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Introduction 

Hyperpolarized (HP) xenon has showed great potential to study the brain, because it not only can be non-invasively administered to 

the brain via the blood flow after gas-exchange through the lung, but also is able to cross the BBB (blood brain barrier) to dissolve in 

the brain tissues. However, the weak xenon signal in the brain hugely hinders the current applications of HP xenon brain MRI. When 

alternately ventilating HP xenon and oxygen gas to the animal, oxygen concentration alters xenon brain signal significantly. High 

oxygen concentration in the alveoli decreases xenon T1 [1], while high oxygenation in the blood increases xenon T1 [2]. In this study, 

we comprised these two factors, and found the optimal oxygen concentration for HP xenon brain MRI, which would be helpful to 

expedite the in vivo applications. 

Materials and Method  

To avoid the individual difference of the rats, we defined a parameter “T1_total” 

to evaluate HP xenon signal in the brain with different oxygen concentration 

ventilation. T1_total comprises all T1 relaxation of HP Xe transferred from xenon 

gas in the tedlar bag to the brain via the boold flow. All the MR experiments 

were conducted on Bruker Biospec 4.7T MRI scanner using a homebuilt 

dual-tuned surface coil (1H/129Xe), and HP Xe was generated from a homebuilt 

polarizer with a polarization of ~10%. The rats were ventilated alternately with 

O2/N2 mixture and Xe gas (350ms for inspiration, 200ms for breathhold and 

850ms for expiration) for ten times, and the MR spectra were acquired during 

the last xenon breathhold. After that, rats were ventilated with only O2/N2 mixture for 3 minutes to purge the residual xenon in the 

brain, before repeating the next MR spectra acquisition. Nine time points were chosen for every O2/N2 mixture ventilation, and the 

“T1_total” was simulated by these points, as shown in Figure 1. Five different O2/N2 mixtures were separately ventilated.  

Results and Discussion  The theoretical model based on the Kety-Schmidt theory predicts the optimal oxygen concentration of 

25-30% for xenon brain MRI, as shown in Figure 2. Our experiments demonstrated T1_total varied with different oxygen concentrations 

in the rat lung, and the longest T1_total occurred when oxygen concentration is between 25% and 30%, which is in agreement with the 

theoretical model. The oxygen concentration in the lung is no more than 50%, because the rats were alternately ventilated xenon and 

O2/N2 mixture at the equal tidal volume (3ml).  

 

 

 

 

 

 

 

 
Fig. 2. Theoretical simulation of HP xenon in the 

brain with different O2/N2 
Fig. 3. T1_total as a function of different oxygen 

percentage in the ventilated gas.  
Fig. 4. Optimized HP 129Xe image of 

the rat brain.
.

Conclusion  T1_total is a useful parameter to identify the total relaxation for the delivery of xenon gas to the brain, and the ventilation 

with 25-30% oxygen in the lung could maximize HP xenon signal in the rat brain, which is valuable for in vivo brain applications. 
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Fig. 1. A typical time dependent xenon signal in the brain with O2/N2 
and Xe ventilation. T1_total can be simulated from the data. 

Proc. Intl. Soc. Mag. Reson. Med. 22 (2014) 3534.


