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Unique Longevity
Benefits of
MAGNESIUM
BY ELIZABETH EMORY

Calorie restriction is one of the most effective
interventions that reliably slows aging and extends
lifespans in numerous species. The problem is that
it requires severe reductions in food intake that are
nearly impossible for most people to follow.1,2
Fortunately, it may be possible to achieve many of
the benefits of calorie restriction without limiting
your food intake.
A cell study published in late 2016 revealed that
magnesium supplementation mimics a key underlying mechanism of calorie restriction.1
That study showed that magnesium reduces or eliminates structures called R-loops. These structures
are extremely harmful because they contribute to an
unstable genome.1 Since unstable genomes lead to
cell death and raise cancer risk, stabilizing the cellular genome by eliminating R-loops can powerfully
prevent disease and promote longevity.3-6
This latest study on magnesium represents a remarkable advance in the ability to replicate the benefits
of calorie restriction on health and longevity—without limiting caloric intake.
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Research Update

What Are R-loops?
To understand the new study
on magnesium, it’s necessary to
understand the concept of R-loops
and why preventing their formation is essential for preventing disease and extending lifespan.
R-loops are structures that form
when strands of DNA and RNA
interfere with each other, causing
one strand of DNA to bulge away
from the main strand, forming a
loop.1,3,7,8 That lone DNA strand is
highly vulnerable to damage and
mutation.4,5,7
Compounding the problem,
bulging R-loops interfere with the
repair of damaged DNA.9
The result of these disruptions
is an unstable genome, meaning
one likely to undergo dangerous
mutations. The end result is either
premature cell death (and consequently loss of tissue function)
or out-of-control cell replication
(and consequently cancer formation).4,5,7,8
R-loop accumulation has been
linked to numerous diseases, such
as cancers of the breast, ovary, and
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colon, as well as neurodegenerative diseases such as amyotrophic
lateral sclerosis (ALS).5,7
Add to this the known harmful
effects of genomic instability on
longevity in general, and it’s easy
to see the tremendous importance
of ﬁnding ways to suppress the
formation of R-loops in human
cells.7,10,11 That’s what makes this
new magnesium study so exciting.

The Magnesium Connection
Scientists have known for years
that calorie restriction promotes
genomic stability by decreasing the accumulation of R-loops.1
What they didn’t know was how.
The answer is that calorie restriction increases the amount of magnesium in the cells.
The researchers ﬁrst saw this
when calorie-restricted yeast cells
began accumulating magnesium
ions. This occurred as a result of
boosted production of specialized
magnesium transporter complexes, which pull magnesium
into cells.1

Next, they found that having
a higher concentration of magnesium in the cells powerfully
repressed the formation of R-loops.
This suggested that magnesium is
the link between calorie restriction
and R-loop suppression.1
They then showed that disrupting the magnesium transporters—
or taking magnesium out of the
cells’ growth medium—prevented
the calorie-restriction beneﬁt of
suppressing R-loop formation.
Together, these findings conﬁrmed that magnesium is indeed
the connection between calorie
restriction and R-loop suppression.1
So the important question is:
If raising intracellular magnesium
is the mechanism by which calorie restriction represses R-loops,
is it possible to accomplish this
by magnesium supplementation
alone? Once again, the encouraging answer is yes.

Achieving the Beneﬁts
of Calorie Restriction
A series of experiments showed
that magnesium signiﬁcantly prevented R-loop buildup completely
independent of calorie restriction.1
In yeast cells, magnesium
supplementation significantly
decreased R-loop accumulation
by 47% to 68%. Even more exciting, it accomplished this entirely
without inducing any DNA damage
and, in fact, helped to stabilize the
genome.1
Studies in human cells revealed
several promising effects of magnesium supplementation.
First, as in the yeast cells, magnesium produced calorie restriction-like reductions in R-loop
formation. Two additional ﬁndings
showed how magnesium’s ability to
reduce R-loops could have a beneﬁcial impact on ALS and cancer.

Research Update
As we saw earlier, ALS is linked
to R-loop accumulation. This study
showed that cells from patients
with ALS were found to carry
mutations that impair activity of
the important magnesium transporters that pull magnesium into
cells.1 This ﬁnding may indicate
that ALS—and perhaps related
conditions—arise from an inability
to suppress R-loops through the
magnesium-dependent mechanism.
Perhaps most excitingly, this
study found that magnesium’s
impact on R-loops could help prevent cancer. Healthy cells contain
a cancer-suppressor protein called
BRCA2, which naturally suppresses
R-loop formation. But when there
are mutations in BRCA2, it can
no longer block R-loop formation,
which opens the door for cancers to
form. This study showed that magnesium could rescue cancer-prone
cells that were deﬁcient in the cancer-suppressor protein BRCA2.1
The science behind all of this is
very complicated, but the bottom
line is this: In cells, supplementation with magnesium—entirely in
the absence of calorie restriction—
produced the R-loop suppression

that is one of the primary cellular mechanisms by which calorie
restriction acts.
In other words, magnesium
supplementation may be one way
to mimic calorie restriction to
obtain its beneﬁts without severe
compromise to lifestyle.

Summary
Calorie restriction is one of the
most effective interventions that
reliably increases lifespan in life
forms ranging from microscopic,
single-celled organisms to complex
mammals. But because calorie
restriction requires severe reductions in food intake, most humans
ﬁnd it nearly impossible to follow.
A compelling new study has
identiﬁed magnesium supplementation as a unique way to mimic
one of the known cellular effects
of calorie restriction, namely, suppression of genome-destabilizing
R-loops.
Doing so helps cells stabilize
the genetic structure, which is an
important part of preventing disease and increasing longevity.

This discovery places magnesium in the same potential lifeextending category with other
nutrients known to mimic individual effects of calorie restriction.

•

If you have any questions on the
scientific content of this article,
please call a Life Extension® Wellness
Specialist at 1-866-864-3027.

References
1. Abraham KJ, Chan JN, Salvi JS, et
al. Intersection of calorie restriction
and magnesium in the suppression of
genome-destabilizing RNA-DNA hybrids.
Nucleic Acids Res. 2016;44(18):8870-84.
2. Hachinohe M, Yamane M, Akazawa D,
et al. A reduction in age-enhanced gluconeogenesis extends lifespan. PLoS One.
2013;8(1):e54011.
3. Amon JD, Koshland D. RNase H enables
efﬁcient repair of R-loop induced DNA
damage. Elife. 2016;5.
4. Stirling PC, Hieter P. Canonical DNA Repair Pathways Inﬂuence R-Loop-Driven
Genome Instability. J Mol Biol. 2016.
5. Stork CT, Bocek M, Crossley MP, et al.
Co-transcriptional R-loops are the main
cause of estrogen-induced DNA damage.
Elife. 2016;5.
6. Szafranski K, Mekhail K. The ﬁne line
between lifespan extension and shortening in response to caloric restriction.
Nucleus. 2014;5(1):56-65.
7. Richard P, Manley JL. R Loops and
Links to Human Disease. J Mol Biol.
2016.
8. Groh M, Albulescu LO, Cristini A, et
al. Senataxin: Genome Guardian at the
Interface of Transcription and Neurodegeneration. J Mol Biol. 2016.
9. Steurer B, Marteijn JA. Traveling Rocky
Roads: The Consequences of Transcription-Blocking DNA Lesions on RNA
Polymerase II. J Mol Biol. 2016.
10. Guven E, Parnell LA, Jackson ED, et
al. Hydrogen peroxide induced loss of
heterozygosity correlates with replicative lifespan and mitotic asymmetry
in Saccharomyces cerevisiae. PeerJ.
2016;4:e2671.
11. Maxwell PH. Growth conditions that
increase or decrease lifespan in
Saccharomyces cerevisiae lead to corresponding decreases or increases in
rates of interstitial deletions and nonreciprocal translocations. BMC Genet.
2016;17(1):140.

OCTOBER 2017 | LIFE EXTENSION | 69

