itioxidants

The hallowed notion that oxidative damage causes aging
and that vitamins might preserve our youth is now in doubt

By Melinda Wenner Moyer
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AVID GEMS'S LIFE WAS TURNED UPSIDE DOWN IN 2006 BY A GROUP OF WORMS TH.A'
kept on living when they were supposed to die. As assistant director of
the Institute of Healthy Aging at University College London, Gems regu-
larly runs experiments on Caenorhabditis elegans, a roundworm that is
often used to study the biology of aging. In this case, he was testing the
idea that a buildup of cellular damage caused by oxidation—technically,
the chemical removal of electrons from a molecule by highly reactive
compounds, such as free radicals—is the main mechanism behind aging. According to this the-
ory, rampant oxidation mangles more and more lipids, proteins, snippets of DNA and other
key components of cells over time, eventually compromising tissues and organs and thus the
functioning of the body as a whole.

Gems genetically engineered the not produce these particular antioxidants: longer than the mice missing their antiox-
roundworms so they no longer produced  they accumulated free radicals as predict-  idant enzymes. Yet “I
certain enzymes that act as naturally oc- ed, and yet they did not die young—despite n life span ¢
curring antioxidants by deactivating free  suffering extreme oxidative. I VS,
radicals. Sure enough, in the absence of Other scientists in
the antioxidants, levels of free radicals in i
the worms skyrocketed and triggered po-
tentially damaging oxidative reactions
throughout the worms’ bodies. s
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Ihey are, however, becoming less the ex-
eption and more the rule. Over the course

f the past decade, many experiments de-
igned to further support the idea that
free radicals and other reactive molecules
drive aging have instead dirvectly chal-
lenged it. What is more, it seems that in
certain. amounts. and situations, these
high-energy molecules may not be dan-
gerous but useful and healthy, igniting in-
trinsic defense mechanisms that keep our
bodies in tip-top shape. These ideas not
only have drastic implications for future
antiaging interventions, but they also
raise questions about the common wis-
dom of popping high doses of antioxidant
vitamins. If the oxidative-damage theory
is wrong, then aging is even more compli-
cated than researchers thought—and they
may ultimately need to revise their under-
standing of what healthy aging looks like
on the molecular level.

“The field of aging has been gliding
along on this set of paradigms, ideas
about what aging is, that to some extent
were kind of plucked out of the ain,” Gems
says. “We should probably be looking at
other theories as well and considering,
fundamentally, that we might have to look
completely differently at biology.”
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in a 2003 interview: aging must be driv- lived longer. (At high concentrations,
however, the antioxidants had deleterious
Although free radicals had never be- effects.) Other scientists soon began test-
ingrt.,too.IleﬂQ reseuchemntbuke

en by free radicals.

fore been linked to aging, it made sense
to Harman that they might be the cul-
prit. For one thing, he knew that ionizing
radiation from x-rays and radioactive
bombs, which can be deadly, sparks the  the
production of free radicals in the body.
Studies at the time suggested that diets

rich in food-based anﬁoxidants muted
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dant enzymes animals were capable «

producing. Time and again, Richardsor
experiments with genetically modific:

mice showed that the levels of free radica

molecules circulating in the animals’ bod-
ies—and subsequently the amount of oxi-
dative damage they endured—had no
bearing on how long they lived.

More recently, Siegfried Hekimi, a biol-
ogist at McGill University, has bred round-
worms that overproduce a specific free
radical known as superoxide. “I thought
they were going to help us prove the theo-
1y that oxidative stress causes aging’
says Hekimi, who had predicted that the
worms would die young, Instead he re-
ported in a 2010 paper in PLOS Biology
that the engineered worms did not devel-
op high levels of oxidative damage and
that they lived, on average, 32 percent lon-
ger than normal worms. Indeed, treating
these genetically modified worms with
the antioxidant vitamin C prevented this
increase in life span. Hekimi speculates
that superoxide acts not as a destructive
‘molecule but as a protective signal in the

fwelsms‘ bodies, turning up the expres-

genes that help to repair cellular
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age have indisputably been shown to

cause cancer and organ damage, and
plenty of evidence indicates that oxida-
tive damage plays a role in the develop-
ment of some chronie conditions, such as
heart disease. In addition, researchers at
the University of Washington have dem-
onstrated that mice live longer when
they are genetically engineered to pro-
duce high levels of an antioxidant known
as catalase. Saying that something, like
oxidative damage, contributes to aging
in certain instances, however, is “a very
different thing than saying that it drives
the pathology,” Melov notes. Aging prob-
ably is not a monolithic entity with a sin-
gle cause and a single cure, he argues,
and it was wishful thinking to ever sup-
pose it was one.

SHIFTING PERSPECTIVE
ASSUMING FREE RADICALS accumulate dur-
ing aging but do not necessarily cause it,
what effects do they have? So far that
question has led to more speculation
than definitive data.

“Theyre actually part of the defense
mechanism,” Hekimi asserts. Free radicals
might, in some cases, be produced in re-
sponse to cellular damage—as a way to
signal the body’s own repair mechanisms,
for example. In this scenario, free radicals
are a consequence of age-related damage,
not a cause of it. In large amounts, howev-
er, Hekimi says, free radicals may create
damage as well. -

The general idea that minor insults
might help t ody withstand bigger

these interventions affected overall levels
of oxidative damage, however, because
the investigators did not assess these
changes. In 2010 researchers at the Uni-
versity of California, San Francisco, and
Pohang University of Science and Tech-
nology in South Korea reported in Cur-
rent Biology that some free radicals turn
onagene called HIF-I that is itself respon-
sible for activating a number of genes in-
volved in cellular repair, including one
that helps to repair mutated DNA.

Free radicals may also explain in part
why exercise is beneficial. For vears re-
searchers assumed that exercise was good
in spite of the fact that it produces free
radicals, not because of it. Yet in a 2009
study published in the Proceedings of the
National Academy of Sciences USA, Mi-
chael Ristow, a nutrition professor at the
Friedrich Schiller University of Jena in
Germany, and his colleagues compared
the physiological profiles of exercisers
who took antioxidants with exercisers
who did not. Echoing Richardson’s results
in mice, Ristow found that the exercisers
who did not pop vitamins were healthier
than those who did; among other things,
the unsupplemented athletes showed
fewer signs that they might develop type 2
diabetes. Research by Beth Levine, a mi-
crobiologist at the University of Texas
Southwestern Medical Center, has shown
that exercise also ramps up a biological
process called autophagy, in which cells
recycle worn-out bits of proteins and oth-
‘er subcellular pieces. The tool used to di-

and ]

their review to the trials that were least
likely to be affected by bias—those in
which assignment of participants to their
research arms was clearly random and
neither investigators nor participants
knew who was getting what pill, for in-
stance—they found that certain antioxi-
dants were linked to an increased risk of
death, in some cases by up to 16 percent.

Several US. organizations, including
the American Heart Association and the
American Diabetes Association, now ad-
vise that people should not take antioxi-
dant supplements except to treat a diag-
nosed vitamin deficiency. “The literature
is providing growing evidence that these
supplements—in particular, at high dos-
es—do not necessarily have the beneficial
effects that they have been thought to.”
says Demetrius Albanes, a senior investi-
gator at the Nutritional Epidemiology
Branch of the National Cancer Institute.
Instead, he says., “we’ve become acutely
aware of potential downsides.”

Itis hard to imagine, however, that an-
tioxidants will ever fall out of favor com-
pletely—or that most researchers who
study aging will become truly comfort-
able with the idea of beneficial free radi-
cals without a lot more proof. Yet slowly, it
seems, the evidence is beginning to sug-
gest that aging is far more intricate and
complex than Harman imagined it to be
nearly 60 years ago. Gems, for one, be-
lieves the evidence points to a new theory
in which aging stems from the overactivi-
ty of certain biological processes involved
in growth and reproduction. But no mat-

a ter what idea (or ideas)




