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Within a DFG-funded coordinated project, two different cancer treatment methods are being 
investigated. Both methods, Magnetic Drug Targeting (MDT) and Magnetic Hyperthermia 
(MHT), coincide in the use of ferrofluids (magnetic nanoparticles in an appropriate carrier 
liquid), but they differ in their approach. They both make use of the strong influence of 
magnetic fields on the nanoparticles, with the aim of treating the cancer locally while 
reducing, or even eliminating, the side effects that usually occur during conventional cancer 
treatments. In case of MDT the magnetic nanoparticles are used as drug carriers directed by a 
strong magnetic field gradient, while for MHT they are used to induce local heat transfer 
within the respective tissue, forced by an alternating magnetic field. 
One of the important stages of MDT is the delivery of the ferrofluids carrying drugs into the 
tumor region after their injection through the supplying vessels. At present few groups study 
the behaviour of ferrofluids in a circuit flow. For our experiments bovine femoral arteries 
have been used which are streamed by a physiological medium. Ferrofluid is injected into the 
artery following the usual medical protocol for MDT and is retained in the central part of the 
artery by an electromagnet. The concentration and accumulation of magnetic nanoparticles 
within the arteries are analysed by magnetorelaxometry (MRX) and micro computed 
tomography (µCT) [1, 2]. After the flow experiment the artery was sampled into approximate 
equal segments, fixed with formalin and embedded in paraffin, to make the tissue stable for 
further analysis – MRX and µCT. The latter shall provide the 3-dimensional distribution of 
magnetic nanoparticles within the artery samples. 
 

 
Fig. 1: A bovine artery is rinsed with physiological medium. Ferrofluid is injected into the flow, 
while a strong magnetic field gradient (16 T/m) is influencing the ferrofluid flow.  
 
After the flow experiment the artery was sampled into approximate equal segments, fixed 
with formalin and embedded in paraffin, to make the tissue stable for further analysis – MRX 
and µCT. The latter shall provide the 3-dimensional distribution of magnetic nanoparticles 
within the artery samples. 
 



MRX @ PTB Berlin and SRµCT @ HASYLAB 
MRX is a very sensitive technique to determine the iron content within a sample. The MRX 
measurements were performed with a single-channel superconducting quantum interference 
device (SQUID) gradiometer by the work group of Dr. Trahms at PTB Berlin. 
Tomographic examination of the biological samples was performed in cooperation with L. 
Gaab and F. Giese on the tomography equipment operated by the GKSS. The measurements 
were performed at BW2-beamline using the photon energy of 17 keV and an optical 
magnification of 2.5 resulting in a pixel size of 4.5 µm.  

 
Fig. 2: Schematic drawing of the bovine arteries samples measured with MRX. The numbers below 
each element give the iron content in arbitrary units.  
 
 
Results  
The combination of MRX and SRµCT provides important information for better 
understanding of directed ferrofluid delivery process during the MDT. The main points are 
listed beneath. 

• The different ways of pumping the flow could be identified.  
• Far away from the gradient, the nanoparticles accumulate at the inner walls of the 

artery. 
• Where the gradient is strongest, the nanoparticles accumulate at the inner walls of the 

artery but also block the vessel. 
 

 
Fig. 3: Cross-sections of bovine arteries 
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