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Introduction: Measuring absolute tissue oxygen tension (pO2) non-invasively may provide significant information and insight into 
the functional mechanisms of tissues and in clinical prognosis of diseases. Tumor oxygenation plays a vital role in determining the 
efficacy of radiotherapy, photodynamic therapy and some chemotherapies, and information related to hypoxic regions could be 
clinically important. Although it has been hoped that modulation of tumor oxygenation could be applied to enhance therapeutic 
efficacy, up to now effective oximetry methods have been lacking in the clinic.  Till date, the linear dependence of R1 of fluorocarbon 
19F NMR resonances on pO2 has been studied extensively [1]. Hexamethyldisiloxane (HMDSO) has been reported as an analogous 1H 
based pO2 reporter molecule by in vivo spectroscopy [2] and imaging (PISTOL technique)[3]. We now present data demonstrating the 
calibration of HMDSO based nanoemulsions and mapping tissue oxygenation in response to oxygen challenge following intra tissue 
injection of these emulsions. 
Materials and Methods: Nanoemulsions were prepared by ultrasonic emulsification of HMDSO, de-ionized water and one of the 
following emulsifiers: Polyethylene glycol hydroxystearate (HS-15) or Vitamin E tocopheryl polyethylene glycol succinate (VE-
TPGS). For calibration studies, samples were bubbled with various oxygen mixtures (0, 5, 10 and 21 % O2) and R1(=1/T1) was 
measured as a function of pO2 at 37o C. A spin-echo based pulse sequence was used to measure T1 values by spectroscopy in a Varian 
4.7 T scanner. Hydrodynamic particle sizes were measured using dynamic light scattering instrument (Wyatt Instruments). After an 
intra tissue injection of 100µl of nanoemulsion, slice containing the emulsion was imaged using PISTOL technique. The sequence 
consisted of a) 20 non-selective saturation pulses followed by a delay tau for magnetization recovery, b) 3 CHESS pulses for optional 
frequency selective saturation of water and fat immediately followed by c) a spin-echo EPI acquisition, consisting of a frequency 
selective π/2 pulse (on-resonance for HMDSO), a slice selective π pulse, and an EPI readout. T1 datasets were obtained using this 
sequence by varying tau. In order to modulate tissue oxygenation, the rats were subjected to respiratory challenge in the sequence: air 
(20 min) – oxygen (25 min) – air (35 min).  
Figure: (a) R1 vs pO2 calibration curves of  neat HMDSO and nanoemulsions with 40%(v/v) HMDSO,15%(v/v) of HS-15 or VE-
TPGS  (b) T1 maps of 40% (v/v) HMDSO, 5% (v/v) HS-15 nanoemulsion phantoms bubbled with gasses with varying pO2. (c) 
Dynamic changes in mean tissue oxygenation measured in vivo in rat thigh muscle (n=4) with respect to oxygen challenge. 

 
 
 
 
 
 
 
 
 
 

 
 
 
 

Results and Discussion:   HMDSO based nanoemulsions, with radii <120nm were successfully prepared for 1H MRI based oximetry. 
Calibration curves (R1 vs. pO2) were obtained for a wide range of HMDSO volume fractions and HMDSO/surfactant ratios and were 
seen to be linear in all cases. The calibration curves were similar to neat HMDSO (Fig a) for nanoemulsions with 5% or less surfactant 
volume fraction. T1 measurements using the PISTOL technique (Fig b) of sealed nanoemulsion tubes saturated with different oxygen 
concentrations yielded T1 values that are identical to those determined by spectroscopy. In vivo imaging studies of HMDSO emulsion 
in 4 rat thigh muscles showed a baseline pO2 of 46.45± 6.03 when breathing air, pO2 of 178.67± 57.69 when breathing oxygen (25 
min) and returned back to baseline pO2 on air breathing (Fig c). The obtained pO2 measurements are in good agreement with those 
reported by using neat HMDSO [3]. The use of PEGylated surfactants will increase the blood circulation lifetime of these emulsions. 
Studies of tumor uptake of nanoemulsions following systemic delivery are currently underway. 
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