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Introduction: There is a close-relationship between tissue temperature and metabolism/physiology. Therefore, measuring 
tissue temperature may reveal alterations in tissue metabolism or indicate pathophysiological conditions (i.e. within tumors). 
A MRI thermometric method using the linear relationship between temperature and the chemical shift of the Lanthanide(III)-
bound water resonance associated with a PARACEST (Paramagnetic chemical exchange saturation transfer) agent has been 
presented recently (1,2). Currently the most efficient PARACEST agents are europium-based with a bound water chemical 
shift around 45 ppm. However, at this chemical shift, magnetization transfer effect (MT) from tissue macromolecules can 
greatly decrease the in vivo PARACEST effect. PARACEST agents with large chemical shift (beyond the MT effect) would 
not suffer from such reduced sensitivity (3). Here we report a dysprosium-based contrast agent with a bound water chemical 
shift around -670 ppm, which is suitable for in vivo temperature imaging.  
 
Methods: A new PARACEST agent containing dysprosium (Dy) metal, cyclen ring, CH2CO linker, and glycine (Gly) - 
lysine (Lys) dipeptide sequences as functionalized side chains was synthesized (Dy3+-DOTAM-Gly-Lys). The relationship 
between temperature and the bound water chemical shift was determined in a pH 7, 20 mM aqueous solution of Dy3+-
DOTAM-Gly-Lys on a Varian 9.4 T small animal MRI scanner. A 20 mM aqueous solution phantom and a 20 mM 10% BSA 
(Bovine Serum Albumin) phantom used to mimic endogenous tissue M effects were imaged at 37 oC (the temperature was 
monitored and controlled by blowing hot air using a Model 1025 Small Animal Monitoring and Gating System (SA 
Instruments, Inc., Stony Brook, NY)). A fast spin echo pulse sequence (FOV: 12.8 × 12.8 mm2, matrix: 32 × 32, TR = 3050 
ms, 4 echoes, and TE = 10 ms) was used, preceded by a frequency selective saturation pulse (B1 = 20 μΤ, saturation range = -
1000 − 1000 ppm in steps of 10 ppm, saturation time = 3 s). CEST-spectra were generated on a pixel-by-pixel basis and fit to 
the modified Bloch equations (3) to determine the chemical shift of the bound water and generate temperature maps. 
Simulations were also completed based on the four-pool model (3). 
 
Results and Discussion: The simulated CEST spectra for Dy3+-DOTAM-Gly-Lys with/out BSA are shown in Figure 1 
(parameters identical to experimental condition). The simulated result confirms that the endogenous MT effect does not affect 
the CEST sensitivity (~ 3%) when the chemical shift of the bound water resonance (-670 ppm) is beyond the MT effect 
range, but greatly affects the CEST sensitivity when the chemical shift is within the MT effect range (see amide proton 
resonance at 70 ppm). The acquired CEST spectra of the two phantoms are shown in Figure 2, which is similar to the 
simulated data. The relationship between temperature and chemical shift is shown in Figure 3a (~ 5.7 ppm / oC). The 
temperature maps generated for the phantom are shown in Figure 3b. The measured temperatures for the aqueous solution 
and the BSA phantom are 37.3 ± 0.2 oC and 37.2 ± 0.4 oC, respectively.  
 

 
 
Conclusion: The bound water chemical shift of Dy3+-DOTAM-Gly-Lys can be used for temperature measurement without 
loss of CEST sensitivity from endogenous MT. The temperature sensitivity is approximately 20 times greater than that for 
europium-based agents.  
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