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Three ways to maintain 
the NAD+/NADH cycle
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Change Pyruvate into Lactate
Pyruvate is a product of glycolysis. Conveniently, 
changing pyruvate into a closely related compound, 
lactate, helps change NADH back into NAD+.

Use NADH to make energy with mitochondria
NADH can be used in another energy-producing 
process involving structures in the cell known 
as the mitochondria. This also changes NADH back 
into NAD+.

Increase the blood fl ow
A third way to change NADH back into NAD+, 
only recently identifi ed by Washington University 
scientists, is to trigger a set of chemical chain 
reactions that increase blood fl ow.
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illiamson and Mintun have found the answer 
to a closely related question: How are blood fl ow 

increases triggered? Study results reported in PNAS 
link the increases to a molecule that occupies a 

unique and central spot in cellular energy production.
The investigators hope to apply the new insights to 

improve imaging of the brain in action and to limit the 
side effects of diabetes, but their fi ndings also are likely 
to have ramifi cations that ripple out far beyond their 
research specialties. Knowing how increased blood fl ow 
in the brain is activated could be relevant, for example, 
to understanding and controlling Alzheimer’s disease 
and stroke.

Washington University researchers have been leaders 
in the development of functional brain imaging tech-
niques, many of which monitor changes in brain blood 
fl ow levels. They fi rst began to topple the old explana-
tion for increased blood fl ow in 1988 by looking more 
closely at what brain blood 
fl ow changes refl ected.        

“Much to our great 
surprise, what we observed 
was that when blood fl ow 
did come up in an active area 
of the brain, the amount of 
oxygen being used didn’t,” 
says Marcus E. Raichle, MD, 
professor of radiology, 
neurology and of anatomy 
and neurobiology.

Raichle and other 
School of Medicine research-
ers confi rmed and expanded the fi ndings over several 
years, showing that brain activation increased blood 
fl ow but produced only a moderate increase in sugar 
use and a very small increase in oxygen use. “What 
remained was still the question of how are blood fl ow 
increases orchestrated and why?” Raichle recalls.

The answers remained dauntingly out of reach 
until Washington University pathologist Joseph R. 
Williamson, MD, now retired, happened onto the search 
in the mid-1990s. With the support of the St. Louis-
based Kilo Diabetes and Vascular Research Foundation 
and the National Institutes of Health, Williamson was 
stuyding the damaging effects of diabetes, which, in 
addition to elevating sugar levels, increases blood fl ow 
and harms blood vessels in the nerves, heart, retina and 
kidneys. Wondering if connections might exist between 

“It struck me that 

NAD+ is strategically 

positioned——even 

uniquely positioned——

to coordinate blood 

fl ow with energy 

metabolism.”
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