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                Introduction 

Students from Lorraine Elementary School examined the 
structure of cells.  They learned how normal cells mutate into 
cancer cells. 

They learned about various body systems and how to prevent 
disease. 

Grade 8 
curriculum topics 
include cell 
theory, cell 
processes, 
genetics and 
microscopes. 
 
 

       Summer Research                                                       MRI contrast agents                               Grade 7 curriculum added to program    
Dr. Sarina Dorazio has been looking at iron complexes that appear promising as contrast agents for use with MRI.  We carried out a 
related investigation by creating two ligands.  We used cyclen and cyclam and added s-propylene oxide to both. The resulting 
compounds were labeled STHP and LOCO. Our goal was to synthesize two cobalt complexes.  We had to see if over time the reaction 
had come to completion.  We did this by using the mass spectrometer.  Many science tools were used including NMR, mini vortexer 
and UV-VIS.  Much of the work in the lab relates to characterizing different metals.   

 
Grade 7 curriculum 
includes energy, 
electricity, magnetism, 
waves, solutions, pH, 
the periodic table, 
atoms, elements and 
compounds. 
  

1. MRI and Contrast Agents
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Imaging modality features for cancer 
detection

Radiology 2001, 219: 316-333.
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• Non-ionizing radiation
• Good resolution & depth penetration
• Non-invasive/minimally invasive
• Image soft tissues

NMR: Dealing with sensitivity
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•High concentration of H2O 
(1H: ~110 M)

•Low concentration solute 
(metabolite, contrast agent) 

(1H: µM to mM )

Concentration-dependent

Can we use  this to our advantage 
for MRI?

Yes! Monitor the H2O signal!

3 main types of MRI contrast agents

Chemical Exchange Saturation Transfer (CEST)
• Paramagnetic CEST (ParaCEST)
• Intrinsically responsive to:

– pH
– Temperature

• Turn contrast on/off
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Chem. Commun. 2009, 24: 3497-3510.

MRI and contrast agents
Improve diagnosis and prognosis of diseases

8Chem. Rev. 1987, 87: 901-927.
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Detection of diseases. . . like cancer:
Responsive to pH
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Dr. Spernyak, Roswell Park Cancer Institute, Buffalo, NY

A = pH 6.8
B = pH 7.1
Arrow = buffer

MRI Phantom Images

Fe(TCMT)

Extracellular pH

– Tumors
• Slightly acidic
• pH 6.5 – 6.9

– Healthy tissue
• Slightly alkaline
• pH 7.2 – 7.5

JACS 2011, 133: 14154-14156.

2. Paramagnetism and ParaCEST
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Unpaired 
electrons

Relaxation
• Isotropic

Shifting

• Anisotropic
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∆𝑜𝑏𝑠𝑒𝑟𝑣𝑒𝑑  =  𝛥𝑑𝑖𝑎𝑚𝑎𝑔𝑛𝑒𝑡𝑖𝑐 +  𝛥𝑐𝑜𝑛𝑡𝑎𝑐𝑡 +  𝛥𝑝𝑠𝑒𝑢𝑑𝑜𝑐𝑜𝑛𝑡𝑎𝑐𝑡

HS FeIII

GdIII

HS FeII
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Development of contrast agents

design

synthesis

in vitro 
stability

in vitro 
NMR

in vitro 
MRI

in vivo 
MRI

Azamacrocycle cages
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TACN Cyclen

• Macrocyclic effect

• Improve thermodynamic stability and 
kinetic inertness

• Append with exchangeable proton groups
- amides
- alcohols
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Octadentate ligands
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Effective ionic radii:

8- or 9- coordinate LnIII: ~1.1 Å
8-coordinate MnII: 0.96 Å
8-coordinate HS FeII: 0.92 Å

Inorg. Chem. 2009, 48: 719-727. Field investigations included trips to   
Roswell Park’s miniature MRI that images 
small organisms (mice, rats) and the 
Niagara Falls Power Vista.         

       Implementation 

Direct Implementation 
Students will use graduated cylinders and balances to make 
metric measurements.  Students will synthesize various 
compounds.  Students will use a journal to record 
experimental data.  

 

Indirect Implementation 
Using the NMR required a high level of care.  If a person 
improperly uses the machine causing a malfunction it can 
impact many others and their projects.  I will increase the 
time I spend on lab safety.  I will emphasize the importance 
of working with others after seeing the real need to 
cooperate in a scientific setting. 

Transformative Implementation 
Peer to Peer mentoring is beneficial to mentor and mentee 
alike.  I will continue  to use peer to peer mentoring as a 
classroom instructional strategy.  This shift in teaching 
practice capitalizes on the importance of peer relationships 
for adolescents.  Participants can benefit  by improving 
communication and leadership skills. 
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