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Resveratrol and rapamycin:
are they anti-aging drugs?
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Studies of the basic biology of aging have advanced to
the point where anti-aging interventions, identified from
experiments in model organisms, are beginning to be
tested in people. Resveratrol and rapamycin, two com-
pounds that target conserved longevity pathways and
maymimic some aspects of dietary restriction, represent
the first such interventions. Both compounds have been
reported to slow aging in yeast and invertebrate species,
and rapamycin has also recently been found to increase
life span in rodents. In addition, both compounds also
show impressive effects in rodent models of age-asso-
ciated diseases. Clinical trials are underway to assess
whether resveratrol is useful as an anti-cancer treatment,
and rapamycin is already approved for use in human
patients. Compounds such as these, identified from
longevity studies in model organisms, hold great pro-
mise as therapies to target multiple age-related diseases
by modulating the molecular causes of aging.
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Introduction

Two primary goals of aging-related research are to under-

stand the molecular processes that cause aging and to

develop strategies to intervene in these processes to slow the

onset of age-related disease. The first goal, defining the

molecular causes of aging, has proven difficult. Although

many different types of damage have been proposed to

contribute to aging (including nuclear and mitochondrial DNA

mutations, protein misfolding and aggregation, reactive

oxygen species, and stem cell senescence), consensus is

still lacking regarding which play a causal, rather than a simply

correlative, role. In contrast, slowing aging through genetic or

environmental manipulation has been surprisingly easy, at

least in model organisms. For example, multiple single gene

mutations are known to increase life span by greater than

30% in each of the most commonly used model systems
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for aging research: the budding yeast Saccharomyces

cerevisiae, the nematode Caenorhabditis elegans, the fruit

fly Drosophila melanogaster, and the mouse Mus musculus.

The best-characterized anti-aging intervention is dietary

restriction (DR), which can be defined as a reduction in

nutrient availability in the absence of malnutrition. DR has

long been known to increase life span in a variety of different

organisms in the laboratory, including yeast, nematodes, flies,

and rodents.(1) In a recently study, DR was shown to also

reduce aging-related deaths in a non-human primate, the

rhesusmonkey.(2) This finding raises the likelihood that DRwill

have similar effects in people, and controlled studies of DR in

humans are now under way.(3,4) Importantly, DR not only

increases life span in model organisms, it also appears to

extend health span, the period of life spent in relatively good

health and free of obvious age-associated disease. Many

different age-associated diseases seem to be positively

impacted by DR, including cancer, cardiovascular disease,

neurodegenerative diseases, and diabetes.(1)

In recent years, the idea that the beneficial health effects of

DR might be attained pharmacologically has gained scientific

credibility. This has been spurred in part by studies using

yeast and invertebrate models reporting on conserved

longevity proteins that modulate aging in response to nutrient

availability. In theory, a drug that alters the activity of these

proteins in a manner similar to DR could act as a ‘‘DR

mimetic’’ by slowing aging and retarding age-associated

diseases without requiring reduced food intake. This review

focuses on two such candidate DR mimetics, resveratrol

and rapamcyin, which have been shown to have profound

effects on health and longevity in model organisms and

are being actively studied in humans as therapies for treating

age-related diseases.
Resveratrol and sirtuin-activating
compounds

Resveratrol is a small polyphenolic compound that achieved

prominence in aging-related science several years ago, when

it was reported to be an activator of the sirtuin family of protein

deacetylases.(5) At that time, overexpression of sirtuin

enzymes was known to increase life span in yeast,
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nematodes, and flies,(6–8) and resveratrol offered a potential

pharmacologic approach to slowing aging by activating

sirtuins. Sirtuins had also been proposed to play a central

role in mediating the beneficial effects of DR,(9) resulting in

speculation that resveratrol might act as a DR mimetic

by providing the health benefits of DR without requiring

reduced food consumption.(5) In support of this idea,

resveratrol has been reported to increase life span in several

non-mammalian species, and to confer protection against

a variety of aging-related maladies, including neurodegen-

erative diseases, multiple forms of cancer, cardiovascular

disease, and diet-induced obesity in rodent and cell culture

models.(10)

Although the effects of resveratrol in rodent studies of age-

associated disease have been impressive, questions have

emerged regarding the degree to which its effects can be

attributed to activation of sirtuins. In addition to sirtuins,

resveratrol is reported to inhibit or activate more than 15

different enzymes.(11) Additional questions about the relation-

ship of resveratrol to sirtuins have been spurred in part by the

failure of the initial reports of life span extension in yeast and

flies to be independently replicated, and by biochemical

studies indicating that resveratrol may not activate sirtuins

toward biologically relevant substrates in vitro or in vivo.(12–15)

With respect to obesity, additional sirtuin activators have also

shown similar protection inmice,(16) suggesting that this effect

of resveratrol is likely mediated by sirtuins, although not

necessarily through a direct activation.

Recently, AMP-activated protein kinase (AMPK) has

emerged as another potentially important aging-related target

of resveratrol. AMPK plays a central role in maintaining the

energy balance of the cell by modulating carbon utilization

and ATP production. Resveratrol activates AMPK in vivo,

which has been previously shown to increase life span in

nematodes(17) and protect against diet-induced obesity in

mice.(18) The AMPK activator metformin is used clinically as

an anti-diabetic therapy, and treating mice with a related

AMPK activator, phenformin, has been reported to increase

longevity.(19) Intriguingly, AMPK has recently been shown to

activate the sirtuin enzyme SIRT1,(20) providing a possible

mechanism for indirect activation of SIRT1 by resveratrol, and

perhaps metformin, via AMPK.

Resveratrol has been proposed as a DR mimetic based, in

part, on the observation that mice treated with resveratrol

show a subset of the gene expression changes associated

with DR.(21,22) Combined with the reported benefits of

resveratrol in diverse age-related disease models, these

microarray studies provide a strong argument in support

of this idea. Paradoxically, however, although resveratrol

appears to reproduce some of the physiologic changes of

DR, it does not increase life span in mice, at least at the

doses tested to date.(21) Thus, it may be the case that

resveratrol influences a subset of age-related processes by
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targeting one or more pathways modulated by DR without

actually slowing aging.
Rapamycin and TOR

In recent years, signaling through the target of rapamycin

(TOR) kinase has emerged as a key pathway likely to be

involved in mediating life span extension from DR.(23) DR

leads to a reduction in TOR signaling, and reduced TOR

signaling is sufficient to increase life span in yeast,

nematodes, and flies.(24) Genetic longevity studies in each

of these organisms have also supported the idea that TOR

signaling and DR act via similar mechanisms to modulate

aging, including altered mRNA translation and enhanced

autophagic degradation of damaged macromolecules.(24)

A definitive link between TOR signaling and mammalian

aging was established this summer in a report from the

National Institute on Aging Interventions Testing Program in

which the TOR inhibitor rapamycin was shown to increase

life span in mice.(25) Several features of the Interventions

Testing Program rapamycin study are noteworthy, but most

striking is the fact that initiating rapamycin supplementation as

late as 600 days of age, roughly equivalent to 60 years in

people, was sufficient to enhance longevity.(25) Another

important aspect was that the life span extension from

rapamycin was observed independently at each of the

three Interventions Testing Program sites, providing built-in

triplicate replication.(25)

The importance of TOR signaling in mammalian aging was

further solidified by a second report showing that knockout of

S6k1, which encodes the TOR substrate ribosomal S6 kinase,

also increases life span in mice.(26) Like TOR, S6 kinase

homologs modulate aging in yeast, nematodes, and flies,

demonstrating that this is a conserved longevity-modifying

pathway.(23) In an interesting parallel with the sirtuin story,

S6k1 knockout mice show evidence for activation of AMPK,

and it was proposed that this may underlie the extended

longevity of these animals.(26)

Similar to the case with resveratrol, treatment with

rapamycin or genetic inhibition of TOR activity has been

shown to confer protection in rodent and invertebrate models

of age-related disease.(24) Mice with reduced TOR signaling in

adipose tissue show resistance to diet-induced obesity and

metabolic disease.(27) Rapamycin has also been shown to

confer protection in animal and cell-based models of

neurodegenerative diseases, cardiovascular disease, and

against a variety of types of cancer.(24) Thus, both rapamycin

and resveratrol appear to improve the health span of animals.

Two important areas where studies of rapamycin have

advanced beyond those of resveratrol, however, are (1)

specificity of mechanism, and (2) a clear demonstration of life

span extension in a mammalian model.
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Clinical evidence and implications for
human health

The studies described above have led to much interest in the

possibility that sirtuin activators or TOR inhibitors could be

used in people to slow the onset of age-associated diseases

by mimicking the effects of DR and reducing the rate of aging.

Testing this idea is difficult, however, in that there are no

commonly accepted biomarkers of aging, and it will likely

prove impossible to definitively prove that a compound has

slowed aging in humans. Instead, clinical validation of these

types of drugs across multiple age-associated diseases will

be needed, with the most likely clinical applications being

treatments for type 2 diabetes, cancer, cardiovascular

diseases, stroke, and neurologic disorders.

To date, it remains unclear whether resveratrol or sirtuin-

activating compounds have significant biologic effects in

humans. In the mouse obesity studies, very high doses of

resveratrol were used, and questions have been raised

regarding the bioavailability of resveratrol. Although market-

ing of unregulated ‘‘anti-aging’’ supplements that contain

resveratrol has proven to be a lucrative business, there is little

indication that supplementation with resveratrol has health

consequences – either positive or negative – in people. It is

hoped that some of the newer SIRT1 activators, which have

also shown promise in mouse models of obesity, will have

improved potency,(28) and these are currently in clinical trials

for type 2 diabetes. If proven successful and safe, these

compounds are likely to be tested for additional age-related

diseases.

In contrast to resveratrol, there is abundant literature

indicating that rapamycin and rapamycin analogs (referred to

as rapalogs) have efficacy in people as both immunosup-

pressant and anti-cancer agents.(24) Given the positive

indication from rodent models that inhibition of TOR may

also protect against obesity, heart disease, and neurodegen-

erative diseases, it may be that rapalogs will have broad

clinical applications. The immunosuppressive properties of

rapamycin have been noted as a concern to broad clinical use;

however, it remains unclear whether the dose needed to

increase life span in rodents also impairs immune function.(29)

Future studies will likely clarify this question, and it will be

important to be aware of potential side effects from long-term

use, if rapalogs, resveratrol, or other compounds achieve

widespread use as anti-aging therapies.
Conclusion

Resveratrol and rapamycin represent the first efforts to

translate anti-aging interventions from the laboratory to the

clinic, and more are sure to follow. Both compounds are

reported to increase life span and slow the progression of
98
age-related diseases in multiple model systems, and are

under study for clinical applications against diseases of aging.

Although it remains unknown whether either compound will

have anti-aging effects in people, we will likely have the first

indications in the near future.
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