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Should we skip a meal every day,
or indulge in a spermidine-rich diet?

Human life expectancy is increasing in a disproportionate rate to

our healthy lifetime. Thus, the extra years we gain are rather lived in

disease. Such ominous consequence of aging can be avoided by

caloric restriction. For those who cannot endure food deprivation,

the caloric restriction mimetic spermidine may offer a promising

alternative.

Background

Over recent decades, increased average
life expectancy has brought about a global
rise of age-related chronic diseases. Among
these, cardiovascular disorders pose an
enormous burden on public health and eco-
nomy and their death toll will continue to
rise in absence of effective interventions.
In addition, premature cardiovascular di-
sease is fostered by a prevalence of obesity
due to chronic consumption of hyper-
caloric diets and sedentary lifestyle. There-
fore, an extended life span comes at the
expense of health loss, disability and poor
quality of life. The reason for such disparity
between life span and health span (i.e.,
disease-free life period) is likely the failure
of pharmacotherapy to sufficiently target
the specific mechanisms driving health
deterioration in advanced age. Hence, it is
of paramount importance to develop more
effective anti-aging strategies to improve
cardiac and general health, especially
among elderly people.

Caloric restriction is
a proven anti-aging strategy,
but can we stick to it?

The amount of daily food intake, diet
composition, meal timing, and even inter-
meal interval length can profoundly affect
both our health and life span. That said,
there is a clear consensus that caloric re-
striction - a dietary intervention of caloric
intake reduction without incurring mal-
nutrition - effectively reduces age-related
harm on living cells and promotes longevity
in all tested organisms, such as yeast, fungi
and flies as well as mammals, including
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mice and non-human primates, thus, likely
also humans. Such wondrous ability of
caloric restriction to promote longevity is
thought to be due to evolutionary-preserved
and cell-protective processes that are acti-
vated upon nutrient and energy deficit.
One such protective process is autophagy
or ‘self-eating’, which is responsible for cel-
lular cleaning and recycling. On the one
hand, autophagy protects against cell
stress by eliminating damaged proteins
and lipid droplets, which otherwise may
impair normal functions and even might
cause cell death. On the other hand, degra-
ded cellular contents during autophagy
generate end-products, which, besides
being a fuel for energy production, can
serve as building blocks to produce new
cellular components.

Over the course of lifetime, the ability
of many cell types to activate autophagy
goes down and, thus, the amount of cellu-
lar waste accumulates disproportionately
as we grow old. Caloric restriction keeps
up autophagic activity and thereby main-
tains cellular fitness, improves health and
extends life span. However, adhering to
caloric restriction for extended periods is
practically challenging, not to mention
that caloric restriction is contraindicated
for pregnant women and youngsters. In
addition, some individuals get too motiva-
ted that they confuse caloric restriction
with food abstinence, which leads to mal-
nutrition and many undesirable side ef-
fects. For these reasons, the search for
compounds, preferably natural, that could
mimic the beneficial effects of caloric
restriction without having to endure
cumbersome dietary adjustments is highly
required.

KEYPOINTS

® Aging, hypercaloric diets and
sedentariness are major risk
factors for frailty and disease.

® Caloric restriction, without
malnutrition, promotes health
and prolongs life span.

® Spermidine-rich diet mimics the
benefits of caloric restriction
without having to cut down
food intake.

Spermidine mimics the effects
of caloric restriction

The Mediterranean diet, which consists
of a high intake of olive oil, vegetables,
fruits, nuts, cereals and legumes, moderate
consumption of dairy products and fish and
only a minor amount of sweets is a widely
accepted example of a healthy diet. In fact,
individuals regularly consuming this diet
are recognized to have better cardio-
vascular and cognitive function. While the
exact reasoning for the beneficence of this
diet is still not clear, it is known to contain
high levels of vitally important molecules
called polyamines, such as spermidine.

Despite the fact that the polyamine
spermidine exists naturally in our body,
spermidine levels are largely affected by
its uptake in food and synthesis by gut mi-
croflora. Spermidine is present in many
natural foods, but in varying amounts. For
instance, food containing high amounts
of spermidine include wheat germ, soy
beans, aged cheese, shiitake mushrooms,
green peas, nuts, apples, pears, and broc-
coli, just to mention a few (Fig. 1). As sper-
midine levels decrease with age in humans,
it is possible that increasing spermidine
amount could counteract aging. More
importantly, spermidine activates auto-
phagy similar to caloric restriction. There-
fore, it could be used as a caloric restriction
mimetic to restore youthful health during

aging.
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Fig. 1: Examples of food rich in spermidine: broccoli, apples, pears, green
peas, nuts, aged cheese, mushrooms, soybeans and whole grains

Spermidine rescues the heart
from aging and disease

Like in other tissues, autophagy de-
clines with aging also in the heart. Such a
reduction of autophagy is associated with
impaired heart function, especially during
diastole (i.e., relaxation), and increased
hypertrophy (i.e., cardiac wall thickness),
both of which facilitate the development of
cardiac diseases. In this regard, a recent
study has shown that spermidine supple-
mentation might turn back the clock on
age-related decline in cardiac health. In
fact, mice supplemented with spermidine
in their drinking water had better cardiac
function with reversed age-related hyper-
trophy. In addition, spermidine improved
the energy-producing (mitochondrial) ca-
pacity and structural integrity of cardio-
myocytes - the cardiac muscle cells respon-
sible for contraction and pumping action of
the heart. Such improved cardiac health in
spermidine-supplemented mice was related
to a beneficial effect on their life span as
well. When spermidine was administered
early in life, it prolonged life span by up to
15%, while later supplementation of sper-
midine (to already aged mice) increased
chances of survival by 10%.

In addition to aging, hypertension is one
of the leading risk factors for cardiovas-
cular disease and mortality. Spermidine
administration to a strain of rats that de-
velop hypertension upon salt intake not
only delayed the development of hyperten-
sion, but also improved cardiac muscle
elasticity, and protected the animals from
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heart failure. Interestingly, spermidine lo-
ses most of its cardiovascular protective
effects in mice that have a genetic defect
in the heart, which disables their autopha-
gic activity. Thus, spermidine benefits
seem to be primarily mediated through
stimulation of autophagy. Taken together,
spermidine protects the heart against
aging and hypertension and extends life
span similar to caloric restriction, at least,
in preclinical testing.

Does spermidine also work
in humans?

Epidemiological evidence from the Brun-
eck Study provides promising evidence
that, even in humans, a spermidine-rich
diet has a health-promoting effect (Fig. 2).
In this study, 829 participants from the
Bruneck area (South Tyrol, Italy) were inclu-
ded and their dietary habits were documen-
ted by means of questionnaires under the
guidance of nutritionists. Thus, the amount
of spermidine taken in food could be cal-
culated and subsequently compared with
the incidence of disease and rate of death
in these persons. The analysis of a 20-year
follow-up period (1995-2015) revealed that
increased dietary spermidine intake is as-
sociated with reduced blood pressure and
lower risk of heart failure and other cardio-
vascular diseases (a composite of acute coro-
nary artery disease, stroke and vascular
death). In addition, people consuming a sper-
midine-rich diet had significantly reduced
rate of death, including cardiovascular-rela-
ted, cancer-related and overall mortality.

1. Lower arterial blood pressure
2. Reduced cardiovascular disease
3. Improved survival
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Fig. 2: The Bruneck Study provides epidemiological evidence that
a spermidine-rich diet is linked to improved health and survival in humans

Evidence that spermidine could have
profound effects on cardiac health and
may even lengthen life is extremely encou-
raging and deserves much attention at a
time when the need to reduce the increa-
sing burden of age-related disease is pres-
sing. The idea that we could increase life
span by making adjustments to our diets
without the need to reduce caloric intake
or take expensive medications is captiva-
ting. Bearing this in mind, clinical trials
are the next step to confirm that spermi-
dine could directly improve cardiac and
general health in humans. Until then, it
wouldn’t do any harm to start eating a few
more nuts. |
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