of Langerhans).  Its actions mirror
epinephr ine in terms of its blood sugar regulation effects.  Leads to increased blood sugar by promoting
the breakdown of glycogen (glycogenolysis) and the production of new glucose from ketoacids/amino
acids (gluconeogenesis).  It also increases energy production by promoting TAG breakdown (lipolysis)
and the subsequent beta-oxidation of fatty acids.

Cortisol acts to spare glucose for the CNS and kidneys, which depend on it.  It liberates amino acids from
protein which can be then used to make new glucose (gluconeogenesis) and supports the formation of
glycogen (glycogenesis) which is the only action it has that mimics insulin.  In addition, it spares glucose
by promoting beta oxidation of fatty acids (from TAG) as an alternate fuel source.

 


