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Abstract

Background: Fasting and fasting Periodic fasting vs. fasting mimicking supplementation

N=151

mimetics - bioactive compounds

mimicking fasting effects, are of

growing interest as potential

means to slow down the aging
process and increase health span.
Sirtuins are known as enzymes

health

that interfere with mitochondrial span

energy metabolism and

molecular pathways involved in Q ‘

longevity. Although their

activation is determined as a response to stress i.e. caloric restriction. Sirtuin activating nutraceuticals are

believed to mimic the effects of nutrient deprivation, thus activating signaling pathways correlated to an

improved health span. In this study, we compare 5 days periodic buchinger fasting intervention with 3 months

shot supplementation, a drink formula, containing secondary plant ingredients considered to activate sirtuins.
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Methods We analyzed pathways in response to fasting and a sirtuins activating drink. Genetic and epigenetic
biomarkers including telomere length, LINE1 methylation, and a set of mMRNAs and miRNAs were assessed using
gPCR analysis. Gut composition and metabolites were compared using Illumnia sequencing and mass

spectrometry.

Results Fasting, but also the fasting mimetic could increase expression of FoxO1, SIRT1, and MLHI mRNA, all
genes discussed in aspects of longevity. A positive correlation between telomere length and both SIRT1, and SIRT6
was observed. Furthermore, a significant change in the gut composition was measured. Actinobacteria increased
in the supplementation group, whereas after buchinger fasting a rise in the distribution of Proteobacteria could

be observed. Firmicutes/Bacteroidetes ratio decreased and correlated with the body mass index (BMI).

Conclusions Our results confirm the effects of fasting on longevity associated mechanisms but also suggest that

SIRTFOOD shot intervention addresses some of these effects.

©FFC 2020. Thisis an Open Access article distributed under the terms of the Creative Commons

Attribution 4.0 License (http://creativecommons.org/licenses/by/4.0)

INTRODUCTION

The hallmarks of aging are often summarized as
genomic instability, epigenetic = modification,
telomere shortening, epigenetic alterations, altered
intracellular communication and more[1]. Epigenetic
mechanisms are agreed to be at the centre of
regulation of aging and the epigenetic clock is
considered to be the most reliable marker for aging.
As age increases, reactive oxygen species (ROS) amass
and drive senescence pathways, impairing epigenetic
methylation of CPGs, histones as well as miRNAs.
Aging can address various mechanisms differently
and recently, even certain age types were defined?3.
Calorie restriction (CR) has been discussed as a
potential method of delaying the onset of aging
conditions associated with increased morbidity and
mortality. CR is defined as a moderate reduction of
around 20-40% calorie intake compared to ad libitum

without malnutrition and was found to slow down

aging and extend healthspan[4,5]. Periodic fasting,
like ‘buchinger fasting’ with a total daily intake of
<250kcal is mostly unstudied.

During fasting pyruvate dehydrogenase kinase
isoform 4 (PDK4) is upregulated, muscle and liver
stores of glycogen are depleted to release glucose
into the bloodstream®’. Then, R-oxidation provides
energy by metabolizing the released free fatty acids
to ketone bodies to serve as an alternative energy
source[8,7]. The energy status in the cell is reflected
by the adenosine monophosphate (AMP)/ adenosine
triphosphate (ATP) ratio, which first increases during
fasting or CR and triggers AMP-activated protein
kinase (AMPK). AMPK promotes an intracellular
increase in nicotinamide adenine dinucleotide (NAD")
levels, the rate-limiting substrate for silent
information regulator 2 (SIR2), which is one of the
critical mediators of CR-induced lifespan extension in

yeast. In mammals, 7 sirtuins, SIRT1-7, have been
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identified[10,9]. Sirtuins are located in different parts
of the cells and have multiple functions including DNA
repair, cell survival, interaction with metabolism, lipid
and glucose homeostasis, stress resistance as well as
insulin secretion[11,12]. SIRT1 is the most studied
isoform among family members. It is associated with
longevity and is often observed to be expressed in
calorie-restricted cells[12]. A secondary molecular
link between AMPK, CR, and SIRTs provides the
Forkhead box subgroup O (FoxQO) family[9]. The
different transcription factors of this family promote
fatty acid oxidation, suppress the generation of ROS
and are linked to autophagic processes, thus slowing
the accumulation of oxidative damage that might
accelerate aging. FoxO is activated by its
phosphorylation via AMPK and its activity is
controlled through acetylation and deacetylation,
which is altered by SIRT1. This further illustrates the
networking interaction between AMPK, FoxO and
SIRT1 in the regulation of many cellular processes
involved in the adaptations to CR and promotion of
longevity[9,13]. However, CR can affect gene
expression through multiple mechanisms, like
chromatin modifications, mRNA transcription and
mMRNA translation. In particular, control of the
expression of regulatory RNAs such as microRNAs
(miRNAs) is an important determinant in this
regard[15]. MiRNAs have a variety of important
functions including their modulating role in cell
proliferation,  differentiation,  apoptosis  and
senescence[16]. mMRNA can have several miRNAs
regulators and vice versal’. More than 16 miRNAs

regulate SIRT1 expression and activity under which
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miR34a has been the most studied. MiRNAs do not
only have a crucial impact on a human’s physiology,
they are also able to enter microbial organisms. The
host’s miRNA may potentially affect the gut microbial
ecosystem. The composition of the intestinal
bacterial community can influence the digestion of
various dietary compounds and thus, affect the host’s
health. Food components can themselves also impact
the growth and metabolic activity of gut microbiota,
their composition and/or potential functions[18,19].
These include secondary plant ingredients or other
bioactive substances, known as functional food or
nutraceuticals - a dietary supplement that in addition
to its nutritional value, beneficially modulates body

functions[19].

Recently, the terms CR mimetics or fasting
mimetics have been used for substances that mimic
the biological effects of nutrient deprivation involving
the activation of different signaling pathways with
beneficial effects in metabolism, DNA repair and thus
improving health span[20,21,22] . Polyphenols show
increasing evidence to enhance the function of
immune cells i.e natural killer cells to eliminate
senescent cells. Moreover, multiple bioactive
compounds, like EGCG, resveratrol, phloretin,
butyrate and many more can act as epigenetic
modifiers, modulate gene expression, DNA
methylation and miRNAs[21,23]. Based on the
observation that fasting and certain bioactive
compounds have strongly overlapping physiological
features regarding their impact on age-related
pathways, this study has been conducted to compare
the outcomes of buchinger fasting with a dietary
supplementation containing different secondary

plant ingredients, considered to activate sirtuins, and
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their relevance for salutogenesis?*. 151 healthy men
and women were included. We measured and
compared the relative telomere length, Long
Interspersed Nuclear Elements (LINE1) methylation,
expression of 6 different mRNAs and 7 different

miRNAs as well as the changes in the gut composition.

Material and Method

Experimental design: 180 people were enrolled for
the study performed at the University of Vienna,
Department for nutritional science. The study
included three different intervention groups:
buchinger fasting, fasting mimetics supplementation
and placebo/control. After dropouts the fasting
intervention group consisted of 20 people, the 131
that attended the fasting mimetic supplementary
intervention, were divided into 100 participants for
the active supplement and 31 participants consuming
placebos, acting as the control group. The subjects
were between 21 and 75 years (mean 43 years). The
mean BMI was 26.255 kg/m2 * 4.545 kg/m2 and
weight 76.562 kg + 15.420 kg. 44 participants (29.1%)
were male and 107 participants (70.9%) were female.
124 participants of the total study population were
nonsmokers and two thirds indicated to be physical
active at least once a week. Exclusion criteria were
metabolic diseases thus its medication. Moreover,
participants taking probiotics, antibiotics or sirtuin
activating compounds/medicine like metformin were

excluded.

Dietary intervention: 20 participants joined a one-
week fasting program prescribed by Dr. Buchinger in
Pernegg Monastery, defined and supervised by Mrs.
Ingrid Hofinger, a fasting coach. The fasting program
is described elsewhere[25] but in brief, consists of a

total caloric intake of 250 calories a day for 5
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consecutive days. The supplementation group was
divided into a placebo control group and an active
group. The supplement was composed by the Swiss
company System-Biologie AG (Wollerau) and will be
addressed as SIRTFOOD shot. Both groups were
advised to not change their lifestyle and nutritional
habits during the intervention time. Participants had
to include one flacon (25ml) of SIRTFOOD shot or
placebo during the day for three consecutive months.
The study was randomized, controlled and single-
blinded. The supplement consists of prebiotic and
secondary plant ingredients, known to act as fasting
mimetics and able to active sirtuins according to
literature. The following compounds can be found in
one falcon (25ml) SIRTFOOD shot: 3.5 mg of gallic
acid, 40 mg EGCG, 25 mg phloretin, 14 mg
anthocyanin, 10 mg anthocyanidins, 6.4 mg
oleuropein and 0.9 mg sulforaphane, 3g galacto-
oligosaccharides. The compounds were extracted
from mango, apple, blueberry, olive leaves, broccoli

and green tea.

Sample collection: Food frequency questionnaires,
dried blood spots, and stool samples were collected
at two different timepoints at the beginning and after
the intervention periods. After collection, stool
samples were stored at -80°C. In accordance with the
declaration of the Viennese Human Ethics committee
all study participants gave written consent for the use
of data. The beginning of the intervention is defined
as timepoint 1 (T1). For fasting, the end of the
intervention was defined as timepoint 2 (T2) and for

the SIRTFOOD shot intervention as timepoint 3 (T3).

LINE1 methylation and relative telomere length:
Total DNA and RNA were isolated from dried blood
spots (DBS) using MagMAX FFPE DNA/RNA ultra-kit

(Thermofisher, USA) via KingFisher Duo Prime
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purification system. Quantity and quality of isolated
RNA were assessed using a Nanodrop ND-1000
spectrophotometer (Nanodrop, Wilmington, DE,
USA). For analysis of LINEI methylation, gPCR and
high-resolution melt analysis were applied. EpiTect
HRM PCR kit (Qiagen) and primers were used as
described below, and analysis was carried out in a
Rotor Gene Q (Qiagen). Unknown study samples were
compared to standards of known methylation,
generated with REPLI-g Mini Kit and mixed
accordingly, to generate standards with 0, 25, 50, 75
and 100% methylation. Bisulfit conversion was done
using the EpiTect bisulfite kit (Qiagen) following the
manufacturers’ protocol and using a maximum of 2 ug
of genomic DNA. Relative telomere length was
determined in genomic DNA isolated from the dried
blood spots using a StepOne Plus real time PCR
Detection System (Applied Biosysteme). For PCR,
single-copy gene primers, telomere primers (Biomers,
Germany) and a LightCycler® 480 Sybr®Green | master
mix (Roche) were used. Relative telomere length was
calculated using the formula of 2-AACt (ACt=
Ctlelomere_ctReference, AACt= ACt-ACt™ean Placebo controls) 5q
described elsewhere?®. Primers for analysis of LINE1
and telomere length were selected from literature
and purchased from Biomers, Germany. The primers
were following: LINE1 forward
TGTTAGATAGTGGGTGTAGGTT; for the reverse primer a 1:1
mixture was used from following primers LINE1 reverse 1:
AATACATCCGTCACCCCTTT, LINE1 reverse 2:
AAATACATCCATCACCCCTTT. Telomere forward
CGGTTTGTTTGGGTTTGGGTTTGGGTTTGGGTTTGGGTT; telomere
reverse GGCTTGCCTTACCCTTACCCTTACCCTTACCCTTACCCT;
telomere standard
TTAGGGTTAGGGTTAGGGTTAGGGTTAGGGTTAGGGTTAGGGTTAGG

GTTAGGGTTAGGGTTAGGGTTAGGGTTAGGGTTAGG, single copy
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gene forward CAGCAAGTGGGAAGGTGTAATCC, single copy
gen reverse CCCATTCTATCATCAACGGGTACAA, single copy
gene standard
CAGCAAGTGGGAAGGTGTAATCCGTCTCCACAGACAAGGCCA
GGACTCGTTTGTACCCGTTGATGATAGAATGGG. Each sample

was done in duplicates.

miRNA and mRNA expression: Changes in miRNA and
MRNA expression for genes associated with anti-
aging and longevity (FoxO1, SIRT1, PDK4, MLH1) were
determined using commercially available primers
(Thermofisher, USA). cDNA of mRNA was done using
LunaScript RT SuperMix Kit (Biolabs, Germany). cDNA
synthesizing from miRNA was done using TagMan
Advanced miRNA cDNA synthesis kit and reverse
transcription was conducted using a MultiGene
gradient Thermal Cycler (Labconsulting). Samples
were run in 10 pL reactions in doubles, using TagMan
Fast advanced Mastermix (Thermofisher, USA) for RT-
gPCR amplifications performed on StepOne Plus real-
time PCR Detection System (Applied Biosystem). All
target mRNAs were normalized to GAPDH as an
endogenous control. For target miRNAs, miR24 was
used as an endogenous control. Fold changes for
mRNA and miRNA were calculated using the AA cycle
threshold (AACr) method, with fold changes
expressed relative to the mean values for the control
group, placebo using the formula as described for the

telomere length[27].

Microbiota and microbial metabolites: Upon sample
collection, stool samples were stored at -80°C. For
sequencing microbial composition all fasting samples
were analyzed by Biomes NGS GmbH (Germany) using
Illumina Sequencing. Microbial metabolites were
analyzed using mass spectrometry at University of

Vienna.
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SCFA MCFA analysis: The detection technique was
established based on the published method 2-NPH or
3-NPH derivatised fatty acids analysis utilising LC-
MS28. Shortly dried pellets were resuspended in 150ul
acetonitrile, samples were centrifuged at 14000rpm
at 4°C, dried in the SpeedVac concentrator The
metabolites were analysed by liquid chromatography
coupled to mass spectrometry (LC-MS) using an
Ultimate 3000 (Thermo Fischer Scientific, Waltham,
Massachusetts, US) and a micrOTOF-Q Il (Bruker
Daltonics, Bremen, Germany) with an Atlantis T3 3um
column (2.1x150mm, Waters, Milford, MA, USA) kept

at 40°C.

Beta-hydroxybutyrate: BHB was measured from the
fasting group only via on call GK Dual blood glucose
and ketone meter (swiss point of care) using blood

drops from finger before and after intervention.

buchinger fasting

ketonebody in mM
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Statistical analysis: All data are presented as mean £
standard deviation (SD). Data were analyzed using
IBM SPSS Statistics for Windows Version 22.0 (IBM
Corp., Armonk, NY, USA) and graph pad prism
(Version 6). Paired t-test was used to compare the
different timepoints for parametric and Wilcoxon test

for nonparametric values.

RESULTS

BHB and weight management: Fasting intervention
resulted in ketogenesis with R-hydroxybutyrate (BHB)
increasing significantly after 5 days of fasting (p< 0.01)
(Figure 1A). The participants lost on average 4.5 kg,
whereas participants in the supplementation groups
lost 0.5 kg on average (Figure 1B). Ketone bodies were
not measured in participants of the SIRTFOOD shot
intervention, because ketogenesis is not expected
when continuing dietary habits with normal caloric

intake.

weightloss

Difference Kg T3-T1
) o
1
—.—i
—a—

-10 -

-15 T T T

Figure 1: Ketogenesis measured by ketonebody BHB before and after buchinger fasting (A) (p<0.01). Weight loss

with different interventions pictured in (B).


http://www.ffhdj.com/

Functional Foods in Health and Disease 2020; 10(10):439-455

www.ffhdj.com

Page 445 of 455

A B .
scatter plu. an participants
R2 Linear = 0,051
@
6,00000
- 7]
- ™
=
'
[+
2 400000 ° o
o @
£
Lo b ® ®
) @ 5] e @
= o @ o) @
[ @
[ o ©
2,00000 .
° @
@ e y=2,48-0,02%
@ 8 g o es °e o oo
0oooo
20 30 40 50 &0 70 80
Age
scatter plot SIRTFOOD shot
R2 Linear = 0,028
110,000000 ® . ®
°] o 4 8 o
s © . -]
oo ° : ®
® (]
- ° ° %, o ° ° .
m 100,000000 .. =. % (] ® 0
(-]
Z Se % e o °° s
-
] L]
c T 90 %, oo o 8o °® e ® o
= o ©o 900 0 %00® 0 8§ °
g 50,000000 e oo '.. ° .8 o®
1] -]
% e e g o o © ® ® )
E e @
39- o]
80,000000
[+]
70,000000
40,0 60,0 80,0 100,0 1200
T1 weight

Figure 2: Output scatter plot spss, Pearson’s correlation. Negative correlation of relative telomere length and age
of all participants (p< 0.05) (A). LINE1 methylation positively correlated with weight before starting the SIRTFOOD

shot intervention (p< 0.05) (B).
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Figure 3: % LINE1 methylation for buchinger fasting and SIRTFOOD shot. No differences could be seen before and

after the interventions in LINE1 methylation (A&B).

Expression of mRNA

Both buchinger periodic fasting and SIRTFOOD shot
intervention could increase mRNA gene expression
relevant for mechanisms involved in longevity
pathways. Both interventions significantly increased
Fox01, MLH1, PDK4 and SIRT1 gene expression
(Figure 4A &B). SIRT3 was elevated in the fasting
group, but not significantly and S/IRT6 showed no
effect (Figure 4B). SIRTFOOD shot had no effect on
SIRT3 gene expression, whereas mRNA levels of SIRT6
decreased but not significantly (Figure 4A).

Expression of miRNAs

A set of different miRNAs was chosen depending on
having an impact on the selected mRNAs or relevant
for health span and longevity pathways. In the
SIRTFOOD shot intervention significant changes were
seen for miR93-5p, miR16-5p, miR21-5p and miR34a-
5p. MiR125b-5p decreased and miRlet7b-5p elevated
but not in a significant extend (Figure 5A). buchinger
fasting ameliorated miR125b-5p, miR93-5p, miR16-
5p, miR21-5p and attenuated miR34a-5p significantly.
No significant effect was seen for miRlet7b-5p (Figure
5B). No changes in miR155- 5p were seen in all

samples. MiR122-5p and miR33b- 5p were under the

detective rate, therefore, these two miRNAs were

excluded.

Correlations mRNA and miRNA

A significant correlation was observed between the
different mRNA or miRNA gene expressions. For the
fasting group, FoxO1 positively correlated with SIRT1,
SIRT3 and MLH1 (p< 0.05) and MLH1 positively
correlated with all genes besides SIRT6 (p<0.01).
Moreover, R-oxidation is controlled by PDK4, which
overexpression increased SIRT1 and SIRT3 expression
(p<0.02). Telomere length and SIRT1 expression
positively correlated at the beginning of the fasting
intervention (p< 0.02) (Figure 8A), but not for
SIRTFOOD shot. Nevertheless, for the SIRTFOOD shot
intervention multiple correlations were observed as
well, like FoxO1 upregulation positively increased
MLH1, PDK4 and SIRT1 gene expression. Connections
between miRNA and mRNA expression were also
seen. SIRT1 and miR34a-5p showed a negative
correlation in the SIRTFOOD shot intervention,
although only a strong trend. Telomere length
positively correlated with SIRT6 and miR125b-5p
expression for the supplementation intervention (P<

0.05) at the baseline.
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Figure 4: RQ selected mRNA gene expression (FoxO1, MLH1, PDK4, SIRT1, SIRT3, SIRT6) SIRTFOOD shot and buchinger fasting.
The results are expressed as mean +/- SD. Statistical significance between timepoint 1 (T1) and end (T2 or T3) of the intervention
was determined using paired t-test for parametric values and Wilcoxon test for nonparametric values.
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Microbiota and metabolites

No changes for Actinobacteria, Bacteroidetes and
Firmicutes were seen after the fasting intervention.
However, Lentisphaerae decreased, Tenericutes and
Verrucomicrobia elevated, but not significantly. A
strong trend was seen in the switch of the abundance
of Euryarchaeota and Cyanobacteria. Latter was
the
Euryarchaeota attenuated after periodic fasting.

increased  after intervention, whereas
Significant elevated changes in microbiota were
observed for Proteobacteria, TM7 and Fusobacteria
(all p< 0.05) (Figure 6A). For the SIRTFOOD shot
intervention, a different pattern in the switch of
microbiota can be seen. Tenericutes had the same
result comparing buchinger fasting and SIRTFOOD
shot intervention. Three months of supplementation
lead to an increase in Euryarchaeta, Bacteroidetes,
Lentisphaerae and decreased Cyanobacteria and
Verrcoumicrobia but not in a significant manner. In
comparison to periodic fasting where a significant
increase can be seen for Proteobacteria, TM7 and
Fusobacteria, SIRTFOOD shot decreased the amount
of these phyla but not significantly. Nevertheless, a
strong trend in Firmicutes reduction and a significant
elevation in Actinobacteria (p< 0.05) was observed
with the supplement (Figure 6B). For the placebo
group, no changes were seen in any of the phyla
(Figure 6B). On the level of short-chain fatty acids
(SCFAs) produced by bacteria, no changes can be seen
after the SIRTFOOD shot

intervention, whereas
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periodic fasting significantly increased butyrate level
(Figure 7A). At the end of the intervention, a positive
correlation can be observed for abundance in
Tenericutes and the amount of butyrate produced (p=
0.05). Although only a strong trend, medium-chain
fatty acid (MSCFa) caprylate decreased after periodic
fasting, but not for the other intervention. Statistical
interactions with miRNAs and phlya were seen for
Cyanobacteria and miR16-5p, with a positive
correlation after the fasting intervention. The same
phylum and additionally Lentisphaerae positively
correlated with miR34a-p5 at the beginning of fasting
(p< 0.02). Interestingly, SIRT1 expression positively
correlated with the abundance of Actinobacteria and
negatively with Cyanobacteria at the end of fasting,
although SIRT1
expression positively correlated with Fusobacteria
after (p<  0.05). the
supplementation group, Bacteroidetes positively
affected miR125b-5p (Figure 8B), miR16-5p,
miRlet7b-5p, MLH1 (p< 0.05) and SIRT1 expression,
although only a trend. Moreover, strong trends were

not significantly. Nevertheless,

an intervention In

seen for Actinobacteria and Cyanobacteria with
different miRNAs, such as Verrucomicrobia and
miR34a-5p. Latter bacterial phylum also significantly
correlated with SIRT6 expression in a positive extend
but decreases with age, observed for the fasting
group (p< 0.05) Significant interactions are seen for
Firmicutes/Bacteroidetes ratio with BMI and weight
for all the participants and the SIRTFOOD shot
intervention (p<0.05) (Figure 8C&D).
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Figure 6: Abundance microbiota by phyla for fasting group (A), SIRTFOOD shot (ST1 vs ST3) (B) and placebo group
(PT1 vs PT3) (B). Results are expressed in percentage of the mean of relative abundance for the different phyla.

Statistical significance between timepoint 1 (T1) and end (T2 or T3) of the intervention was determined using paired

t-test for parametric values and Wilcoxon test for nonparametric values.
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DISCUSSION

CR has been widely discussed for its beneficial effect
on human health. In animal studies, CR was reported
to elevate sirtuin expression but to our knowledge,
the effect of sirtuin expression after consecutive
fasting days has not yet been studied in humans. The
term fasting mimicking diet has been increasingly
used in literature recently and its positive impact on
human health has already been revealed[5]. Anyway,
many fasting mimicking diets, like the SIRTFOOD diet
developed by Goggins and Matten, result in a
reduction of caloric intake, when changing their
dietary habits[29,5]. Our study was conducted upon
our vitro study with different secondary plant
ingredients regarding senescence and sirtuin
expression. Now we wanted to observe the potential
of periodic fasting and/or supplementing of a
combination of secondary pant ingredients without
changing dietary habits on sirtuin expression. Certain
polyphenol combinations exhibit synergistic effects
with a higher biological activity than the sum of the
individual ones[30,31]. Various aging biomarkers
have been identified to monitor the personal
response on lifestyle, nutrition and environment.
Among them, LINE1 methylation as a marker for
global methylation level has been positively
associated with BMI and obesity®2. Our results
showed no differences in LINEI methylation before
and after the intervention, like in the study of Duggen
et al.[33]. However, as Marques-Rocha et al. could
observe, the methylation level of participants in our
study also correlated with body weight[34,33]. Yet,
they found a higher methylation level in individuals
with lower body fat mass, which we could not see in
our data[34]. Regarding telomere length, we
observed a positive correlation with weight loss in
contrast to Mason et al., who did not see any changes
resulting from different diet and sport interventions.
One possible explanation might be the differences in

study populations[35]. Our study constitutes a very

www.ffhdj.com Page 450 of 455

heterogenous group of individuals, to assess potential
wide-range effects. Furthermore, we observed a
correlation between LINE1 hypomethylation and
increased telomere length, assuming LINE1
methylation decreases with lower body fat mass thus
resulting in higher telomere length. Baseline telomere
length attenuated with age in the SIRTFOOD shot
group, but not for the buchinger fasting. This result
may be explained by the population size, intervention
time and age distribution of the different
interventions. Telomere shortening is a hallmark of
aging which implicates driving pathologies and
aging[36,1]. Both interventions increased SIRT1
significantly. Glucose deprivation, like in fasting leads
to a switch in AMP/ATP and increased NAD*
concentrations, subsequently activating AMPK and
sirtuins. Bioactive substances target sirtuins, by
targeting nicotinamide phosphoribosyltransferase
(NAMPT), an enzyme in the NAD salvage pathway,
which leads to an increased NAD+/NADH ratio.
Polyphenols can target AMPK, by blocking the FOF1-
ATPase/ATP synthase, the complex IV in the
respiratory chain reaction in mitochondria, leading to
a switch in the AMP/ATP ratio and elevation on NAD+
in the cell[37,38]. At baseline, telomere length
positively correlated with SIRT1 expression in the
fasting intervention and with SIRT6 for SIRTFOOD
shot. A study conducted by Palacious et al.
demonstrates S/RT1 having a positive effect on
telomere length, but only in mouse models[39]. SIRT6
was found to protect DNA by maintaining telomeres
and modulating 5-hydroxymethylcytosine, the first
oxidative product in the demethylation of 5-
methycytosine[12]. Moreover, SIRT6 depletion
results in abnormal telomeres, leading to genomic
abnormalities and premature
senescence[40].Although we observed SIRT1
expression increased significantly in both groups, no
changes in telomere length were seen before and

after the interventions. Another longevity-related
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protein of the sirtuin family is SIRT3, which attenuates
ROS through superoxide dismutase 2 (SOD2) delays
cell senescence and decreases oxidative[12,41].
SIRT3, a mitochondrial sirtuin that regulates the
enzyme 3-hydroxy-3-methylglutaryl-CoA synthase,
impacts ketone body production[42]. Although SIRT3
activation was not significantly, periodic fasting
elevated BHB to an extend of 5.7 mM. However,
ketosis and ketone body production were very
unequal because participants were allowed to
consume a spoon of honey in case of dizziness, which
could have an impact on ketone body generation.
Ketogenesis is a metabolic mechanism in
mitochondria responding to fasting®. Increased PDK4
gene expression is usually observed during fasting,
which inhibits pyruvate dehydrogenase complex,
conversion of pyruvate to acetyl CoA decreases and
at the same time R-oxidation increases to provide
energy[8]. Remarkably, we could see this for the
SIRTFOOD shot group, assuming increased fatty acid
oxidation also in the supplementation
group[44,45,46] . It is well known, that an increased
R-oxidation and decreased glucose concentrations
lead to FoxO1 activation[46]. The axis between SIRT1/
Fox01 and PDK4 is not yet fully understood, but SIRT1
modulates upstream signaling of FoxO1 and its
activity improves glucose utilization[44]. Many
miRNAs have been studied and new connections with
our lifestyle and pathways can be generated, thus
pattern can be seen of miRNAs and age-related
diseases, like lower miRlet7b-5p levels in
cardiovascular diseases and diabetes type 2[47].
Although our results in this regard were not
significant, Cannataro et al. showed that miRlet7b-5p
increased during ketogenic diet[17]. Overexpression
of miR21-5p, which our results show for both
interventions, is often associated with inflammation
and cancerogenesis, but can also dampen cytokine
secretion mediated by toll-like receptor 4

(TLR4)[48,49]. Several papers implicated the

www.ffhdj.com Page 451 of 455

interaction of SIRT1 downregulation via miR34a-5p
overexpression[50,51]. miR34a is not only associated
with different cancer types, but moreover it also
interacts with the cardiovascular system and
metabolism by modulating SIRT1 expression.
Overexpression of miR34a inhibits SIRT1 expression
and endothelial senescence. miR34a is elevated in
diet-induced obesity with a concomitant decrease in
insulin sensitivity[16]. At the baseline for the
SIRTFOOD shot group, we could also observe that an
overexpression of miR34a-5p correlates with
decreased SIRT1 expression. However, SIRT1 can also
be expressed in the gut which plays an important role
in health and disease[52]. Gene expression is
modulated by lifestyle, furthermore, miRNAs interact
with our microbiome and their metabolites.
Nonetheless, the microbiome can be also modulated
with nutrition. Similarly like recently observed in
another survey, we assessed a positive correlation of
Firmicutes /Bacteroidetes ratio and BMI, whereas the
ratio decreased after both intervention[53].
Furthermore, in the SIRTFOOD shot group a
significant increase of Actinobacteria could be seen,
which agrees with the literature, where secondary
plant ingredients, like gallic acid and resveratrol were
observed to modulate the abundance of
Bifidobacteria, which constitute a major part of the
phylum Actinobacteria in the human gut[19,52].
However, the prebiotic agent, which the supplement
consists of, could be a more reasonable explanation
for this change[54]. Nevertheless, Bifidobacteria
exhibit beneficial effects on the host as it promotes
gut maturation and integrity, protects against
pathogens, and modulates immunity. Moreover, age-
related changes in physiology and function of the
gastrointestinal tract could result in a decline in
Bifidobacteria, which could be reversed with the
supplement[55]. We found only two other studies
assessing changes in gut diversity after buchinger

fasting. Like Mesnage et al., we observed a major
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decrease in Firmicutes and a significant increase in
Proteobacteria after periodic fasting. Proteobacteria
are usually associated with inflammatory bowel
disease, but it is important to mention, that these are
strain dependent[18]. Differences in miRNAs
expression patterns can be seen in stool and plasma
samples regarding nutritional habits[56]. Hewel et al.,
could identify that miR125b and Bacteroidetes have
multiple potential identical targets, for which we saw
a significant positive interaction with the
supplement[57,58]. Moreover, Martinez et al.
showed that miR125b-5p and miR16-5p are
downregulated in participants with irritated bowel
syndrome, assuming that the increased amount of
Bacteroidetes and overexpression of miR125b-5p
after SIRTFOOD shot supplementation could have a
positive impact on intestinal barrier function[59]. This
interaction of course could not be seen for the fasting
intervention because without solid food for 5 days
this bacterial phylum cannot grow and therefore, no
changes in the amount of Bacteroidetes were
observed for the fasting intervention. Nevertheless,
for this group we observed a positive correlation of
Tenericutes producing butyrate, which was already
identified as a butyrate producer by Vital et al.[60].
The anti-inflammatory properties of butyrate have
many beneficial effects on health[61]. At last, we
identified a positive correlation of the abundance of
Bacteroidetes, another butyrate producer, with
telomere length and a decrease of Verrucomicrobia
with age, which further affects SIRT6 expression for
this group (p<0.05). Fransen et al. observed the same
result for mice and the amount of this phylum
decreases with age, but to our knowledge, little is
published about sirtuins stimulating humans

microbiota[62].

Limitations:
Like in various other in vivo studies, the bioavailability
of the bioactive substances is a major concern.

Testing the compound individually would be
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interesting to investigate. The effects of the different
microbial compositions are very strain-specific,
subsequently, changes in bacterial strains and its
interaction are of high interest for our future studies.
The effects of polyphenols and the galacto-
oligosaccharides in the drink should be elucidated

specifically.

Conclusion and perspectives: Our study provides
results from 5 days of periodic fasting and a fasting
mimetic supplement within gene expression involved
in health span and longevity. Periodic fasting
activated SIRT1 and modulated gut microbiota.
Supplementing a combination of bioactive
compounds without reducing caloric intake shows
similar expression patterns of our selected mRNA and
miRNAs. Changes in the microbiota, especially
Actinobacteria, a butyrate producing bacteria phylum
were observed with the supplement. Both
interventions revealed results with beneficial
outcomes for human health and confirm the effects
of fasting on longevity associated mechanisms but
also suggest that an intervention with a combination
of certain sirtuin activating bioactive compounds

addresses some of these effects.

List of Abbreviations: Body mass index (BMl), reactive
oxygen species (ROS), calorie restriction (CR),
pyruvate dehydrogenase kinase isoform 4 (PDK4),
adenosine monophosphate (AMP), AMP-activated
protein kinase (AMPK), adenosine triphosphate (ATP),
silent information regulator 2 (SIR2), nicotinamide
adenine dinucleotide (NAD+), superoxide dismutase 2
(SOD2), the Forkhead box subgroup O (FoxO), MutL
homolog 1 (MLH1), B-hydroxybutyrate (BHB), Long
Interspersed Nuclear Elements (LINE), microRNAs
(miRNAs), timepoint 1 (T1), timepoint 2 (T2),
timepoint 3 (T3), short chain fatty acids (SCFAs), ,
medium chain fatty acid (MSCFa), tricarboxylic acid
(TCA), toll-like receptor 4 (TRL4)
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