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We report a new localized Dynamic Deuterium Magnetic 
Resonance (DDMR) method to non-invasively determine the 
mitochondrial bioenergetics function in live mice. It is based 
on the simultaneous measurement of glucose consumption and 
metabolic water formation. The natural abundance of 
deuterated water in the body constitutes a reliable standard. 
Mice are prepared for two different experiments: one for 
intravenous (tail vein) injection, the other, for intraperitoneal 
perfusion (via a catheter) of D-glucose-6,6-d2 (G66d2). In both 
cases, DDMR can simultaneously distinguish the decreasing curve of glucose consumption and the increasing one corresponding to 
the formation of nascent metabolic water. The crossing point of the two curves varies in function of the avenue by which deuterated 
glucose was administered.  It is reasonable to assume that this crossing point depends on the physiological (normal or pathologic) 
state of the organism. Novel biomarkers are proposed: the crossing point of the two curves and the mitochondrial index (the ratio of 
the rates of glucose consumption and nascent mitochondrial water formation). This newly proposed method may be compared with 
current glucose tests. 

 
 

INTRODUCTION* 

 All activities of living organisms need energy. 
In mammalians, the energy is mainly obtained 
from a hain of chemical reactions that occur in 
mitochondria. The bottom line of these processes is 
the burning of the glucose (from the ingested food) 
by the oxygen that the organism breathes: 

C6H12O6 + 6O2 = 6H2O + 6CO2 + E 

                                                            
* Corresponding author: gdm2@case.edu 

 The energy, E, resulting from this exergonic 
reaction is used for the formation of adenosine 
triphosphate (ATP), the energy currency of the 
body.2,3  (A 70 Kg person makes – and consumes – 
70 Kg ATP in 24 hours).We are using glucose 
deuterated in positions 6 and 6’, in order to 
minimize the physiological effects of replacing the 
natural glucose. As seen in Fig. 1, the deuterium 
peaks of 6,6-d2-glucose are completely separated 
from the naturally abundant deuterated water. This 
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makes it possible to follow the fate of glucose 
without the interference of the huge amount of 
water (60 to 80%) that naturally exists in the 
human body.4,5 We also show in Fig. 1 that the 

broadening of the lines that naturally exists in the 
live subject (extreme right of the figure) still makes 
it possible to separate the water and glucose peaks. 

 

 
Fig. 1 – The deuterium spectra of  D – Glucose – 6,6’-d2: left, no line broadening (lb); right, with lb = 20Hz. 

 
 

RESULTS AND DISCUSSION 

 Athymic mice are prepared for two different 
kinds of experiments: one with intravenous (tail 
vein) catheter, the other with intraperitoneal 
catheter – for infusion of D-Glucose-6,6-d2 

(G66d2).  As seen in Fig. 2, the animal is placed in 
a tube allowing for proper anesthesia, breathing 
and temperature monitoring (MR-compatible 
Monitoring System, SA Instruments, Inc). 

 

 
Fig. 2 – The mouse in the home-built container. The blue tube is connected to the vital signs monitor.  

The upper transparent tube is for air delivery. The tail catheter is for intravenous (iv) injection of deuterated glucose. 
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Fig. 3 – The ip and iv crossing points of the G66d2 and nascent metbolic water curves and the new proposed biomarkers. 

  
The ensemble is introduced in a preclinical 

MRI scanner (9.4 T Bruker Biospec) and five 
baseline (natural abundance) 2H-spectra are taken. 
Subsequently, 200 µL sterile saline G66d2 solution 
(250 mg/mL) is infused via intra-peritoneal or 
intravenous injection and Dynamic Deuterium MR 
(DDMR) spectra are taken in 16 s blocks. Fig. 3 
represents the results. All animal procedures are 
approved by the Institutional Animal Care and Use 
Committee of Case Western Reserve University. 
 The two novel biomarkers proposed in this 
paper, namely the ratio of the values of the iv and 
ip crossing points and the corresponding mitochon-
drial indexes are shown in Fig. 3. 

 Preliminary results show that in this specific 
case the crossing point of the glucose and oxygen 
consumption occurs approximately 6.5 times faster 
for iv infusion (at ~6 minutes), when compared 
with ip infusion (at ~39 minutes). 
 The results shown above demonstrate that it is 
possible by DDMR to simultaneously, locally and 
non-invasively measure the rates of oxygen and 
glucose consumption in a live organism, following 
administration of deuterated glucose. Moreover, 
the formation of metabolic water can simultane-
ously be determined.  Thus, it is possible to define 
a new biomarker of mitochondrial bioenergetics 
function, namely the crossing point of the 
occurrence time of the intersection of the glucose 
and oxygen consumption curves. We also propose 
the establishment of a mitochondrial index, the 
ratio of the rates of glucose consumption and 
nascent mitochondrial water (MWn) formation 

(both expressed in µMole/g.min): Mind = MRGlc / 
MRMWn, where the denominator is indicative of 
the oxygen consumption. Mind can be correlated 
with the state of health of organs and tissues and it 
may be useful in early diagnostics. Corroboration 
of fMRI, PET and Mind results could bring 
considerable improvement in the interpretation of 
fMRI and a better understanding of the variability 
of CMRO2 in normal human brain.  Currently, the 
optimal voxel size is ~ 0.5 mL. Considering the 
loss of sensitivity in moving to clinical (lower 
field) MRI scanners, it would be possible to make 
in vivo measurement in more than 1,200 voxels in 
a human brain. Similar estimates may be made for 
other organs and tissues. A particular application is 
the supplementation (or replacement) of the 
glucose tests known to date. The advantages of the 
new method proposed by us are localization and 
non-invasion. These experiments will become 
possible in the clinic when measurements of low 
gamma nuclei such as 17O and 2H will be available 
on commercial MRI scanners, i.e., when high 
temperature superconductivity (at liquid nitrogen 
temperature) will be readily available.6,7 
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