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Review
Magnetic Resonance Tomography or 
Magnetic Resonance Imaging
MRT/MRI for visualizing the structure and function of the 
body in two- or three dimensions
measurements in magnetic fields with radio waves 
Nobel prize 2003 in medicine

Paul C. Lauterbur Sir Peter Mansfield

USA United Kingdom

University of Illinois
Urbana, IL, USA

University of Nottingham, 
School of Physics and Astronomy 

Nottingham, United Kingdom

b. 1929
d. 2007 b. 1933

http://nobelprize.org/nobel_prizes/medicine/laureates/2003/index.html
http://nobelprize.org/nobel_prizes/medicine/laureates/2003/press.html
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MRT/MRI

specially for tumor diagnostic and observation during 
chemo therapy (provides information about tumor micro 
vessel structure and function)
60 million investigations each year
first MRT in beginning of 1980s, 2002 22.000 for clinical 
advance
noninvasivly method
results: direct and quick
no X-rays

R. Padhani Anwar, JMRI-J. Magn. Reson. Im. , 2002, 16, 407-422 
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MRI technology

adapted to NMR
after excitation of 1H-Protons in water the relaxation 
gives a picture in two or three dimensions
relaxation depends on concentration and time 
creating picture of abnormal tissue by intravenous 
injection of paramagnetic substances (“magnetic light”): 
contrast agents
Transition metals (Fe, Mn, La usual Gd)
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Gadolinium(III)-complexes
seven unpaired electrons 
nuclear spin (I = 7/2)
high magnetic moment 
paramagnetic properties reduce the relaxation times in 
the sphere of H-protons; the contrast for the tomographic 
pictures is enhanced
Gd3+ is toxic
Gd3+ with chelating ligands reduces toxity
coordination number: 8

N N
COOH

N
COOH
COOH

HOOC
HOOC

1 DPTA
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2 DOTA
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Diethylenetriaminopenta acetic acid (DPTA), 1,4,7,10-Tetraazacyclodecane-N,N´,N´´,N´´´-tetra acetic acid (DOTA)
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Contrast agents in clinical advance

Bismehylamide (BMA), 1,4,7,10-Tetraazacyclodecane-1-(2-butrol)-4,7,10-tri acetic acid)
P. Caravan, J. J. Ellison, T. J. McMurry and R. B. Lauffer, Chem. Rev., 1999, 99, 2293-2352

3 4

5 6
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Influencing relaxivity

higher picture intensity and shorter measurements
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K. N. Raymond and V. C. Pierre, Bioconjugate Chem., 2005, 16, 3-8,
S. Aime, M. Fasano and E. Terreno, Chem. Soc. Rev., 1998, 27, 19-29
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Requirements on contrast agents

not hydrophobic (do not enter cells)
inert complex                 intact drug molecule
innocuous like sugar
inert against attack of nucleophiles and elektrophiles

Diameter: 
pore vessels: 9 - 50 nm
tumor tissue: >100 nm

Y. Fukumori and H. Ichikawa, Adv. Powder Technol., 2006, 17, 1-28 
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Injection

usually 0.1 – 0.3 mmol contrast agent/kg weight

not visible after injection

low molecular-weight agents (< 1000 Da) pours through 

the blood to the tissues

35% of MRI examination make use of contrast agents

R. Padhani Anwar, JMRI-J. Magn. Reson. Im. , 2002, 16, 407-422 
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Diffusion-behaviour

influenced by blood perfusion

transport through vessel walls
extracellular-extravascular 
space

interstitial space

R. Padhani Anwar, JMRI-J. Magn. Reson. Im. , 2002, 16, 407-422 
T. Barrett, H. Kobayashi, M. Brechbiel and L. Choyke Peter, Eur. J. Radiol., 2006, 60, 353-366 
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Tissue specified contrast agents

contents a paramgentic center and a functionalized unit 
with a characteristic affinity to a tissue
to mark plaques 
identify new tumor blood vessels

B. E. Van Beers, B. Gallez and J. Pringot, Radiology, 1997, 203, 297-306
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Macromolecular contrast agents
size affects the retention time in 
vessels
disadvantage/advantage: 
slower diffusion: leads to reduced 
concentration of Gd within the 
tumor tissue compensated by a 
large number of Gd atoms and 
higher relaxivity
slower to wash out of the tumor: 
tumor-to background contrast 
increases
MS-325 8, containing albumine 9

rest links to protein

T. Barrett, H. Kobayashi, M. Brechbiel and L. Choyke Peter, Eur. J. Radiol., 2006, 60, 353-366
www.biospacific.com/alb.gif 

8

9
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Dendrimeres, liposomes and nanoparticles
dendrimeres with PAMAM (Polyamido amine) or DAP 
(Polypropyl imine)

T. Barrett, H. Kobayashi, M. Brechbiel and L. Choyke Peter, Eur. J. Radiol., 2006, 60, 353-366 
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Dendrimeres, liposomes and nanoparticles
liposomes 

nanoparticles: PLA (poly lactyl acid), PLGA (Polylactyl 
glycolyl acid), PACA (Polyalkyl cyano acrylate), 
Polylysine
an additional functional group allows complex to bind on 
the tissue
disadvantages: polydispers

difficult in synthesis (not reproducible)

T. Barrett, H. Kobayashi, M. Brechbiel and L. Choyke Peter, Eur. J. Radiol., 2006, 60, 353-366
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Nanoparticles
goal: Binding lectin-
nanoparticles selective on blood 
vessels
PLA-BSA (free amino-functions) 
with addition of LEA

M. J. Montisci, G. Giovannuci, D. Duchene and G. Ponchel, Int. J. Pharm., 2001, 215, 153-161, I. Paschkunova-Martic, C. Kremser, K. Mistlberger, 
N. Shcherbakova, H. Dietrich, H. Talasz, Y. Zou, B. Hugl, M. Galanski, E. Soelder, K. Pfaller, I. Hoeliner, W. Buchberger, B. Keppler and P. 
Debbage, Histochemistry and Cell Biology, 2005, 123, 283-301, BSA: Bovin Serum Albumin

10
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Next Generation of contrast agents
in-vivo-sensors for pH-value, concentration of metal-ions
new functionalized derivatives of DPTA- and DOTA-
ligands
e.g. inner-sphere relaxation-mechanism to activate the 
DOPTA-Gd, when Ca2+ will be added
pH-values from 6.80 until 7.40 shows a marginal effect

W.-h. Li, S. E. Fraser and T. J. Meade, J. Am. Chem. Soc., 1999, 121, 1413-1414 

10
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Image of the plants´ function

http://www.biotic-
interactions.de/ausstattung/analytische_verfahren/NMR_bildgebung

Virtuelles Institut für biotische Interaktionen; 
Forschungszentrum: Jülich http://www.fz-juelich.de/icg/icg-3/index.php?index=169 
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Summary

contrast agents improve imaging

paramagnetic Gd3+-complexes cause water-proton 

relaxation

better visualization of abnormal tissue

even in blood-brain barrier

so 35% of MRI examination make use of contrast agents

advance of new macromolecular contrast agents for 

specific tissue
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Summary

no operating on someone

contrast agents can enhance the visualizing of the hyper 

permeable vessels produced by angiogenesis

diffusion rate of macromolecular agents have to be 

improved, because the complexes can decompose after 

longer residence time

not all humans can be examined by MRT:

magnetic metal in the body (pacemaker, prothesis), 

claustrophobia
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Thank you for your attention!
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