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Who am I?

ÅI am a physicist by training.

ÅI live and work in Australia.

ÅMy research career has focused on measuring the properties and 
quantities of iron in biological tissues.

ÅI have worked with many medical practitioners on applications of 
magnetic resonance imaging to the measurement of iron 
concentrations in the human body.

ÅI have a strong interest in sickle cell disease and thalassaemia.



Healthy iron metabolism

ÅThings to note

ïHealthy human body 
cannot excrete iron

ïIron stores controlled by 
controlling absorption

ïBetween 4 and 6 g of 
iron in the healthy 
human adult

ïMost of the Fe is in 
haemoglobinor storage



Things that can go wrong!

Å Genetic factors

ï Loss of iron absorption control

ï Haemoglobinstructure

Å Iron bypasses normal absorption mechanism

ï Blood transfusions

ï Iron infusions

Å Infection

ï Parasites metabolize iron

Å Other



Urinary iron excretion in Sickle Cell Disease

ÅSCD involves intravascular hemolysis

ÅUntransfusedpatients with SCD excrete iron in the urine

Sears, et al. (1966) Blood, 28: 708.



Porter and Garbowski (2013) Hematology, 2013: 447.

Sickle Cell Disease



¦ƴŘŜǊ ƴƻǊƳŀƭ ŎƛǊŎǳƳǎǘŀƴŎŜǎΧΦΦ

Iron atoms in the human body are bound to biomolecules 
(e.gthe proteins transferrin and ferritin)

Transferrin

Ferritin



Transferrin

Ferritin

¢ƘŜ ōƻŘȅΩǎ ƛǊƻƴ άǘŀȄƛέΦ
Can carry up to two iron atoms.

Safe iron storage chambers.
Can store up to 3 or 4 thousand iron atoms.



Excess iron is primarily stored in the liver as a 
type of rust!

Transmission electron microscope image of 
iron loaded liver

Each blob in the image is a particle of 
rust containing about 3000 iron atoms



Unbound iron is toxic!

ÅAt high concentrations of excess iron, not enough biomolecules to 
safely bind iron.

Å! ŦƻǊƳ ƻŦ ƛǊƻƴ ƪƴƻǿƴ ŀǎ άƴƻƴ-transferrin-ōƻǳƴŘ ƛǊƻƴέ ƻǊ b¢.L ƛǎ 
released into the body

ÅNTBI can spread to other organs such as the heart and pancreas

ÅNTBI can cause cell damaging chemical reactions
Å=> liver damage

Å=> pancreas damage

Å=> heart damage



How can we measure the concentration of 
iron in the liver?

ÅLiver biopsy
ÅCut out a piece of the liver and send to chemistry laboratory for analysis 

(Ouch!!)

ÅExploit the magnetic properties of iron and measure non-invasively
ÅSuperconducting quantum interference device based magnetic 

susceptometry(SQUID)

ÅMagnetic resonance imaging



Measuring liver iron concentration by biopsy

ÅPercutaneous

ÅLaparoscopic

ÅTransjugular

Major Complications

Death 1:10,000 ï1:12,000

Bleeding 1:100

Bile leak 1:1,000

Any pain 1:4

Significant pain 1:10 ï1:20

Siegel et al (2005) Cleveland Clinic J Med 72, 199-224



Biomagneticliver susceptometry

Fischer R. In: Andra W, Nowak H, editors. Magnetism in medicine: a handbook. Berlin: Wiley-VCH; 1998. p. 286-301. 



Biomagnetic liver susceptometry



Magnetic Resonance Imaging (MRI)

No X-rays!!


