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Mice engineered to produce high levels of the antioxidant catalase live significantly longer than their
wildtype counterparts, according to a report published online by Sciencethis week. Researchers observed
the largest lifespan extension when they targeted the catalase to mitochondria, which are thought to be
the major cellular source of reactive oxygen species (ROS) such as hydrogen peroxide.

The results lend support to the free-radical theory of aging, which attributes many of the infirmities of
old age to accumulated cellular damage caused by ROS and the free radicals they generate. Although
such damage increases with age, previous attempts to manipulate it have yielded contradictory results.
"Until this study, it wasn't clear that it was truly a cause [of aging in mammals] or an effect that
correlated with age," David Sinclair of Harvard Medical School, Boston, who was not involved in the
study, told The Scientist. "It's a pretty big deal," he added.

Peter Rabinovitch, of the University of Washington, Seattle, and his team created transgenic mice that
overexpressed human catalase. This enzyme is usually found in the peroxisome, where it breaks down
hydrogen peroxide produced during lipid metabolism. Unless it is neutralized, hydrogen peroxide can go
on to generate free radicals.

The researchers also incorporated short peptide sequences that marked the catalase for uptake by the
peroxisome, by the nucleus, or by mitochondria. They verified that the mice with a mitochondrial target,
referred to as MCAT, expressed large amounts of human catalase in heart and skeletal muscle. The
median lifespan of these MCAT mice was about 20% longer than that of wildtype mice, a modest but
highly significant increase. Catalase targeting the nucleus and peroxisome had little effect.

In addition to longer lives, the MCAT mice had fewer pathological changes in their hearts, lower
levels of hydrogen peroxide, and less damage to nuclear DNA. In addition, the MCAT mice showed
fewer DNA fragments resulting from mitochondrial deletions and were less susceptible to peroxide-
induced inactivation of aconitase, which is a key enzyme in the Krebs Cycle. Some researchers believe
that damage to these mitochondrial components leads to a vicious cycle, as the disrupted metabolic
pathway generates even higher levels of ROS.

Rabinovitch said that the new results don't say for sure whether the protective effect arises because the
free radicals are made in the mitochondrion or because mitochondria are more sensitive, or both. Still,
Toren Finkel of the National Heart, Lung, and Blood Institute, who did not participate in the research,
told The Scientist that lifetime extension by antioxidants is a straightforward prediction of whose
validation has been long awaited. "It's the most direct, testable proof of the free-radical theory," he said.

In spite of its importance, the research provides little direct support for the use of dietary or
pharmaceutical antioxidants, since the catalase is only effective at a specific location within the cell.
Rabinovitch also noted that catalase was unevenly expressed among tissues, and even among individual
cells within each tissue. With further research, he said, the lifespan enhancement might be made even
larger.

Indeed, larger lifespan extensions have already been seen in mice, for example, in response to caloric
restriction. Researchers like Sinclair suspect that oxidative stress is just one of a several mechanisms that



lead to aging, all of which may be controlled by a common signalling pathway, such as the one
involving SIR2.

Leonard Guarente, who studies SIR2 at the Massachussetts Institute of Technolgy, said that he was
"surprised that it worked," but that the method used by Rabinovitch was "a good demonstration that

fixing a cause can have an effect on a mammal."

"My hunch would be you could get even a larger effect by harnessing the effect of [calorie
restriction]," Guarente told The Scientist.

Rabinovitch considers the relation among the various mechanisms as an open question. "Proponents

of the free-radical theory can come up with explanations for a very broad spectrum” of age-related
problems, he said, including DNA damage, cancer, and diseases like Alzheimer's.
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